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1.0 Welcome

Thank you for purchasing the LDDM for Windows software package for
your Laser Doppler Displacement Meter. We hope that you find this
software package extremely helpful in your usage of the Machine
Calibration package that you have purchased.

Easy to install and operate, LDDM for Windows allows for the usage of the
LDDM to this fullest ability to reduce your downtime and ultimately save
you money. Along with the user-friendly graphical interfaces, and the
software’s fully automatic data collection ability, we believe that you will
find that the LDDM is the easiest to use laser calibration system on the
market, without sacrificing laser accuracy.

1.1 ThisManual and LDDM for Windows

In this manual, you will find descriptions about each choice and action on every screenin
the software. You will aso find instructions on how to take a measurement run for each
type of measurement.

1.2 Bolded characters

In this manual, you will find bolded characters. When prompted, these bolded characters
should be typed where specified.

1.3 Using the Mouse

Inthe LDDM for Windows package, only the left mouse button is used. In the program,
a single click on the left button is usually sufficient to carry out an action, with a few
exceptions. When prompted to click on a button, please move the mouse marker to that
particular button, and simply click the left mouse button on it.

1.4 Text Boxes:

Instead of clicking on buttons, there are some boxes in the software where you must type
in text. Move the mouse to the open box and look for the mouse marker symbol to
change into a vertical line which looks similar to an |. There are then two ways to enter
text. You may click the left mouse button at the beginning or end of the text, use the
Backspace key to delete the previous text, and then enter your new text. Y ou may aso
"Block" the text to be deleted by first moving the | (mouse text marker) to the beginning
of the text, holding down the left mouse button, and then moving the mouse to the end of
the text. Y ou may then replace the whole text you have "blocked" by typing in your new
text.
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2.0 Installation
2.1 Setup LDDM Program
To setup LDDM program from Windows 95/98 and Windows Millennium

1. For optimum performance exit all other applications before setting up LDDM
program.

2. Insert LDDM CD into CD-Rom driver and wait for the folder to appear from

My computer Icon. Double click on setup.exe to install the software.

Follow the instructions on your screen to continue through the setup progress.

After the setup is installed successfully, an LDDM icon will show in the screen.

The LDDM program is ready to run.

»w

2.2 Starting LDDM Program

To start LDDM from windows, run Windows and double clicking on the LDDM icon.
The main menu of LDDM program will appear on your screen (see Fig. 3-1). Click on
Linear for linear measurement. The measurement program will appear on your screen
(see Fig. 4-1).

2.3 LDDM software instruction

There are 2 types interface between the Notebook PC and the LDDM processor
module, one is serial interface through the com port and the other is USB human
interface. All the software is stored in a CD-ROM. Click on “Setup” to install the
software to your Notebook PC.

Serial interface through Com Port
1, Using RS-232 port on your Notebook PC

Boot the Notebook PC first with the RS-232 cable disconnected. Turn on the LDDM
processor, connect the RS-232 cable, and start the LDDM program. If the LDDM
program couldn’t find the interface, check the “device manager”, and “Com Port” to
make sure the Com Port is available. Also, make sure all the cables are connected
properly and reset the Processor by turn-off the power and turn-on again. Many times,
the problem is caused by a bad (poor contact) RS-232 cable or poor connection.

2, Using USB port with RS-232/USB converter

Make sure the driver for the RS-232/USB converter is installed. Connect the RS-
232/USB converter to the Notebook PC, turn-on the LDDM processor, connect the
RS-232/USB converter to the RS-232 port and start the LDDM program. If the
LDDM program couldn’t find the interface, check the “device manager”, and “Com
Port” to make sure other device, such as external mouse, is not using the same com
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port. Sometimes, the external mouse has to be disabled. Also, make sure all the
cables are connected properly and reset the Processor by turn-off the power and turn-
on again. Many times, the problem is caused by a bad (poor contact) RS-232 or USB
cable or poor connection.

Direct USB human interface

Make sure the laser head and ATC sensors are connected to the processor. Connect the
USB cable between the Notebook PC and the LDDM processor. Start the LDDM
program. For Windows Vista, use “Run as administrator”. If the LDDM hardware is
not connected and you want to do analysis, there is a popup screen stating: “Report
missing USB device, Yes or No”. Click on No, the main menu will be displayed and
click “analysis” to perform data analysis. If all the LDDM hardware is connected, the
main menu will be displayed, otherwise a popup screen stating: “Linear USB data
device not connected. Continue? Yes/No”. Click Yes to continue and No to exit.

For some Notebook PC with too many USB ports, the voltage becomes marginal or too
low, an external USB hub with power should be used. Go to “device manager” and
click on “Human Interface Devices”. There should be 6 lines of HID-compliant
device and 6 lines of USB Human Interface Device. If any of these are missing or
with a yellow exclamation mark on the corner, external USB hub with power should
be used.
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3.0 Main Menu

There are six working choices to be made on the Main Menu (Fig.3-1). They are to
choose which kind of measurement you would like to take. Linear measurement can be
done with any LDDM system. Straightness can only be used with a dual beam laser
head. Squareness can only be used with a quad detector. The angular and flatness
sections can only be used with a dual beam laser head. Choose analyze data to look at
previously created datafiles. All types may be viewed with this choice.

% Laser Doppler Displacement Metsr Measuremsnt Syslem
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Fig. 3-1 Main Menu

Click on Linear if you would like to take alinear measurement.

Click on Straightness if you would like to take linear and straightness/angular
measurements.

Click on Squarenessif you would like to take a squareness measurement.

Click on Flatnessif you would like to take a flathess measurement.

Click on Rotary Tableif you would like to take a rotary measurement.

Click on Straightness Display if you would like to display straightness.

Click on 2D Time Baseif you would like to take circular contour measurement.

Click on Analyze Data if you would like to view/analyze a previous data measurement.
Click on Quit if you would like to exit the program.
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4.0 Linear Measurements

After clicking the Linear Measurement Box on the Main Menu, you will be greeted by
the Linear Measurement Data Screen (Fig. 4-1). If the LDDM is not connected to
communication port, a message box will appear telling you that the LDDM interface not
found. Please check your connections and the LDDM reading on the display should
appear.

4.1 Linear Measurement Main Display

Laser Position

Digits
7 0%
I™ Intensity. 30. 79. MTE 999957 Unit inch
ATC Update | —Step Cycle [ Multiple Passes = 1 —
Air Material Run: Point: Position Difference
Temp.  |79.02 Templ 7498
Pressure -30_01 Temp2
. 1.0
|Material j 15
Thermal expansion will be compensated @ :
0 1 2 3 4
‘ Main ‘ ‘gnalyze ‘ Cancel ‘ ‘ Setup ‘ ‘ Reset ‘ ‘ Start ‘ ‘ Save Data ‘ Help ‘

Fig. 4-1 Linear Measurement Main display
Choices on the Main Display are as follows:

Intensity: Align your system visually, then check your alignment by clicking on this
box. A blue bar will appear in-between the Laser Position window and the Target
window. This blue bar will range from between 0 and 100%. Please make sure that the
intensity is at least 40% over your whole run. Press the intensity box again to return the
system to its original state.
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The two boxes next to the Intensity box show the Pressure and Temperature that the
Processor Box is reading. If you have an ATC probe, these numbers will be continually
changing. If you do not have an ATC probe, the values will be 68 degrees and 29.9 inHg.
When the Intensity Box is clicked on, these values will disappear.

ATC Update: The ATC update updates the air pressure, air temperature and material
temperature readings from the processor box. The MTE value will be calculated from
these updated values and Alpha material coefficient. A X mark will appear when the
ATC value has been updated correctly for the next measurement.

Step Cycle Measurement Style: Normal data collectings are linear cycle. However, for
long machine or other situation, it is desirable to collect data by quasi-pilgrim step cycle.
Click this box, the data collection will be changed to quasi-pilgrim step cycle (see 1ISO
230-2).

MTE: The MTE value can be manually changed in this box.

Unit: This box, when clicked on, will allow the user to change between the inch and
metric systems.

Digits: Clicking the left arrow will decrease the amount of digits shown (data will still
be taken to 6 digits). Clicking the right arrow will increase the amount of digits shown
(max 6). To decrease the amount of digits shown, click the right arrow once, and then the
left arrow.

Air/Material Environmental, Alpha Boxes: Values may be entered in the Air
Temperature and Pressure boxes for those people who do not have an ATC probe.
Humidity should be entered for all users of the LDDM system. The Material
Temperatures are averaged together to get the MTE coefficient value. The material alpha
can also be manually changed if the material list does not include the material of the
machine being calibrated.

Run: Point:;, Position, Difference: The values in these boxes are during a
measurement. They show the Run number that you are taking (up to 7), the point
number, the target position, and the difference between the LDDM reading and the target
position.

The percentage bar shows how much of the current measurement is done.

For automatic measurements, a stoplight will appear. The green light indicates that the
program is ready for the system to go to the next data point. The yellow light indicates
that the retroreflector has dropped below the velocity threshold and is waiting for the set
delay to complete. The red light indicates that the system is taking the data point.
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Material Box: The material list and their corresponding alpha values are listed here.
Click the mouse on the down arrow and a list of materials are shown. Please choose from
the material list or enter your own value to the alpha box above.

The dialog box is just underneath the material box. This box tells you messages and
describes the actions you are taking.

Buttons at the bottom of the screen:
Main: exits the linear measurement package and loads the main menu.

Analyze: exits the linear measurement package and enters the analyze data package. A
box will appear asking if the current module should be unloaded. Please type Yes unless
you are taking a flatness measurement.

Cancel: By pressing this button, you can cancel the last data point taken during a run, or
you can cancel the whole measurement.

Setup: Opens the setup window, where measurement specifications may be edited or
viewed.

Reset: Using this key allows for the reset of the LDDM. This key will also change the
mode of the processor box to the current measurement type, i.e. if the processor is
manually switched to a dual-beam mode while the program is in the linear measurement
mode, the reset will return the processor to the linear measurement mode.

Start Measurement: This button starts the measurement defined in the setup window.
Save Data: This button will allow for the data storage of the last measurement taken.
The Laser Position window shows the current position of the retroreflector. This value
always shows a value compensated for air temperature, pressure and relative humidity,
but may or may not be compensated for MTE (if MTE compensated box is clicked on or

off).

The Target window will show a value during a measurement. This value is the next point
where data collection will take place.

4.2 Linear Measurement Setup Screen (Fig. 4-2)
To input information: Please move the mouse pointer over the box on which you wish to

change the information. The mouse pointer will turn in to a vertical bar. Two things may
be done:
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1) Block the text. Hold the mouse button down and move over the text completely. The

text being blocked will become inverted in color (white on black).

Type in the

information to be entered. The original text will be replaced by the new information.

2) Click the mouse button while the vertical bar is over the box. Use the arrow keys and
the delete key to erase the previous information. Then input the new information.

“ Linear Setup

" Identification

" Linear Measurement

Maching |Hachine Center

S/N |12345

Umt: inch
y z

| Start Position ||]

| [0 | [o |

By |OPD

Date [11/04/03

Laszer head Direction/Measurement Axis

[ Forward Dnly

| End Position
Mumber of Points Humber of Runs

[X Positioned by Equal Divizions

Mumber of Runs

Yenfp/Edit |
) z-Axis
() othes [X ATC Board [ ATC Update Continuously
() Manual @ Automatic ) On the Fly Part Prog |
TAuto meazurement
2
® x-Axis Ol p-Axis Target Window inch
Tri dwell
Rotate Axis | e IZI e
Vel Threshold
[ Backlazh

‘ | Hew Conhg File

| Save Conhiguration

LCancel

Fig. 4-2 Linear Measurement Setup Screen

ldentification Box:

The identification of the machine, i.e. the machine type, serial number, the person doing
the calibration, and the date, is entered here and is saved in the data file. The date is
automatically entered using the computer system date.

Laser head direction/Measurement Axis Box:

You may choose either the x-axis, y-axis, or z-axis for on-axis measurements, or if you
have the diagonal measurement kit, you may choose other for a volumetric measurement.
Click on the circle closest to the type of measurement you would like to take. Click on
Rotate Axis to rotate the axes orientation to match with the machine coordinate.
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Linear Measurement:

Start Position: Enter the coordinate of the machine position that you are going to be
starting at (for that given axis). Also enter the Start Position of the laser beam location.
These information are used for pitch and yaw angular error calculation.

End Position: Enter the final coordinate of the machine position that you will be ending
at (for that given axis).

Number of Points: Counting the zero point as the first point, please enter the number of
points for the run up to 9999 points.

Number of Runs: Choose the number of runs for this measurement, 1 through 7.

Verify/Edit: Click on this button to see the data acquisition setup. Make sure that your
increments are correct. If there are increments to be changed to an irregular interval, you
may edit the box.

Forward Only: Click the box to an X mark if the measurement is to be forward only.
Leave the box blank if it is to be a bi-directional measurement.

ATC Board: If you have an ATC board, please click the mouse here and make an X
mark. If you do not have an ATC board, please make sure that there is no X mark there.
To manually set the speed of light correction, click the ATC board on and off, then enter
the barometric pressure in mmHg and the air temperature in °C. The barometric pressure
and air temperature values will be reset to 760 and 20 automatically once leave the
program to avoid possible double correction.

ATC update continuously: If you have the ATC board option marked with an X, you
can choose ATC Continuous Update to monitor your material temperature for changes
during the measurement. This is only necessary for larger machines, or measurements
that take many hours to complete (otherwise the material temperature change should be
negligible for most machines). This option will cause the MTE value in the Analysis
program to be 1.000000.

Please choose the type of measurement you wish to take:

Manual: The Start Measurement button will turn into a "TAKE" button after the
measurement begins. At every collection point, this button will have to be pushed.

Automatic: The software will collect data every time the retroreflector comes within a
"Target Window", drops under a certain velocity and sits still for a designated dwell time.

Parts Program: A G-code parts program will be generated to move the machine for the
measurement.
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On-the-Fly: The software will automatically take data as soon as it is sensed that the
retroreflector is within the "Target Window" of the target position. There is no On-The-
Fly capability for Linear Measurement.

Auto Measurement Box:

Target Window (automatic and on-the-fly): For automatic and on-the-fly
measurements, being within this value of the target position allows the software to take
data. For on-the-fly measurements, the maximum speed is 10 times the target window.

Trigger dwell (automatic only): For automatic measurements, the settling time of the
machine (typically 3-5 seconds) is entered here. Choose a value of at least 2 seconds less
than the programmed machine dwell time.

Vel Threshold (automatic only): This is the threshold that the retroreflector must drop
underneath so that a data point can be taken.

Backlash (automatic only): If the box has an X, backlash at the end and beginning of
each run (other than the first point) will be taken. The distance necessary to remove the
backlash and allow the software to re-trigger is twice the target window.

New Config File: You may load a previous configuration file if you have one for this
particular machine.

Save Configuration: This updates the LDDM.CFG file so that the data seen on the
screen will appear each time LDDM for Windows is run.

Cancel: Cancel the above changes and revert to the previous values.

Ok: Settings are ok for this measurement. If you saved this setup as the default, it will
come up first every time, otherwise the previous setup will re-appear next time the
program is run.

4.3 Example of a Linear Measurement

Linear Measurement Main Display (See Fig. 4-1):

1) Check your units in middle right hand side. If it is not the correct type, click on the
inch/mm icon.

2) Align the laser head visually according to the user’s guide. Click the intensity button
on the middle left hand side and check to see if the laser is aligned over the whole travel.
After alignment, click off the intensity.

3) Click once on the setup icon on the bottom row of Icons.
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Linear Measurement Setup Screen (See Fig. 4-2):

4) Setup your system information on the upper right hand side of the machine. Input the
identification of the machine you are calibrating. To type the text, please move the
arrow of the mouse pointer until it turns into a text cursor (an up and down line). Or
please hit the tab key until one of the text boxes is highlighted. Type your machine data
in.

5) Enter the axis of measurement (or the diagonal) by clicking the appropriate box on
the bottom left graph (X, Y, Z or OTHER for diagonal)

6) Enter the machine coordinates that you wish to calibrate in the upper right corner.

7) Enter the number of points, including zero, that you wish to calibrate. E.g. For a
ten inch run, with 2 inch increments, enter 6.

8) Enter the number of runs (typically 7 for NMTBA, or 5 for VDI, 1SO and B5)

9) Press the Verify/Edit button to see the increments. You may manually change these
increments if you would like to.

10) If you are manually changing the values, make sure that the Positions Equally
Divided box is clicked off to show: Positions As Shown Below.

11) Change the # of points as necessary to achieve the correct increment that you desire
(Press Verify/Edit to check again).

12) Choose Forward Only or Bi-Directional runs.

13) Click on the ATC board if you have one.

14) Click on ATC Continuous Update if you are taking a long measurement.
15) Choose your type of measurement:

Manual

you may: 1) Hit the enter key at each point, or
2) Click the mouse on Take at each point

Automatic

To take data automatically, you will have to program the machine controller to do 2 or 3
things: to move in a certain increment with a delay time in-between movements (3-5
seconds recommended), and add a backlash movement that is greater than double the
target window at each end (backlash is optional).
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The following information will be necessary for Automatic measurements:

Target Window: This tells the computer a distance window around the target position
where the computer is allowed to take data. This value is related to the backlash needed
(see below). A typical value is .001 inch or .02 mm, depending how tight your machine
is. The backlash movement of the machine must be at least double this value.

Trigger Dwell: Set this value for two seconds less than the machine delay time for each
point.

Velocity Threshold: This value keeps the risk of false triggering down. A good value to
use is 0.01 for inches, 0.1 for metric.

Backlash: Check here if you want to account for backlash. The backlash at the
beginning and end of each forward/backward run has to be at least TWICE the target
window value.
16) Saving the Configuration File:
Save this configuration file by clicking the Save Config File Icon. Type the name of the
file which you would like the setup saved to (usually the name of the machine). Press
Enter or OK after typing it in.
The program will ask you if you would like to save the file, press Yes.
The program will then ask if you want to use this file as your default. If Yes is clicked,
this setup will be loaded every time that the Linear Measurement Module is loaded.
To load a configuration file next time, click on New Config File. You may either:

1) Click on the file name and press OK

2) Double click on the file name

3) Type the name of the file name, example: LDDM.1CF and hit enter.
17) Press OK to get back to the main screen.
Taking Data Points for a Linear Measurement (Fig. 4-3)
18) Press ATC update (X) to update the values.
19) Input the Humidity Value.

20) Choose your material from the list given. Press the Down arrow key and you will
get a list, press the down arrow key or PgDn key from there to scroll down.
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21) Choose the number of digits on the upper right hand side of the screen you wish the
screen to display. Click the right arrow button to increase the amount (up to six), or
click the left arrow button to decrease the amount.

22) Move your retroreflector to the beginning of your run. Click on Start.

Manual: If you are manually operating the laser/machine, press the designated key to
take data as shown (after you move the machine). Also, if you would like to change the
target position, you may do so in the value box located in-between the run information.

Automatic: If you are running the automatic program, you will see a stoplight appear.
The red means that the conditions for a measurement have been met (inside the target
window, and the velocity is lower than the given one), yellow means that the delay is
being counted and the green means that the data has been collected and the program is
waiting for you to move to the next point (Fig. 4-3)

40.0313098
40.0000

Laser Position |

40%

[ Intensity 30. 79. MTE | 999957 unit  inch
ATC Update | —Step Cycle [ Multiple Passes = 1
. . Run:1 Point:5 ||40.000000 0.031309
Air Material

Temp. Templ
Pressure (3001 Temp2
Humidity Alpha U’T /\
0.5
0.00
0.05
0.08

|Mate:|:ial ﬂ ) ) ) )
10 20 Yﬂ 40

‘ Help ‘

Start measurements

‘ Cancel ‘ ‘ Setup ‘ ‘ Reset ‘

‘ Main ‘ ‘Analyze ‘ Save Data

Fig. 4-3 Automatic Linear Data Collection

23) After all the data is taken, press OK to save the data, or cancel to not save the data.
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24) To save data, type in the filename to save and hit <Enter> (the extension is
automatically saved as .LIN). You may also save collected data by pressing the save
data button, and follow the procedure above.

25) To analyze the data click on the Analyze button. When it prompts you, unload the
module, unless you are taking a flatness measurement.

4.4 Linear Data Analysis Menu (Fig. 4-4)

= Analysis - [Analysis] ME
File Data Selection Analysis Help

Poszition Measurement, Error Analpsis [mm]  File=CALDDMAYICTORX2Z.LIN Date :02/24/95
Machine :¥ictor YMC2615 5/M :5047 By :Rick

Start Position: [ 10, 0, 0] End Position: [ 235, 0, 0]

Total Travel= 225 Pointz= 6 Mo of Buns= 5

Prezsure: ¥64.12 Humidity: 0.00 Air Temp: 2041 Matenal Temp: 18.31

Max Error: 0.00104 Min Error: -0.00351 Mean: -0.00117

Pozition, mm|BEun #1 Eun #2 Eun #3 Eun #4 Eun #5

10.0 0. 00030 -0.00036 -0.00111 -0.00145 -0.00272

a5.0 o.00022 o.00021 -0.00115 -0.00176 -0.D0265

100._0 0.00023 0. 00015 -0.00078 -0.00151 -0.001%8

145._0 -0.00073 -0._ 00058 -0._00177? -0._00255

120._0 0o.00023 -0._ 00005 -0._ 00056 -0._ 00085

235.0 -0._ 00085 -0.00181 -0.00111 -0.00223

235.0 -0._000%2 -0._00127? -0.00203 —0.002135

120._0 0. 00086 0o.00043 -0._ 00002 -0.001143

145._0 -0._00053 -0.00153 -0.00225 -0.D0268

100._0 0o.00047 -0._ 00057 -0.00102 -0.00226

a5.0 0. 001043 -0._ 00052 -0. 00094 -0 00160

10.0 0. 00073 -0.00041 -0.00131 -0.0015%9

Fig. 4-4 Linear Measurement Data Analysis Table

Under the File Menu, you can open a new data file, save a data file, set your printer
type, set your printer style, or return to the main menu. When loading a file, choose the
files with the extension of .LIN for linear. You can only print data tables using the print
function under this heading.

Under the Data Selection heading, you can only choose Displacement when looking at a
linear (.LIN) file.

Under Analysis, you can choose Error, NMTBA, NMTBA with Zero Shift, VDI 3441,
ISO, ASME B5.54 or ASME B5.57 for different types of data manipulation. After
choosing Error, you will be given a choice on what you wish to see, Runs #1-7, and
forward or backward. Click with the mouse button on which runs you wish to see.

The following icons have the following function in Analysis:
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| Open a new data file.
E‘ Save a data file.

Graph a data file (After graphing, you may also change the scaling of the graph by
checking X on adjust grid).

Print a data graph (for printing data tables, use the Print option under the “File”
heading)

i -
E Moves to the previous screen.

E Moves to the next screen.

Exits the program.

4.5 Generating a Compensation File

Many machine tool controllers can provide compensations for repeatable position errors
on each linear axis of motion. To generate a new compensation file, first set the
compensation to zero and set the LDDM™ laser measurement system to measure the
position error at an increment corresponding to the compensation file requirement.
Second, use the metrology software to collect position error data and to generate a
position error table. Third, key in the new compensation file based on the position error
table. Finally, use the LDDM™ laser measurement system again to measure the
position error with the new compensation file to make sure that the position errors have
been compensated. Otherwise, the machine may have large non-repeatability.

For some standard machine tool controllers, software is available to convert the
measured error table to a compensation file and load the compensation file through an
RS-232 port to the controller.

45.1 Comp files for various controllers

A button is added in the analysis program for the generation of compensation files
compatible to most of the controllers, such as Fanuc and Siemens. First, open the
calibration file of the axis to be compensated by click on “analysis”, “open” and enter
the file name. Click on “Data Selection”, “displacement™” “analysis” and “error”, the
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positioning errors will be displayed on the screen. Click on “Save”, a screen will pop up
as shown below.

E‘%ﬂ' D

Open Save Graph Print Prev [ Exit
Position Measurement. Error Analysis [mm)  File=C:\lddm 279\5MK12 in Date :08/29/05
Machine :S5NK  §/N :Ultra-80L 2012 By :0PD
Start Position: (0.0.0]) End Position: [1000.0.0)
Total Travel = 1000.  Points =11 Mo of Runs= 2

Pressure: 75082 Humidity: 50.00  Air Temp: 26.12 Mz 2. Salect Save For... @

Max Emror:  0.000432 Min Error: -0.037287
[Position, mm[Run #1 [Run #2 O Fadal
0.0 0.000000 0.000000
100.0 -0.002240 0.000432 © LOMP.
200.0 -0.005349 -0 002283 315 emens
LI -0.007156 -0.005022
400.0 -0.009316 -0.008704 O Fanuc
500.0 -0.013527 -0.013935
O Mazak
6000 -0.016402 -0.017394
000 -0.021617 -0.023363 O Hitachi/Seicos
800_0 -0.025335 -0.028108 O sel
9000 -0.029167 -0.032453 siea
1000.0 -0.032534 -0.037287 O Anilam
1000. 0 -0.032534 | -0.037287
2000 —0.029724 ~0.035559% ¢ Mitsubishi, Meldas 64/65/66
800_0 -0.026261 -0.032367
O Fagor 8055780257800
000 -0.022831 -0.028757
600_0 -0.018129 -0.024066 O Heidenhain TNC
5000 -0.015372 -0.021493 3
400.0 -0.011893 -0.017365 Q Vicker 2100
300.0 -0.009269 -0.014934 O Agie
2000 -0.007089 -0.01338%
100_0 -0.004203 -0.010849 Q) Wardjet
0.0 -0.002520 -0.00%056

Fig. 4-5 Compensation File Selection Screen

Click on “Fadal”, “ok”, and enter a filename, a comp file with extension .svx, .svy or
svz for fadal machines will be generated. Click on “comp” and “ok”, another screen
will pop up as shown below.

'ﬁ Analysis - [Linear] - |F X
2. File Data Selection Analysis Help - =X
= H & v o D
(O REEVRCIELLN COMP Output Parameters
Position Measure Unit n Date :04/21/2000
Machine :Fadal "'
Start Position: (-2 in: @ mm O
Total Travel = 40
Pressure: 30.05 ITE =1.000009
Max Error: 0.003( Increment: l:l —Awverage Over 00176
Position,in |[Run #1 Reference: Il] Forward (&
-20.0 0.0000 Reverse O
o FRFTTTT, Comp Unit:|0.0001 T e
-18.0 0.0000¢ Start Address:|10000
-17.0 0.00014
-16.0 0.0002% Comp Algorithm — Travel Direction
7123 ggggij Forward (= Positive (&
o D006 Reverse O Negative O
-12.0 0.0006: St
1.0 0.0007: C':;"pg'g'tsq R Change Sign I
-10.0 0.0008! s i
-9.0 0.00097
8.0 0.00094 | OK | | Cancel I
-7.0 0.00111
-6.0 0.00124
-5.0 0.00136
-4.0 0.00131
3.0 0.00154 =

Fig. 4-6 Compensation Input Parameter Screen
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Select in or mm unit for the comp file while the data file can be either in English or
Metric unit. Select a increment for the comp file. The increment may or may not be the
same as the data file. Select a reference point, compensation unit, start address, comp
algorithm and travel direction based on the controller’s requirement. For multiple-run
data, select the average over forward, reverse or both. After all the parameters are
selected, click “ok” and enter a filename, a comp file with extension .CPF will be
generated. To view the compensation file, click on “file” and “Start Notepad”, then
enter the file name. A sample comp file is shown below.

= Analysis - [graph] ME
=| File Help

Position Error
0.0z
1F
0.001 — = T ’X
- e P - ;1B
—_— | [
0.000 M "'f/;\\“ AN
- a mo e 1307 / A 230
e . G N ) 2B
T T A ™
-0.0ai — | = 7 /,A — f IF
Hﬂ“\n - N
- _lc.:*‘df_— Wf/ - s \
-0.002 - >
- _] . — "_'_hh"iz-\- _.-'/ \\v\\\\_ J.J')I 4F
o
-0.003 . / AN P
S / SF
-0.004 — s 5B
Position]rorm)
Pazition Errar - M ax deviation= 0.00104  Min deviation=-0.00351 +
Maching Mictor WMC2615  5/M 5047 Date:02/24/95
File=CALDDMMWICTOREZLIM - By :Rick *

Fig. 4-7 Linear Measurement Data Plot (Individual Plots together)
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5.0 Straightness/Angular Measurements

The Straightness/Angular Measurement setup is almost the same as the linear
measurement, with the difference being the need to define the orientation of the laser

head.

After clicking the Straightness Measurement Box on the Main Menu, you will be
greeted by the Straightness Measurement Data Screen. If the LDDM is not connected to
communication port, a message box will appear telling you that the LDDM interface not
found. Please check your connections and the LDDM reading on the display should
appear.

5.1 Straightness Measurement Main Display (Fig. 5-1)

='I Optodyne LDDM Laser Measurement I~

00% -«

Angle

1002

X Intenszity MTE Linit

[ ATC update [X MTE compenszated
Air M aterial

Temp. I:I Templ Run: Point: Poszition Difference
Preszure I:I Temp2 I:I
Humidity Alphalg 67 | 0%

Material | E

‘ Setup ‘ ‘ Reszet ‘ ‘ Start ‘ ‘Save Data

‘ Main ‘ ‘Anal}lze ‘ Cancel ‘ Help ‘

Fig. 5-1 Straightness Measurement Main Display

The display, in the straightness mode, shows the linear distance traveled on the top line,
and the difference between LDDM #1 and LDDM #2 for the second line. If this second
line value is divided by 1.1 (inches) or 27.94 (mm) then the value is in radians. When
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you look at the outgoing laser beam aperture positions on the front of the laser head,
LDDM #1 is the one closer to the center of the laser head, LDDM #1 is the one closer to
the center of the laser head.

Choices on the Main Display are as follows:

Intensity: Align your system visually according to the User’s Guide, then check your
alignment by clicking on this box. A blue bar will appear the in-between the Laser
Position window and the Target window. This blue bar will range from between 0 and
100%. Please make sure that the intensity is at least 40% over your whole run. Press the
intensity box again to return the system to its original state.

The two boxes next to the Intensity box show the Pressure and Temperature that the
Processor Box is reading. If you have an ATC probe, these numbers will be continually
changing. If you do not have an ATC probe, the values will be 68 degrees and 29.9 inHg.
When the Intensity Box is clicked on, these values will disappear.

ATC update: The ATC update updates the air pressure, air temperature and material
temperature readings from the processor box. The MTE value will be calculated from
these updated values and Alpha material coefficient. A X mark will appear when the
ATC value has been updated correctly for the next measurement.

MTE compensated: To show compensation for Material Thermal Expansion, please
click the box to show the X mark. If the X-mark does not appear on the screen, the
displacement value will show only environmentally compensated values.

MTE: The MTE value can be manually changed in this box.

Unit: This box, when clicked on, will allow the user to change between the inch and
metric systems.

Digits: Clicking the left arrow will decrease the amount of digits shown (data will still
be taken to 6 digits). Clicking the right arrow will increase the amount of digits shown
(max 6).

Air/Material Environmental, Alpha Boxes: Values may be entered in the Air
Temperature and Pressure boxes for those people who do not have an ATC probe.
Humidity should be entered for all users of the LDDM system. The Material
Temperatures are averaged together to get the MTE coefficient value. The material alpha
can also be manually changed if the material list does not include the material of the
machine being calibrated.

Run: Point:, Position, Difference: The values in these boxes are during a
measurement. They show the Run number that you are taking (up to 7), the point
number, the target position, and the difference between the LDDM reading and the target
position.
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The percentage bar shows how much of the current measurement is done.

For automatic measurements, a stoplight will appear. The green light indicates that the
program is ready for the system to go to the next data point. The yellow light indicates
that the retroreflector has dropped below the velocity threshold and is waiting for the set
delay to complete. The red light indicates that the system is taking the data point.

Material Box: The material list and their corresponding alpha values are listed here.
Click the mouse on the down arrow and a list of materials are shown. Please choose from
the material list or enter your own value to the alpha box above.

The dialog box is just underneath the material box. This box tells you messages and
describes the actions you are taking.

Buttons at the bottom of the screen:
Main: exits the linear measurement package and loads the main menu.

Analyze: exits the linear measurement package and enters the analyze data package. A
box will appear asking if the current module should be unloaded. Please type Yes unless
you are taking a flatness measurement.

Cancel: Allows the cancellation of a measurement if it has gone out of alignment, or if
something went wrong.

Setup: Opens the setup window, where measurement specifications may be edited or
viewed.

Reset: Using this key allows for the reset of the LDDM. This key will also change the
mode of the processor box to the current measurement type, i.e. if the processor is
manually switched to a dual-beam mode while the program is in the linear measurement
mode, the reset will return the processor to the linear measurement mode.

Start Measurement: This button starts the measurement defined in the setup window.
Save Data: This button will allow for the data storage of the last measurement taken.
The Laser Position window shows the current position of the retroreflector. This value

always shows a value compensated for air temperature, pressure and relative humidity,
but may or may not be compensated for MTE (if MTE compensated box is clicked on or

off).

The Angle window shows LDDM#1-LDDM#2 at the position of the retroreflector. This
value, when divided by 1.1 inches or 27.94 mm, is the angle in radians.
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5.2 Straightness Measurement Setup Screen (Fig. 5-2)

To input information: Please move the mouse pointer over the box on which you wish to
change the information. The mouse pointer will turn in to a vertical bar. Two things may
be done:

1) Block the text. Hold the mouse button down and move over the text completely. The
text being blocked will become inverted in color (white on black). Type in the
information to be entered. The original text will be replaced by the new information.

2) Click the mouse button while the vertical bar is over the box. Use the arrow keys and
the delete key to erase the previous information. Then input the new information.

“ Straightness Setup o sl
I T Identification " Straightness Measurement taoeh
| Machine |Machine Center | X ¥ ; F
- |12345 | Start Position (0 0 | [o |
| End Paosition [40
By [OPD |

Znd Axis Stairt

Date |11/04/03 Znd Axiz End

Humber of Points IEI Mumber of Runs I:I

" Laser head Direction/Measurement Axis | [ Forward Only [ Positioned by Equal divisions
Clz-Ans

{8 Dual Beam () 2 Laser Heads
ZndAvis OX Oy OZ

Laser head separation EI Verify/E dit |
X ATC Board [ ATC Update Continuously
() Manual @ Automatic () On the Fly

& e | Auto measurement
O x-Axis / \C’ v-Axis Target Window inch
| Rotate Axis I Trigger dwell D SEC
- == Vel Threshold
‘ [ Reverse Orientation [~ Backlash
i Fifinbs; ek ety G fuin ‘ | Mew Config File | Save Configuration Cancel ‘ (114
I

Fig. 5-2 Straightness Measurement Setup Screen
Identification Box:
The identification of the machine, i.e. the machine type, serial number, the person doing
the calibration, and the date, is entered here and is saved in the data file. The date is
automatically entered using the computer system date.

Laser head direction/Measurement Axis Box:

1) Choose which axis the lasers are pointed in (X, Y or Z axis). In Fig. 5-2, it is the X-
axis.
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2) Double click the X-axis, Y-axis or Z-axis axis button until the red beams are pointing
in the direction that the laser is pointed in referenced to the machine. The axis labels on
the screen designate the positive direction of the machine. In Fig. 5-2, the laser is
pointed in the positive x-axis. Click the Rotate Axis to rotate axes orientation to match
with the machine coordinate.

3) Choose the axis of the straightness measurement. The two beams of the laser head are
in the same plane of the straightness measurement. In Fig. 5-2, the two beams are
aligned with the y-axis.

4) LDDM #1 (beam #1) is designated by the laser beam exiting closest to the center of
the laser head. On the machine, visually place the axis that is being measured linearly
between LDDM #1 and LDDM #2. If LDDM #1 is on the positive side of the
straightness axis, click on the positive straightness axis. If LDDM #1 is on the negative
side of the straightness axis, click on the negative straightness axis. In Fig. 5-2, LDDM
#1 was found to be in the negative side of the y axis while measuring the x axis linearly.

5) If the laser head is moving, switch the sign of the dot in the straightness axis. In Fig
5-2, if the laser head was moving, the dot would be now placed on the +y axis.

These 5 steps will ensure that your straightness measurement will truly reflect what the
ways of the machine are doing to the travel. If you set these steps up incorrectly, the only
difference in the measurement will be that the graph should be turned over (change the
sign). The actual straightness values will be unchanged.

6) If the laser head is mounted up side down or in a reversed orientation, click the box on
Reverse Orientation. This will correct the small divergence of the two parallel beams.
The value of the beam divergence is set in the LDDM.ini file. A typical beam divergence
15 0.0002 m/m or R =-0.0002.

Straightness Measurement Box:

Start/End Position: Please enter the starting and ending coordinates from the machine
here for the axis to be measured.

Number of Points: Counting the zero point as the first point, please enter the number of
points for the run.

Number of Runs: Choose the number of runs for this measurement, 1 through 7.
Verify/Edit: Click on this button to see the data acquisition setup. Make sure that your
increments are correct. If there are increments to be changed to an irregular interval, you

may edit the box.

Forward Only: Click the box to an X mark if the measurement is to be forward only.
Leave the box blank if it is to be a bi-directional measurement.
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Dual Beam or 2 Lasers: For dual-beam laser head, click on Dual Beam, the laser beam
separation will shown 1.1 in or 27.94 mm. For 2 laser heads pointing in the same
direction, click on 2 Laser Heads and the 2" axis same as the 1* axis. Then enter the
Laser head separation in inch or mm ( For standard box, the separation is 2.51” or
63.754 mm). For 2 laser heads pointing in two different directions perpendicular to each
other, click on 2 laser heads and the 2" axis different from the 1*' axis. Then enter the
2" axis start position and 2" axis end position. For this case, the data collection is
based on the 1% axis and the 2" axis reading will be collected at the same time as the 1*
axis. For automatic data collection, it is important that the 2" axis is stopped before ( or
within the dwell time ) the 1 axis is stopped. To analyze the data, open the .str file then
click on the displacement 1 and save. Enter a new file name. The 1* axis displacement
data will be saved in a .Lin file. Similarly, click on the displacement 2 to generate a .Lin
file for the 2" axis.

ATC Board: If you have an ATC board, please click the mouse here and make an X
mark. If you do not have an ATC board, please make sure that there is no X mark there.
To manually set the speed of light correction, click the ATC board on and off, then enter
the barometric pressure in mmHg and the air temperature in °C. The barometric pressure
and air temperature values will be reset to 760 and 20 automatically once leave the
program to avoid possible double correction

Please choose the type of measurement you wish to take:

Manual: The Start Measurement button will turn into a "TAKE" button after the
measurement begins. At every collection point, this button will have to be pushed.

Automatic: The software will collect data every time the retroreflector comes within a
"Target Window", drops under a certain velocity and sits still for a designated dwell time.

On-the-Fly: The software will automatically take data as soon as it is sensed that the
retroreflector is within the "Target Window" of the target position.

Auto Measurement Box:

Target Window (automatic and on-the-fly):  For automatic and on-the-fly
measurements, being within this value of the target position allows the software to take
data. For on-the-fly measurements, the maximum speed is 10 times the target window.

Trigger dwell (automatic only): For automatic measurements, the settling time of the
machine (typically 3-5 seconds) is entered here. Choose a value of at least 2 seconds less
than the programmed machine dwell time.

Vel Threshold (automatic only): This is the threshold that the retroreflector must drop
underneath so that a data point can betaken.
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Backlash (automatic only): If the box has an X, backlash at the end and beginning of
each run (other than the first point) will be taken. The distance necessary to remove the
backlash and allow the software to re-trigger is twice the target window.

New Config File: You may load a previous configuration file if you have one for this
particular machine.

Save Configuration: This updates the LDDM.2CF file so that the data seen on the
screen will appear each time LDDM for Windows is run.

Cancel: Cancel the above changes and revert to the previous values.

OK: Settings are ok for this measurement. If you saved this setup as the default, it will
come up first every time, otherwise the previous setup will re-appear next time the
program is run.

5.3 Example of a Straightness Measurement

Straightness Measurement Main Display (See Fig. 5-1):

1) Check your units in middle right hand side. If it is not the correct type, click on the
icon.

2) Click the Intensity button on the middle left hand side. Align the laser
head/retroreflector according to the user's manual, using the intensity bar reading as a
guide. After alignment, click off the Intensity.

3) Click once on the Setup icon on the bottom row of icons.
Straightness Measurement Setup Screen (See Fig. 5-2):

4) Setup your system information on the upper right hand side of the machine. Input the
identification of the machine you are calibrating. To type the text, please move the arrow
of the mouse pointer until it turns into a text cursor (an up and down line). Or please hit
the tab key until one of the text boxes is highlighted. Type your machine data in.

5) Enter the axis of measurement by clicking the appropriate box on the bottom left
graph (X, Y, Z and laser head orientation). Also choose the axis which best describes
the position of the LDDM#1 laser beam on your dual beam laser head, compared to your
machine.

6) Enter the machine coordinates that you wish to calibrate in the upper right corner.

7) Enter the number of points, including zero, that you wish to calibrate. E.g. For a
ten inch run, with 2 inch increments, enter 6.
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8) Enter the number of runs (typically 7 for NMTBA, or 4 or VDI, ISO and at least 1
run for BYS)

9) Press the Verify/Edit button to see the increments. You may manually change these
increments if you would like to.

10) If you are manually changing the values, make sure that the Positions Equally
Divided box is clicked off to show: Positions As Shown Below.

11) Change the # of points as necessary to achieve the correct increment that you desire
(Press Verify/Edit to check again).

12) Choose Forward Only or Bi-Directional runs.
13) Click on the ATC board if you have one.

14) Choose your type of measurement:

Manual
you may: 1) Hit the <Enter> key at each point, or
2) Click the mouse on Take at each point
Automatic

To collect data automatically, you will have to program the machine controller to do 2 or
3 things: to move in a certain increment with a delay time in-between movements (3-5
seconds recommended), and add a backlash movement that is greater than double the
target window (backlash is optional).

The following information will be necessary for Automatic measurements:

Target Window: This tells the computer a distance window around the target position
where the computer is allowed to take data. This value is related to the backlash needed
(see below). A typical value is .001 inch or .02 mm, depending how tight your machine
is. The backlash movement of the machine must be at least double this value.

Trigger Dwell: Set this value for two seconds less than the machine delay time for each
point.

Velocity Threshold: This value keeps the risk of false triggering down. A good value to
use 1s 0.01 for inches, 0.1 for metric.

Backlash: Check here if you want to account for backlash. The backlash at the
beginning and end of each forward/backward run has to be at least TWICE the target
window value.
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On-the-Fly: For On-the-Fly Measurements the user must enter the number of points and
the start/stop coordinates. The user will then move the retroreflector under a certain
maximum speed equal to 10 times the target window. The program will automatically
take data as the machine moves along.

The following information is necessary for On-The-Fly Measurements:

Target Window: The Target Window is set for variable speed control. It is, of course,
better if you move your retroreflector slower, but for a quick overall check of an axis, that
is unnecessary.

15) Saving the Configuration file

Save this configuration file by clicking the Save Config File Icon. Type the name of the
file which you would like the setup saved to (usually the name of the machine). Press
<Enter> or OK after typing it in.

The program will ask you if you would like to save the file, press Yes.

The program will then ask if you want to use this file as your default. If you press Yes,
this setup will be loaded every time that the Straightness Measurement Module is loaded.

To load a configuration file next time, click on New Config File. You may either:
1) Click on the file name and press OK
2) Double click on the file name
3) Type the name of the file name, example: LDDM.2CF and hit <Enter>.
16) Press OK to get back to the main screen.
Taking Data Points for a Linear and Straightness Measurement (Fig. 5-3):

17) Press ATC update (X) to update the values if you have an ATC probe hooked up to
the Processor Module.

18) Edit the Humidity Value as necessary.

19) Choose your material from the list given. Press the Down arrow key and you will
get a list, press the Down arrow, or PgDn key from there to scroll down.

20) Choose the number of digits on the upper right hand side of the screen you wish the
screen to display.
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21) Move your retroreflector to the beginning of your run. Click on Start.

Manual: If you are manually operating the laser/machine, press the designated key to
take data as shown (after you move the machine). Also, if you would like to change the
target position, you may do so in the value box located in-between the run information.

Automatic: If you are running the automatic program, you will see a stoplight appear.
The red means that the conditions for a measurement have been met (inside the target
window, and the velocity is lower than the given one), yellow means that the delay is
being counted and the green means that the data has been collected and the program is
waiting for you to move to the next point (Fig. 5-3)

On-The-Fly: If you are running the On-The-Fly program, you will also see the stoplight
appear. The light will turn red when a data point is taken and green when it is ready to
take another data point. If you move faster than the target window allows for, you will
hear a continuous beeping noise. Please move the retroreflector backwards until the
beeping stops, then move it forwards again.

='I Optodyne LDDM Laser Measurement I~

Laser Pozition

0.0000

[ Intenzity 2988 7457 | MITE Unit

[ ATC update [X MTE compenszated
Air M aterial

Temp. [7457 || | Templ [74 44 Run: 1 Point: 5 [4.000000 | 0000809

Prezzure I:I Temp2

|

Humidity Alpha(12 pog I 1%
M aterial | E
Start measurements
‘ Main ‘ ‘ Analyze ‘ Cancel ‘ Setup ‘ ‘ Reszet ‘ Take ‘ Save Data ‘ Help ‘ |

Fig. 5-3 Automatic Straightness/Linear Data Collection
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23) After all the data is taken, press OK to save the data, or Cancel to not save the data.
24) To save data, type in the filename to save and hit <Enter> (the extension is
automatically saved as .STR). You may also save collected data by pressing the save

data button, and follow the procedure above.

25) To analyze the data click on the Analyze button. When it prompts you, unload the
module, unless you are taking a flatness measurement.

5.4 Straightness Data Analysis Menu

= Analysis - [Straightness] B
File Data Selection Analysis Help

Adjuzted Straightness, Emmor Analpsiz [in]  File=C:ALDDMACIN.STR  Date :02/12/95
Machine :S5tack Router 5/NM -4343A01920003 By :Cincinnati Milacron

Start Position: [ 0. 0. 0] End Position: [ 164, 0, 0]

Total Travel = 164 Pointz = 165 Mo of Buns= 2

Prezsure: 29.84 Humidity: 50.00  Air Temp: 69.72 Matenal Temp: 6514

Max Error: 0.000189 Min Error: -0.000435 Mean: -0.000086

Pozition,in|Bun #1 i

o.n 0. 000000 -
i.0 -0. 000005
2.0 -0.000013
3.0 -0.000021
4.0 -0.000028
5.0 -0.0000343
6.0 -0.000039
7.0 -0. 000045
8.0 -0. 000052
2.0 -0.000058
10.0 -0. 000062
11. 0 -0. 000065
12.0 -0._ 000070
13.0 -0. 000076
14.0 -0.0000%83
15.0 -0. 000090
16.0 -0. 000095

E— S — il

Fig. 5-4 Straightness Measurement Data Analysis Table

Under the File Menu, you can open a new data file, save a data file, set your printer
type, set your printer style, or return to the main menu. When loading a file, choose the
files with the extension of .STR for straightness. You can only print data tables using
the print function under this heading.
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Under the Data Selection heading, you may choose displacement data, angle data,
straightness data, and adjusted straightness data when looking at a straightness (.STR)
file.

Under Analysis, you can choose Error, NMTBA, NMTBA with Zero Shift, VDI 3441,
ISO ASME B5.54 or ASME B5.57 for different types of data manipulation. After
choosing Error, you will be given a choice on what you wish to see, Runs #1-7, and

forward or backward. Click with the mouse button on which runs you wish to see.

The following icons have the following function in Analysis:

. | Open a new data file.
E Save a data file.

Graph a data file (After graphing, you may also change the scaling of the graph by
checking X on adjust grid).

Print a data graph (for printing data tables, use the Print option under the “File”
heading)

i .
E Moves to the previous screen.

E Moves to the next screen.

Exits the program.
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= Analysis - [graph] ME

=| File Help -

[ [

Ldjusted Straghtness

0.0002

|/
AR
S NS AN P S
. W\ 7/
\ 1/ |

S
-0.000%
Position]in)
Adjusted Straightness  Max deviation= 0.000189  Min deviation=-0.000435 L
Machine :Stack Fouter 540 (4343401920003 Date:02412/35
File=C:ALDDMACIN.STR - By :Cincinnati Milacran *

Fig. 5-5 Adjusted Straightness Measurement Data Plot

A typical straightness data plot is shown in Fig. 5-5.
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5.5 Straightness Display

The straightness measurement here is very accurate and sensitive. However, for the
alignment of a long guide rail. It is desirable to display the straightness for real-time
adjustment of the rail. The straightness display is designed for this purpose. Click the
straightness Display box in the main menu, the screen will show the straightness Display
below:

%, Straightness Laser Display
Lazer Position
Digits
-
Straightneszs
[ Intensity Unit | inch |
Increment: I:I 0
na
0.6
Target Window: D 04
Trigger Dwell: SEC 07
¥el Threzhold: D'DD :
Laser head separation El
Main Start

Fig. 5-6 Straightness Display Screen

The straightness displayed is calculated by integrate the measured angle times the
increament and minus the off-set. Hence the straightness value displayed will be a
constant between the increment.

Increment : Enter the increment value. Typical values are from 0.1 to 10 inches.
Off-set : Enter the end-point straightness value in the straightness measurement. For the
first measurement, enter 0.000001. After the first measurement, enter the end-point value

obtained from the display. A correct off-set value will set the end-point value to zero.

Length : This is the length of total travel Target Window. Trigger Dwell, Vel.
Threshold and Laser head separation are the same as in previous sections. To start, align
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the laser head and the dual-retroreflector properly and move the dual-retroreflector to the
zero position then click the start box. Similar to the straightness measurement discussed
before, move the dual-retroreflector to the next increment, the data will be taken
automatically and display on the screen. The first line is the position and the second line
is the measured straightness, as show below:

%, Straightness Laser Display

10.0023220#
0.0013493

[ Intensity g Unit ok |

Lazer Position

Straightneszs

Increment:

o N

DOffset: .0oooom

Target Window: D el

Trigger Dwell: SEC 0.0005+

¥el Threshold: oooop et —
Laser head separation El . CEEE R R

Fig. 5-7 Straightness Display Without Offset

You may move the dual-retroreflector back and forth, do a real-time adjustment on the
rail, and display the straightness again.

Please note that the offset value may be changed after some real real-time adjustment on
the rail. You may enter a new off-set value based on the end-point readings (add the end-
point readings to the existing off-set value) .

After the rail is aligned, use the previous straightness measurement to collect straightness
data and verify the straightness.

After clicking the Flatness Measurement Box on the Main Menu, you will be greeted by
the Flatness Measurement Data Screen. If the LDDM is not in the correct port, a box
with the port choice will appear asking you if the LDDM is connected to COM1 or
COML2. Please enter the correct choice. If the LDDM is not connected, a dashed line will

LDDM Software Manual 5-15



appear in the Laser Position section of the window. Please check your connections and
the LDDM reading on the display should appear.
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6.0 Flatness Measurements

After clicking the Flatness Measurement Box on the Main Menu, you will be greeted by
the Flatness Measurement Data Screen. If the LDDM is not connected to communication
port, a message box will appear telling you that the LDDM interface not found. Please
check your connections and the LDDM reading on the display should appear.

6.1 Flatness Measurement Main Display (Fig. 6-1)

Optodyne LDDM Laser Measurement

0.000004
-0.000001

Lazer Position

[ Intensity 2979 7376 MIE 9959?9 Unit
[ ATC update [® MTE compenzated Flatnes: measurement path
Air M aterial P
Temp. |73.76 Templ 7376 o &
D1 cC2
Preszure [2q9 7q Temp2 I:I O pa P2
Humidity Alpha O
M aterial |
B D2
Thermal expansion will be compensated @ ® P3
‘ Main ‘ ‘ Analyze ‘ Cancel Setup ‘ Reset ‘ ‘ Start ‘ ‘ Save Data ‘ Help ‘ |

Fig. 6-1 Flatness Measurement Main Display

The display, in the straightness mode, shows the linear distance traveled on the top line,
and the difference between LDDM #1 and LDDM #2 for the second line. If this second
line value is divided by 1.1 (inches) or 27.94 (mm) then the value is in radians. When
you look at the outgoing laser beam aperture positions on the front of the laser head,
LDDM #1 is the one closer to the center of the laser head.

Choices on the Main Display are as follows:
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Intensity: Align your system visually according to the User’s Guide, then check your
alignment by clicking on this box. A blue bar will appear the in-between the Laser
Position window and the Target window. This blue bar will range from between 0 and
100%. Please make sure that the intensity is at least 40% over your whole run. Press the
intensity box again to return the system to its original state.

The two boxes next to the Intensity box show the Pressure and Temperature that the
Processor Box is reading. If you have an ATC probe, these numbers will be continually
changing. If you do not have an ATC probe, the values will be 68 degrees and 29.9 inHg.
When the Intensity Box is clicked on, these values will disappear.

ATC update: The ATC update updates the air pressure, air temperature and material
temperature readings from the processor box. The MTE value will be calculated from
these updated values and Alpha material coefficient. A X mark will appear when the
ATC value has been updated correctly for the next measurement.

MTE compensated: To show compensation for Material Thermal Expansion, please
click the box to show the X mark. If the X-mark does not appear on the screen, the
displacement value will show only environmentally compensated values.

MTE: The MTE value can be manually changed in this box.

Unit: This box, when clicked on, will allow the user to change between the inch and
metric systems.

Digits: Clicking the left arrow will decrease the amount of digits shown (data will still
be taken to 6 digits for inches, 5 for metric). Clicking the right arrow will increase the
amount of digits shown (max 5 or 6).

Air/Material Environmental, Alpha Boxes: Values may be entered in the Air
Temperature and Pressure boxes for those people who do not have an ATC probe.
Humidity should be entered for all users of the LDDM system. The Material
Temperatures are averaged together to get the MTE coefficient value. The material alpha
can also be manually changed if the material list does not include the material of the
machine being calibrated.

Flatness measurement path Box: This box shows which part of your flatness
measurement that is being done, or is to be done next. To change directions of the
measurement, please double-click the left mouse button on the circle next to the path you
would like to measure. As you move the retroreflector along the path, the red dot will
also move, showing the retroreflector position for this particular measurement.

For automatic measurements, a stoplight will appear. The green light indicates that the
program is ready for the system to go to the next data point. The yellow light indicates
that the retroreflector has dropped below the velocity threshold and is waiting for the set
delay to complete. The red light indicates that the system is taking the data point.
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Material Box: The material list and their corresponding alpha values are listed here.
Click the mouse on the down arrow and a list of materials is shown. Please choose from
the material list or enter your own value to the alpha box above.

The dialog box is just underneath the material box. This box tells you messages and
describes the actions you are taking.

Buttons at the bottom of the screen:
Main: exits the linear measurement package and loads the main menu.

Analyze: exits the flatness measurement package and enters the analyze data package.
For Flatness measurements, do not unload the module when prompted.

Cancel: Allows the cancellation of a measurement if it has gone out of alignment, or if
something went wrong.

Setup: Opens the setup window, where measurement specifications may be edited or
viewed.

Reset: Using this key allows for the reset of the LDDM. This key will also change the
mode of the processor box to the current measurement type, i.e. if the processor is
manually switched to a dual-beam mode while the program is in the linear measurement
mode, the reset will return the processor to the linear measurement mode.

Start Measurement: This button starts the measurement defined in the setup window.
Save Data: This button will allow for the data storage of the last measurement taken.

The Laser Position window shows the current position of the retroreflector. This value
always shows a value compensated for air temperature, pressure and relative humidity,
but may or may not be compensated for MTE (if MTE compensated box is clicked on or
off). The ATC or MTE compensation is NOT important for the flatness measurement.

The Angle window will show the angular value of the current position of the
retroreflector. This value when divided by 1.1 inches or 27.94 mm, is the angle in
radians.

6.2 Flatness Measurement Setup Screen (Fig. 6-2)
To input information: Please move the mouse pointer over the box on which you wish to

change the information. The mouse pointer will turn in to a vertical bar. Two things may
be done:
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1) Block the text. Hold the mouse button down and move over the text completely. The
text being blocked will become inverted in color (white on black). Type in the
information to be entered. The original text will be replaced by the new information.

2) Click the mouse button while the vertical bar is over the box. Use the arrow keys and
the delete key to erase the previous information. Then input the new information.

3) The P2 line of the graph always designates the "LABEL" side of the table. Please
note this when setting up the measurement.

'\ Flatness Setup e

=
Identification I Flatness Measurement T
Machine |Hachine Center |
SN |12345 | Table [54 | [2 |
By || | Measure |4B | |35 |
Date Foot-Spacer Size EI
[x [® Positioned by Equal Divisions

Lazer head zeparation I:I Verify/E dit

[ ATC Board [ ATC Update Continuously
(® Standard (" Long Strip [ 2 Laser Heads
) Manual @ Automatic (" On the Ely

“Auto meazurement

Target Window mm
Trigger dwell EI TEC
Vel Threshold

[ Backlash

Automatic Measurement

Cancel 1].9

Mew Config File ‘ ‘ﬁave Configuration

Fig. 6-2 Flatness measurement Setup Screen
Identification Box:
The identification of the machine, i.e. the machine type, serial number, the person doing
the calibration, and the date, is entered here and is saved in the data file. The date is
automatically entered using the computer system date.

Flatness Measurement Box:

Table, Length/Width: Enter the length and width of the table.
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Measure, Length/Width: Enter the size of the surface which is to be measured.

Foot Spacer Size: Depending on which foot spacer is to be used, enter 2, 4 or 6 inches,
or 50, 100, 150 mm.

Positions by Equal Divided: Make sure that this box is checked.

Verify/Edit: Click on this button to see the data acquisition setup. Make sure that your
increments are correct. If there are increments to be changed to an irregular interval, you
may edit the box.

Forward Only: All flatness measurements are automatically forward only.

ATC Board: Do NOT use the ATC Board when taking flatness measurements. Make
sure that no X appears in the box. The ATC Board is not important to flatness data
collection.

Please choose the type of measurement you wish to take:

Standard : The standard method is the Moody method or Union Jack method.

Long Strip : For a long surface plate, you may select the long strip method. Here
instead of 2 diagonals and 2 centerlines, there are 5 parallel lines and only one diagonal.
A total measurement of 8 segments is still the same.

2 Laser Head: for 2 laser heads (MCV-5000) click this.

Manual: The Start Measurement button will turn into a Take button after the
measurement begins. At every collection point, this button will have to be pushed.

Automatic: The software will collect data every time the retroreflector comes within a
"Target Window" and drops under a certain velocity. Automatic measurement is not
recommended for Flatness Measurements.

On-the-Fly: The software will automatically take data as soon as it is sensed that the
retroreflector is within the "Target Window" of the target position.

Auto Measurement Box:
Target Window (automatic and on-the-fly):  For automatic and on-the-fly

measurements, being within this value of the target position allows the software to take
data. For on-the-fly measurements, the maximum speed is 10 times the target window.
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Vel Threshold (automatic only): This is the threshold that the retroreflector must drop
underneath so that a data point can betaken.

New Config File: You may load a previous configuration file if you have one for this
particular machine.

Save Configuration: This updates the LDDM.3CF file so that the data seen on the
screen will appear each time LDDM for Windows is run.

Cancel: Cancel the above changes and revert to the previous values.

OK: Settings are ok for this measurement. If you saved this setup as the default, it will
come up first every time, otherwise the previous setup will re-appear next time the
program is run.

6.3 Example of a Flatness Measurement

Flatness Measurement Main Display (See Fig. 6-1)

1) At the Main Menu, click the left mouse button on Flatness.

2) When the display screen appears, check your units, make sure that the units
(inch/mm) are correct for your application.

3) Click the intensity box - an X and a blue bar under each measurement window will
appear. Please align your system according to the User's Guide so that the blue bars are
close to 100% over the complete path of measurement.

4) Go to the setup button and click the left mouse button.

Flatness Measurement Setup Screen (Fig. 6-2):

5) The setup screen will now appear, start with the upper left hand side of the setup
window; fill in your machine information.

6) Setup your table measurement specifications. Input the actual table dimensions
(Table), and the actual measured dimensions (Measure) for both length and width.

7) Choose your foot spacer size, 2, 4, or 6 inches.
8) Click on the Verify/Edit button to see if the diagonal travel is correct.

9) Positions Equally Divided should be clicked on at all times (due to the nature of the
flatness measurement).

10) Make sure that the ATC Board option is turned OFF.
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11) Choose the type of measurement (On-the-Fly is recommended and is the fastest).

12) For On-the-Fly measurements, the top speed of the retroreflector is 10x the window
size you choose. If the window is 0.1 inch, the top speed of the measurement is 1 IPS.

13) Save your configuration by clicking on the appropriate button on the bottom of the
screen. Type the name that you want to save it under and hit enter. The computer will
automatically add the correct extension to the file name.

14) Click on OK to save.

15) If you want this setup to be the default file (the setup that appears every time you
load the flatness program), click on Yes.

16) Press OK to return to the main screen.
Taking Data Points for an On-The-Fly Flatness Measurement (Fig. 6-3):

17) The measurement path (collection), by default follows the user's guide method on
page 9-7.

18) You can change the order of measurement by clicking the left mouse button on the
circle next to the run you wish to take. If you wish to change directions of your
measurement path, double-click the circle of the path you want to change directions on.
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Optodyne LDDM Laser Measurement

8.038893
-0.000022

Lazer Position

[ Intensity 2979 7376 MIE 9959?9 Unit
[ ATC update [® MTE compenzated Flatnes: measurement path
Air Material G‘ ] e
Temp. (7376 Templ (7376 o &
D1 cC2
Pressure [2q 7q Temp2 I:I & po P2
Humidity Alphal3g | o N P
M aterial | |E|
Frath::7:Bun: 1 Point: 4 Position: 12, 000000 O P3 __~
‘ Main ‘ ‘ Analyze ‘ Cancel ‘ Setup ‘ ‘ Reset ‘ Take ‘ Save Data ‘ Help ‘ |

Fig. 6-3 On-The-Fly Flatness Measurement Data Collection
19) Press Start when in position and carefully pull the retroreflector across the surface.

21) If you move too fast or miss a point, you will hear a series of beeps, then move back
until the beeps stop and continue with your measurement.

22) If you get the out of alignment message, find out what caused the message and fix it
(be it alignment, human error, etc.). Move back to the previous position and click on the
OK box. For automatic and on-the-Fly measurement, you will have to start that
particular run over.

23) If you wish to redo a line, you may do so by clicking on the line you wish to redo.
The resulting data will supersede the previous data.

24) After all of the lines have been taken, you may save the data by clicking on OK,
when prompted, and typing in a file name. The .FLT extension will be automatically
added to the filename.

25) You may also save the data after the run by pressing the Save Data key.
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26) To analyze the data, click on the Analyze Data key, do not unload the module when
prompted.

27) After viewing the table, you may want to immediately lap the surface that you are
measuring. To be able to revise old data you must do the following:

28) Choose Flatness at the main menu.
29) Choose Analysis and DO NOT unload the module.
30) Go to File and Load the file with the data you wish to recheck.

31) Keep pressing the up arrow button (or hit the ESC key) until you return to the
Flatness screen.

32) Click on Setup and make sure that the setup is the same. Hit OK after checking.

33) Choose the line which you wish to re-measure. Press Start and take your
measurement.

34) After the line is taken, click on Save Data and save your measurement.

35) Go back to Analysis and check your data.
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6.4 Flatness Data Analysis Menu (Fig. 6-4, 6-5, 6-6)

= Analysis - [Flatness] E
File Flatness Adjusted Flatness Isometric Plot Numerical Plot 8

achine -Gramit00l Air Temp.: f1.m Beam Separation: 1.1

5/N : 0000 Material Temp: 70.00 Footspacer: 4

Date : 0272495 Pressure: 2972 MTE = 999993

By : W _Dreier Humidity: a0. File=c:\Iddm91 2\ granite_Ht

Table Length: 46 Table Width: 36

Travel length: 40 Travel wadth: 32

Flatness: 0.000275 Closure Errors: E7=-0.000054 E8=-0.000026
Position,in __ [P4 [P3 P2 [P1 ] [c2 D1
0. 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
4. -0.000006 -0.000025 -0.000059 -0.000011 -0.000057 0.000027 -0.000
8 0.000071 -0.000015 0_000006 -0.0001 37 -0.000071 0.000043 -0.000
12 0.0D0062 0.000051 0.000027 -0.000094 -0.000041 0.000028 -0.000
16. 0.000039 0.000076 0.000022 -0.000027 -0.000015 0.000036 -0.000
20. 0.000051 0.000076 0.000028 0.000034 -0.000011 -0.000104 -0.000
24 0.000016 0.000029 0.000034 0.000035 -0.000036 -0.000077 -0.000
28. -0.000001 -0.000004 0.000026 -0.000027 -0.000071 -0.000052 0.000
32 0_.000000 0.000014 0_000000 0.000000 -0.000020 0.000000 0.000
36. -0.000004 0.000051 0.000032 0.000
40. 0.000000 0.000000 0.000000 0.000
44 0.000
48. 0.000
+«| | +

Fig. 6-4 flatness Measurement Data Table

Under the File Menu, you can open a new data file, save a data file, set your printer
type, set your printer style, or return to the main menu. When loading a file, choose the
files with the extension of .FLT for flatness. You can only print data tables using the
print function under this heading.

To view the Flatness table and graphs, first click on Flatness on the menu bar. This will
convert the data shown on the table to Flatness. Then click on the Adjusted Flatness
choice. This will convert the Flatness data into data that the Moody Method can handle.
From here you may view the Isometric (line) Plot, or the Numeric Plot.

The following icons have the following function in Analysis:

Open a new data file.
E‘ Save a data file.

Graph a data file (After graphing, you may also change the scaling of the graph by
checking X on adjust grid).
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Print a data graph (for printing data tables, use the Print option under the “File”
heading)

Moves to the previous screen.

E Moves to the next screen.

Exits the program.

= Analysis - [Flatness] ME
File Flatness Adjusted Flatness |sometric Plot MNumerical Plot

[Swls]

Flatess: ?5.1 Clozure Errors: E7=-53.5 E8=-26. [Umit in 0.000007 inches]

ez - 1300 T iﬁ'""i'l]i"'% """ 17 | | £
E 94 E o176
106 = 271 81
| 76. ; Rt |
n88 101 75 o2 i
5 122, 5 o127 5
184 R 247 .qga 57
164" - 125 T L1 S /| E 17 147
: ~7186 - :
181 -~ 155 92 152 150
: .- 106 : 184 :
151 e 108 e 151
! .~ 4B ! 202 !
139 .7 : 138
LT R 8 L1171 it I T 1 LT T |7 “107

Fig. 6-5 Flatness Measurement Numerical Plot

LDDM Software Manual 6-11



m Analysis - [Flatness] ==

; Flatness Adjusted Flatness |sometric Plot  Mumerical Data  Numerical Flot

E

chi :Surface Plate Air Temp.: 70.32 Beam Separation: 1.1
S/N - 1082-2 Material Temp: B Footspacer:
Date : 02724700 Pressure: . MTE = 9993938

By : David Kerr Humidity: 3 File=A:\1082-2 FLT
Table Length: 24 Table Width:

Travel length: 20 Travel width: 14

Flatness: 0.0002925 Closure Errors: E7=-0.0000277E8=-0.0000110 [inches]

Fig. 6-6 Flatness Measurement Isometric Plot

Using the Magnification box in the lower right hand corner, you may increase or
decrease the magnification of the graph. Enter a value and press <Enter>.

6.5 Revising Old Flatness Data Files

An excellent time saving feature in Flatness is the ability to revise old data files without
having to reshoot a whole table. To revise an old data file, the following steps must be
taken:

1) From the Main Menu, click on Flatness.

2) In the Flatness Main Display, click on Analysis but do NOT unload the program.

3) Load the file to revise (choose the flatness, .FLT, files)

4) Click on the Up arrow (or press the ESC key) until the Flatness Main screen
reappears.

5) Align the laser, choose which line is to be re-shot, and click on Start.
6) After the data for that run is taken, press Save Data or repeat step 5 for another line.

7) The new data and graphs can now be viewed in Analysis.
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7.0 Squareness Measurement

After clicking the Squareness Measurement Box on the Main Menu, you will be greeted by the
Squareness Measurement Data Screen. If the LDDM is not connected to communication port, a
message box will appear telling you that the LDDM interface not found. Please check your
connections and the LDDM reading on the display should appear.

7.1 Squareness Measurement Main Display (Fig. 7-1)

Optodyne LDDM Laser Measurement

-0.0003890

Detector Orientation/Meazurement Axis

x-deviation

Digits
- -

y-deviation

@
- ~ Axis

/.
’T Point

- +x -Dy -Dz 0

Target

Optodyne 0%

Setup ‘ Reszet ‘ ‘ Start ‘ ‘ Save Data

‘ Main ‘ ‘Anal}lze ‘Eancel ‘ Help ‘

Fig. 7-1 Squareness Main display

The display, in the squareness mode, shows the deviation in inches or mm of the laser beam
incident on the quad detector. The deviation in the quad detector's x and y axes are shown.

Choices on the Main Display are as follows:
Detector Orientation/Measurement Axis Box:

This box describes what axes your squareness measurement is currently taking, and if
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modifications are necessary during the measurement (a setup was chosen poorly), then it can be
corrected here.

The Red dot signifies the laser head/origin of the laser. The square with the two arrows
designates the quad detector and its two inherent axes. The +x, +y, and +z designate the machine
axes.

The right hand side of the screen shows:

Unit: This box, when clicked on, will allow the user to change between the inch and metric
systems.

Digits: Clicking the left arrow will decrease the amount of digits shown (data will still be taken
to 6 digits). Clicking the right arrow will increase the amount of digits shown (max 6).

The Countdown box shows the number of points left to collect before an average value is
calculated.

The Axis box shows what axis is being measured.
The Point box shows you what point is being measured.
The Target box shows the machine coordinate where the quad detector is supposed to be.

The two graphs on the right-center of the screen will show the data of the quad detector during a
measurement. This will be updated after each data collection.

The measurement bar under the graphs shows what percentage of the total measurement has been
completed.

The Dialog box is just underneath the Detector Orientation box. This box tells you messages
and describes the actions you are taking.

Buttons at the bottom of the screen:
Main: exits the linear measurement package and loads the main menu.

Analyze: exits the flatness measurement package and enters the analyze data package. For
Flatness measurements, do not unload the module when prompted.

Cancel: Allows the cancellation of the previous point or the whole measurement if something
has gone wrong.

Setup: Opens the setup window, where measurement specifications may be edited or viewed.

Start Measurement: This button starts the measurement defined in the setup window.
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Save Data: This button will allow for the data storage of the last measurement taken.

The Laser Position window shows the current position of the quad detector.
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7.2 Squareness Measurement Setup Screen (Fig. 7-2, 7-3)

To input information: Please move the mouse pointer over the box in which you wish to change
the information. The mouse pointer will turn in to a vertical bar. Two things may be done:

1) Block the text. Hold the mouse button down and move over the text completely. The text
being blocked will become inverted in color (white on black). Type in the information to be
entered. The original text will be replaced by the new information.

2) Click the mouse button while the vertical bar is over the box. Use the arrow keys and the
delete key to erase the previous information. Then input the new information.

= Squareness Setup . _ 0] x|

" Identification " Detector Onentation/Meazurement Axis O

O - O o«

+p +Dx -Dz O ¥

Machine |Hachine Center |

Meazurement 2

(® Quad detector move /
O

S /N |1 2345 |

By |I]PD |

) Lazer head move

10/30/03 . O
Date Botate Axiz i

[ iHearttes: Iemen Unit: inch Meazurement 1. x-Axis |2. *p-5qr
() Straightness Direction +X +y
Quad Ornientation|-Dy -Dz 0 +Dx -Dz 0
@® Squareness Start Pozition ] ]
! Three Squareness End Position 10 g
. Mo Points b 3
:,',';',':;:‘,‘,;'“'“he' s Pt 00000000 0.0000000
SRR | = oo o
A Bcam Bende Pt 14 6.0000000
Pt #5 8.0000000
Pt #6 10_000000C

: Humber of Runs li Positions Equally Divided
® Aut k Int II1I] vI
™ Automatic Interva X Forward Onp

Yiew or Edit Positions to be measuredl ‘ Hew Config File ‘ Save Configuration ‘ LCancel ‘ oK

Fig. 7-2 Squareness Measurement Setuup Screen (Leg 1)
Identification Box:
The identification of the machine, i.e. the machine type, serial number, the person doing the

calibration, and the date, is entered here and is saved in the data file. The date is automatically
entered using the computer system date.
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Squareness Measurement Box:

Choose which type of measurement you would like to take: Straightness, Squareness or Three
Squareness.

Minimum Number Data Averaging: Choose the number of data points to be collected and
averaged together.

Automatic Data Collection: Click this button for automatic data collection based on a time
interval. Select a time interval from 1 to 60 seconds.

Optical Square Error: If the error of your optical square (LD-16) is known, enter it here in
microradians. If you error is specified in arcseconds, multiply the value by 4.8 and enter it here.
Enter 0 if you do not have your optical square calibrated.

If you have chosen Three Squareness, you will be asked to enter your second optical square
value.

Detector Orientation/Measurement Axis Box:

This is critical for getting correct squareness results. The x, y, and z axes seen on the graph
indicate the MACHINE axes. The box with the two arrows indicates the QUAD DETECTOR
and its axes. The red dot indicates the LASER HEAD.

Rotate Axis: The default coordinate is z-axis in the vertical direction. For machine with y-axis
in the vertical direction, click the “Rotate Axis” once. For machine with x-axis in the vertical
direction, click the “Rotate Axis” twice.

Measurement 1: This button is to be pressed after setting up the values for the first leg of the
measurement. For straightness measurements, there is only 1 leg to be measured. For
squareness measurements, 2 legs are required. For three-squareness measurements, 4 legs must
be measured.

Quad detector/Laser head move: For this leg, choose which is to be moving. You may NOT
move or tilt the laser head after the first leg, the reference line would be lost.

Setup the graph according to the way the laser is setup on the machine. Rotate the quad detector
arrows so they correspond to the axes of the machine.

Measurement box: The Direction and Quad Orientation boxes are automatically filled in when
the graph axes are chosen. Enter your MACHINE Start/End coordinate, plus the number of
points (including the start and end points).

Verify/Edit: Before pressing the Measurement button in the Detector Orientation box, press
verify view to see if the machine coordinates selected are correct.

Number of Runs: Enter the number of runs, up to 7 runs.
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Positions equally divided: If the point values in the measurement box are okay, put an X in the
box here. If you would like to change the stop coordinates to what you want, do so and click the
box until the X disappears.

Forward only: For bi-direction runs, unclick this button.

When you are done setting up the first leg, click the Measurement button and set up the next leg
(if applicable) and repeat the previous steps. Please note the following change:

=| LDDM Setup BE
Identification Detector Onentation/Measurement Axis

Machine +p Dz DxL

|Hycenter2 | - ®

o -~
S /N |?EII]I]4E4 | Measzurement 2 |
By |Hua Pham | () Quad detector move | &
W

Date 12421495 (8 Lazer head move I

Linear Measurement

Unit: inch Meazurement 1. x-Axis |2. xy-5Sqr
() Straightness Direction +X +y
Quad Onentation|-Dy -Dz L |-Dz -Dx L
® Squareness Start Position | 0 10
() Three Squareness End Poszition -20 0
- = Mo Points 2 2
M Humber dat
avoraging oo P 0.00000  -10.00000
Error, pRad Pt #2 -20.00000 0.00000
90* Beam Bender

[¥ Poszitions equally divided Yerify/Edit

o ]

Select Quad Detector Orientation
‘ Mew Config File ‘ ‘Save Configuration

‘ Cancel

Fig. 7-3 Squareness Measurement Setup Screen (Leg 2)

For the second leg, the graph in the Detector Orientation box will bend 90 degrees. Make sure
that it is set up correctly.

New Configuration: You may load a previous configuration file if you have one for this
particular machine.

Save Configuration: This updates the LDDM.3CF file so that the data seen on the screen will
appear each time LDDM for Windows is run.
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Cancel: Cancel the above changes and revert to the previous values.

OK: Settings are ok for this measurement. If you saved this setup as the default, it will come up
first every time, otherwise the previous setup will re-appear next time the program is run.
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7.3 Example of a Squareness Measurement

1) At the main menu, click the left mouse button on Squareness.

Squareness Measurement Main Display (Fig. 7-1)

2) Check your units (inch/mm), change them by clicking on the button.
3) Go to the setup screen (Click on Setup at the bottom of the screen)
4) Enter your machine information and ID.

5) Enter the type of measurement, Straightness, Squareness (1 optical square), or Three-
Squareness (2 optical squares).

6) Enter the number of data points you would like to average over. (10 data points/second)
The more noisy an environment, the longer you will want to average the data (around 1 minute,

600 data points at maximum)

7) Enter the known errors (in microradians, 1 microradian = 4.8 arcseconds) of the optical
squares or 0 if not known.

8) The Setup Graph: Enter the first axis with the ball being the position of the laser head and the
square being the position of the quad detector.
Note: It is important to know which direction your beam is pointing.

9) Determine which piece is fixed, the quad detector or the laser head.

10) Rotate the quad detector icon so that the arrows are pointed in the correct MACHINE axes.
To rotate, click the left mouse button on the quad detector square icon.

11) Edit the measurement setup, enter the start/end MACHINE coordinates and the number of
points.

12) Press View/Edit to check your increments.

13) If you would manually like to change a point, change the values in the boxes, and click the
Positions Equally Divided box to off.

14) After completing the first axis, press the Measurement 1 button.
Squareness Measurement Setup Screen (Fig. 7-2, 7-3)

15) Setup your system in the second axis. Repeat steps 10-14. Repeat up to 3 times (if you
have chosen 3 squareness).
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16) After you are finished setting up the measurement, a setup completed message will appear.
Press Save Configuration and enter a filename. A message will ask if you want this file to be
the default file. If you answer Yes, this setup will become the default configuration.

17) Press OK to exit the setup screen. You are now ready to take measurements.
Taking DataPonit for a Squareness Measurement (Fig. 7-4)

18) Align the quad detector according to your setup and the procedure in the User's Guide. Last
minute changes may be made in the bottom left hand graph of the measurements.

19) Press Start. Move to each point along the first axis and press the Take button. A
countdown of data points being averaged is shown. When you are done with your first axis, the
Take button will change into Start Axis 2.

Optodyne LDDM Laser Measurement

0.007170

-0.00041

Detector Orientation/Meazurement Axis

o aooig | i e
4 000t
41 00004
B i ooons
[ 4 0ang
T

- xp-5qr

I 1 P
/\ o AT Point: 2
i T
41003
+p +Dx -Dz O 4 do0d
4 000
s 3.00000C

Straightnesz in 1. +x
Squareneszsin 2. Xy _

‘ Setup ‘ ‘ Reszet ‘ Take ‘ Save Data

‘ Help ‘

Cancel

‘ Main ‘ ‘Anal}lze

Fig. 7-4 Manual Squareness Data Collection

20) Setup your second axis and press the Start Axis 2 button, repeat 19.
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21) After finishing all of your data points, a save file message will appear. Press Yes and type
in your filename to save your data (the extension of .SQR is automatically added).

22) Check your results by clicking on the Analysis button and opening your file for squareness.

23) The squareness reading you will get is + for greater than 90 degrees, - for less than 90
degrees, and will ALWAYS represent the angle in the +XYZ planes (e.g. +XY, +YZ. +ZX).
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7.4 Squareness Data Analysis (Fig. 7-5, 7-6)

= Analysis _ 5] x|

Eile Zalculation Sguareness Blot

% Sfuareness ot

Machine : Machine Center S/M (12345 Date :04/01/98
File=D-ALDDMZ226%040198A_ 50R By -:OPD

Slopesz in x dz/dx=-0.0000432 dy/dx= 00001117
Offset in x dz=-0.0001000 dy=-0.0004000

Max Pos Dev in x dz= 0.0001962 dy= 0.0001258

Max Heg Dev in x dz=-0.0002493 dy=-0_0001053
Squareneszs in xy dzfdy=-0.0000154 dx/dy=-0.0001320
Offset in y dz= 0.0007545 dx= 0.0004000

Max Pos Dev in y dz= 0.0000969 dx= 0.0002328

Max Neg Dev iny dz=-00001143 dx=-0.0002941

Pogition.in  |-x +Dz [+Dy [+y [-Dz [-Dx

1 00000000 0.0000000 | 0.0000000 @ 0.0000000 | 0.0000000 | 0.0000000
2 2.0000000 |-0.0001000 | 0.0002182 @ 2.0000000 | 0.0000273 -0.0007309
3 40000000 |-0.0004636 | 0.0006000 @ 4.0000000 | 00001000 | -0.0007455
4 6.0000000 | -0.0006091 0.0006000 | 60000000 | -0.0000545%  -0.0009545
5 8.0000000 | -0.0003091 0.0010545 | 8.0000000 | 0.0000455  -0.0014000
[ 10.0000000 -0.0003364 | 0.0011545%  10.0000000 -0.0000364 -0.0015273
7 12.0000000 -0.0007000  0.0013091 12.0000000 -0.0002273 -0.0017545
LS Slope -0.0000432 | 0.0001117 -0.0000154 | -0.0001320
Dffzet -0.0001000 | -0.0004000 0.0007545 | D.0004000
LS Constant -0.0001006 | 0.0000351 0.0000718 | -D.0002328
Max Pos Dev 00001962 | 0.0001258 0.0000969 | D.0002328
Max Neg Dev -0.0002493  -0.0001053 -0.0001143  -0.0002941
4| | b

Fig. 7-5 Squareness Measurement Data Table

Under the File Menu, you can open a new data file, save a data file, set your printer type, set
your printer style, or return to the main menu. When loading a file, choose the files with the
extension of .SQR for squareness. You can only print data tables using the print function under
this heading..

To view the Squareness data and graphs, first click on Calculation on the menu bar. This will
convert the data points shown on the table to the Least Square Fit lines, their intercepts and their
slopes.

These lines can be seen by clicking the Bar Graph choice on the second bar.

The followings are the definitions in the straightness data table, squareness data table and plots.

Off-set : this is the initial position of the quad-detector from the laser beam center.

LS slope and LS constant : this is the least square fitted straight line LS slope is the slope and
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LS constant is the constant of the fitted straight line (y = LS constant when x = 0).

Max Pos Dev and Max Neg Dev. : this is the maximum distance from the least square fitted
straight line in the positive direction and negtive direction, respectively. Usually, when these
values are too large, you may need to measure the squareness again.

Squareness Plot: This will show the angle between the POSITIVE X, Y and Z axes of your
machine (depending on which axes were measured). Note: This angle MAY or MAY NOT be
the one you measured, but the angle has been calculated out to the machine's positive axes.

& Analysis

=1 =) (S

M Squareness
Machine : Machine Center S/M (12345 Date :04/01/98
File=D:ALDDM2264.040198A.50R By :0OPD
Slopesz in x dz/dx=-0.0000432 dy/dx= 00001117
Offsetin ¥ dz=-0.0001000 dy=-0.0004000 TravelLength [1 |
Max Pos Dev in x dz= 0.0001962 dy= 0.0001258 S E .
Max Neg Dev in x dz=-0.0002493 dy=-0.0001053 quateness Erors. n
Squareneszs in xy dzfdy=-0.0000154 dx/dy=-0.0001320 xp 0.0000283

Offset in y dz= 0.0007545 dx= 0.0004000
Max Pos Dev in y dz= 0.0000969 dx= 0.0002328
Max Neg Dev iny dz=-00001143 dx=-0.0002941

90 +
28 p Rad
[6 Arcsec]

Fig. 7-6 Squareness Measurement Data Plot
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7.5 Adjusted Straightness and Averaged Straightness

The squareness data consists of two straightness measurement. Click on the Adjusted
Straightness. The table will show the adjusted straightness values. Click on the graph
to display the two plots shown in Fig 7-7. Here both end points are zero.

& Analysis M= E3
File Help

F HE &S v o« D

Open Save Graph Print Prev Next Exit

ioi Sguareness

2 +DZ'+Dy' L
N +DZ'+Dx'L !Em

dz'/dy'=-0.0000086, dx'/dy'=-0.0000043

0.00030

0.00025
0.00020

A meagured dz’

e jn 0000154 A s fifled oz | a |
;_ 0.00010 ) e —— gg
= measured i
- - :
4 ' 0 2 1 3 [ 10 fited & 00

5 _ 00
i +y-Axis(in) 0

7 — Wachine Center] 2345 =

8 Diate:12/05/00 —

9 OHsetiny dz'=-0.0013400 cb'=-0.0005000 =

in

1 20.0000000 -D.0004200  -0.0009575

12 22.0000000 -0.0001650  -0.0002388

13 24.0000000  0.0000000 0.0000000 hd

Fig. 7-7 A Plot of Adjusted Vertical and Horizontal Straightness.
The Straight Line is the Least Square Fit.
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The least square fitted line is a straight line with off-set and slope. Click on the
Averaged Straightness, the table will show the averaged straightness values. Click on
the graph to display the two averaged straightness plots shown in Fig. 7-8. Here the
least square fitted line is rotated to be zero off-set and zero slope.

M. Analysis MSIES

File Help

|
F @& o o« D
Open Save Graph Print Prev | Next Exit
Ga to the Previous screen

Machine : Machine Center SN 12345 Date ;1205700
File=C:ALDDMZ32\Fit-Sqritest 2.5qr By :0PD
Slopes in x dz"/dx"= 0.0000000 dy"/dx"= 0.0000000

Oﬂset inx dz"= 0.0010800 dy"=-0.0002050

W & Dz +Dy" L !Em

Squ n (1]

i ¥ +Dz" +Dx" L

Max =

e dz"/dy"=0.0000000, dx"/dy" —D.DOOODDO
Position,.in
e 0.0001
| 0.00010 # measured d2'
5 0.0000 \
— . 000000 fitted dz"
F]
— i 2 4 B No
E— -0.00010 measUred o
B -0.00020 7/ fifled &
:n— +y-Axis(in)
i T Machine Center| 2345 ‘
12 25 Date-12/05/00 e
= = Offsetiny dz"=0.0013400 che"=-0.0005000 =

Fig. 7-8 A plot of Averaged Vertical and Horizontal Straightness.
Here the Least Square Fit Line is at Zero and Parallel to
the Axis of Travel.
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The following icons have the following function in Analysis:

=]

Open a new data file.

Save a data file.

El =

Graph a data file (After graphing, you may also change the scaling of the graph by
checking X on adjust grid).

Print a data graph (for printing data tables, use the Print option under the “File” heading)

Moves to the previous screen.

Moves to the next screen.

E E EH =

Exits the program.
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8.0 Rotary Table Measurements

The rotary measurement setup is similar to the Straight / Angular measurement, except
the starting position is always zero. The least increment is 1 degree with an increment of
1 degree up to 10 degree. Briefly, a dual-retroreflector is placed on top of a small rotary
table supplied by Optodyne, which is in turn mounted on the test device, a rotary table or
stage. The test device is programmed to move in incremental steps of 1 to 10 degrees.
At the end of each step, the data will be recorded. Then rotate the small rotary table in
the opposite direction to prevent laser beam break. At the end of the rotation the residual
value will be recorded. Hence the rotational angle of the test device and the rotational
angle (in the opposite direction) of the small rotary able are all recorded. The software
will calculate the difference (error) data from both the forward and reverse angular
measurements and will provide full data storage, analysis and plots. For more detailed
setup, see user’s guide section 12.

8.1 Rotary Table Measurement Main Display ( Fig. 8-1)

Laser Position

Indicator & Auta [ Intensi Unit |
eparation
co:?A II' Steps I:l Runs I:l Position Difference Angle © |Tarqu =
1
Angle moved Auto Reverse ™
0%
Measurement ®
direction: @ Current
I Run l:l

" Two Laser Heads

4 [»[]

Main

Analyze

Cancel All ‘

Start Save Data

Fig. 8-1 Rotary Table Measurement Main Display

Setup ‘ ‘ Reset
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The display shows the linear distance traveled on the top line, and the difference between
LDDM #1 and LDDM #2 for the second line. If the second line value is twice of the top
line value, the center of rotation is exactly between the centers of the two retroreflector.
(See user’s guide section 12.5.4 for alignment procedure).

Choices on the Main Display are

Separation : This is the separation of the dual-retroreflector. Typical value is 1.105 in
or 28 mm. More accurate value could be obtained by calibration.

Steps, Runs and Auto Reverse: These are for motorized turn table. For example, 3
bidirectional runs of 10 degrees increment, set steps=36, runs=3 and click on Auto
Reverse. Maximum number of runs is 9. The saved data file is for a single run. For 5
runs, the data will be saved in 5 data files with same name, but with the run number
added before the extension .rot.

Angle moved : This box show the angular movement of the rotary table. 50% is about
10 degree and 100% is about 20 degree. When the angle moved is more than 10 degree,
there is a message asking the operator to move the retroreflector back to zero. However,
as long as the laser intensity is okey, you can continue taking data.

Measurement direction : If you want counter clockwise rotation to be positive, click
counter clockwise. Otherwise click clockwise. For bi-directional measurement, after you
reached 360 degree and taken the data, click the “Reverse” button. Move the dual-
retroreflector (small table) back to zero and move the stopper to the other side. Take the
residual reading then continue in the reverse direction.

Two Laser Heads: Click this button, if two laser heads are used.

Auto : In the automatic data collection, click this to change to manual data collection.
Click again to change back to automatic data collection. For automatic data collection,
the return of the motorized turn-table is triggered after the data is collected. To setup the
Auto mode, use the PC trigger cable to connect the motorized turn-table controller ( Port
marked Discrete 1/0 ) to the LDDM Processor ( Port marked RS-232 ). Also, select
program 31 for 10 degrees CW, Program 32 for 10 degrees CCW, program 33 for 5
degrees CW and program 34 for 5 degrees CCW.
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8.2 Rotary Measurement Setup Screen

Click on the setup box, the screen will show the setup menu.

Rotary Table Setup

Machine Center
12345
OPD

04/02/98

Fig. 8-2 Rotary Measurement Setup Screen

Identification: these are information for your own identifications.

Laser head separation : This is the same box as show in the previous screen. You may
enter a more accurate value after the calibration.

Manual : The “start” button will turn into a “take” button after the measurement begins.
At every collection point, this button will have to be clicked.

Automatic : The software will collect data every time the dual-retroreflector moved and
stopped.

Trigger dwell : For automatic measurements, the settling time of the machine is entered
here. Choose a value of at least 2 seconds less than the programmed machine dwell time.
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Vel threshold : For automatic measurement, this is the threshold that the dual-
retroreflector must drop underneath, so that a data point can be taken.

The total travel is set to 360 degree. For measurement less than 360 degree, a more
accurate separate value should be used. The increment can be varied from 1 degree up to
10 degree. It has to be an integer of degree.

New Configuration : You may load previous configuration file if you have one for this
particular machine.

Save Configuration : This updates the configuration file so that the data seen on the
screen will appear each time LDDM for Windows is run.

8.3 Example of a Rotary Table Measurement

Before starting, please make sure all the hardware and software is installed properly.

1, Double click on Optodyne logo to get the main menu.

2, Click on rotary calibration, a screen with two LDDM readings will show up.

3, Click on “set up” to set up automatic data collection or manual data collection.

4, ‘Dwell time” is the time delay between stage stopped and data collection. It may

be zero or up to a few seconds.

“Velocity threshold” is the maximum vibration motion of the stage. Typically set
to 0.001 to 0.00001. For noisy environment use large number.

5, Set the beam separation value to ------ (default 1.105).

6, For automatic data collection, click reset, then click start. The initial position will
be recorded.

7, Move the stage to be calibrated to the first position (at least 1 degree, no more
than 10 degree) then stop. The data will automatically be recorded after the dwell
time.

8, Move the second stage in the opposite direction to zero. The data will

automatically be recorded.
9, Continue steps 7 and 8 until reading 360 degrees.
10,  Select “save data” to save data file with extension .ROT .

11,  To analyze data, click on “Analyze” in the bottom or in the main menu.
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12,
13,

14,

15,

16,

17,

Open the data file.
Click on “data selection” and select “angle”.

click on down arrow to get to the end of data file, or at 360 degrees. Double click
and type 360. (For data file less than 360 degrees, double click the last target
reading and type the actual angle in degrees). Move the cursor to target readings
less than 360 degree and click again. The data file will move to the beginning
and the “calibration” button will stand out.

Click on the “calibration” button. New data files will be calculated, and the new
beam separation number will be calculated. (Record this number and enter in
Step 5). The graph on the right hand side will be replotted.

Please note that data may be collected at 1 degree increments, 2 degree
increments, up to 10 degree increments automatically. After 10 degrees the
second stage must rotate in the opposite direction to zero and stop. The zero
position data will be recorded automatically.

For hands off operation, the second rotary table with the dual-retroreflector needs
a control signal either from the rotary table to be calibrated, or from a signal
generator. Please make sure the time between movements is much large than the
dwell time set in the data collection software.
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8.4 Rotary Data Analysis Menu

' Analysis - [Rotary Table] 8] ]
B File DataSelection  Analysis  Help == x|

Angle MeasurementErrors in Angle [Deagree] File=D:ALDDM226M\032398.ROT  Date :03/23/98

Machine : Machine Center 5/M :12345 By :0PD
Max Error: 0.49398773 Min Error: -0.4934731

L ti = S
L{!;‘T@hjﬂﬁ J| Lealibration |ﬁ'Degree " pRad " Arcsec

Distance | Difference | Angle® | Target” | - .
0| 00027460 0.0002630 Errors in A_‘[lg]e:
32| -0.0962970 -0.1943020 -317.1036150 N7
0| 00022230 0.0002000 0.3
33| -0.0936590 -0.1880420 -326.9119070 327 04
0| 00010370 0.0001550 03
34| -0.0953610 -0.1896G60 -336.8033298 337 024
0| 00000590 O0.0000890 -
35| -0.0959470 -0.1892370 -346.6687518 347 | 0 ,
0| -0.0003140 0.0000430 : oo 400
36| -0.0984950 -0.1937060 -356.7670718 -360 A1y
0| -0.0003870 -0.0000130 027
37| 00921090 01883870 -346.9503220 347 031
0| -0.0009500 -D.0DD8S7O 04
38| 00939840 0.1903110 -336.9869943 337 asl
0| -0.0007900 -0.0008430
39| 00935770 01890980 -327 0897916 327
Iu -0.0008960 -D.0008010 Jﬂ
L} 3

Fig. 8-3 Rotary Data Analysis Table

Under the “File Menu”, you can open a new data file, save a data file, set your printer
type, set your printer style, or return to the “Main Menu”. When loading a file, choose
the files with the extension of .ROT for rotary data. You can only print data tables using
the print function under this heading.

To analyze data, go to the target readings and select the reading nearest to the 360
degrees. Double click and type 360. (For data file less than 360 degrees, double click the
last target reading and type actual angle in degrees). Move the cursor to target readings
less than 360 degree and click again. The calibration box will stand out. Click on the
calibration, new data files will be calculated, and the new beam separation value will be
calculated. (Record this value and enter the value in the beam separation box in the setup
menu). The graph on the right-hand-side will be replotted as shown in Fig. 8-4 .
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M Analysis - [Rotary Table]

Angle MeasurementErmors in Angle [Degree] File=D:ALDDM 2261032398 .ROT Date 103723798

Machine :Machine Center 5/N :12345 By :0PD
Max Error: 03768158 Min Error: -0.1853256

aser separation/ 1,09610094313 _ ® Degiee O uRad

0.0027460
-0.0962970
0.0022230
-0.0936590
0.0010370
-0.0953610
0.0000530
-0.09%9470
-0.0003140
-0.0984950
-0.0003870
0.0931030
-0.0009500
0.0939340
-0.0007300
0.0935770
-0.0008960

0.0002630
-0.1943030 -319.9773557
0.0002000
-0.1880420 -329.8745144
0.0001550
-0.1896660 -339. 8555731
0.0000830
-0.1892370 -349.8103914
0.0000430
-0.1937060 -360.0002633
-0.00001 30
0.1883870 -350.1030142
-0.0008870
0.1903110 -340.0573719
-0.0008430
0.1830980 -330.0796075
-0.0008010

" Arcsec

047

03t

Nz

0.11

Errors in Angle

Fig. 8-4 Rotary Data Analysis Show Error Table
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To print error table or error plot, move the cursor to “Analysis” and click on “error”. The
error table is shown below:

m Analysis - [Rotary Table]

[EIETmET
Angle Measurement. Error Analysis [Degree]  File=D:ALDDMZ226M\032398 ROT  Date :03/23/98

Machine :Machine Center 5/N :12345% By :0PD
Max Error: 0.3768368 Min Error: -0.1850662

e CpRad O Arcsec

279, 8042388 . 01957703 Errors in Angle
289, 6423552 : 0.3576355 0.4
-299.7614921 . 0.2384949 03
309 7440149 . 0.2559814 02
 319.9771239 : 0.0228882 bl
0o
329 8742754 : 0.1257324 400
a0l
339 8553268 : 01446838
02

-349.8101380 5 0.1898493

-360.0000025 5 0.0000000

Fig. 8-5 Rotary Data Analysis Show Error table
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To get a line plot, click on the graph icon. To print the graph, click on the printer icon.
An error plot is shown in Fig. 8-6 .

2 Analysis - [Graph]

EEE

Errors in Angle

0.4

Ny /\ﬂ A ANE A
ANAITU LY AN
w g L MR IA
W TA AR
i VU VT LY

02
Angle(Degree)

Emors in Angle  Max deviation= 03765368  Min deviation=-0.1850E62
Machine :Machine Center  5/M 123458 Date:03/23/98
File=D:\LDDM22E4032293.R0T By :0OPD

KED

Fig. 8-6 Rotary Measurement Error Plot in Degree
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9.0 Circular test (Laser/Ballbar)

9.1 General Description
For general description, windows, installation and starting LDDM program, see
section 7.6.

9.2 2D Time Base Data Collection

The 2D time base collects data through a special PCMCIA card. The maximum
data rate is 10,000 data/sec, and the maximum number of data point is 24,000
points/record. Click on the “2D time base” button in the main menu to get the data
collection screen as shown in Fig.8-6. For two PCMCIA cards, the available address are:
350,110, 220,100 and 300.

Identification Time Base Measurement
i e “Machine Center ‘ 4 &
Start Position |0 ‘ |0
SIN ‘12345 ‘
Measurement Direction Chan 1 (v (A ]
By ‘OPD ‘
Date [02/06/06 Measurement Direction Chan 2 Y ¥ KZ [-Z
Comments ‘PUT your comments here ‘ Orientation El Distance From Target  [608
25b4
Feed Rate st Rts [60 |
Measurement Plan Trigger ‘S’faﬂ Button =l C
Z
Cosine Correction I:l Radius
Scale Factor |0_00063281 56 |
ZX Yz
C ® ) -
Units External Trigger”  ——————
. LALE e Duration| 10 o v
- - \ Channel 1 X Channel 2
A & Chan 1 Addr[>°0 |  Chan 2 Addr[:00 |
X C i Intensity 1 Intensity 2 S
O CW ® CCW § g Iar-t
‘ Main ‘ ‘ New Config File ‘ ‘ Save Configuration ‘ ‘ ‘ ‘

FIG. 9-1 2D TIME BASE DATA COLLECTION SCREEN

Choices on the data collection screen are as follows:

Identification: Input the machine type, serial number, operator, date,
your comments or remarks and feed rate in/min or
mm/min.
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and direction of the circular path, either cw or ccw.

Time base measurement: Enter start position, measurement
Direction ( -x means the laser beam is pointing in the —x direction),
and distance from the target. Click positive axis direction when
the laser beam is pointing in the positive axis direction. The
orientation is the angle between the measurement direction and the
first-axis direction. The data rate is determined by the selected
feed rate and radius (see section 8.5.3). Trigger mode is “start
button” only. The displacement or velocity trigger will be added
later. Click the External trigger if you have the external trigger
option. The external trigger is used for external clock or external
synchronized events, such as nonstop leadscrew calibration.
Cosine correction is 1 for normal operation. It is 2cos(angle) for
double pass and the angle is the angle between outgoing and return
beams. The radius is the radius of the programmed circular path.
The scale factor is 0.000024914 in or 0.000632816 mm. Click
“in” for inch unit and “mm?” for metric unit. Click both channels
for 2 channel data collection.

Data Rate:  Select a data rate up to 10,000 Hz.

Duration: Select a duration. The maximum duration is limited by the
maximum size of the record, 24,000 data/record.

External trigger: For external trigger, click on “External Trigger” box. A
special cable with external trigger connector is needed. The trigger
pulses should be TTL standard, the pulse width larger than 30
psec, and the rep rate less than 3000 Hz. For 2 channels, connect
the trigger pulses to channel #1 and both channels will collect data
synchronized with the trigger pulse. The data age is a few
microseconds.

Intensity: The green light indicates the laser is aligned properly and
the red light indicates the alignment is off. Block the laser
beam to check whether the PCMCIA Card is installed

properly.

Start/stop: Click “start” to start the data collection and “stop” to stop
the data collection. After stop, enter the filename to save the data
collected. The extension .2dr will be added automatically. After
select a data rate, select a duration. If you want to stop data
collection before the selected time duration, click “stop” to stop
data collection.
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9.3 Data Analysis

To analyze data, go to the main menu first then click on the “analysis”. Click on “file” to
open a file with extension .2dr. The file usually is very large, please wait a while for the
file to be ready. After the .2dr data shown on the screen, click on “data selection” and
“displacement 1”.

The displacement values will be calculated and displayed as shown in Fig 9-2.

M. Analysiz - [2D Time Base] MmEE

| Wl Analpziz  Help
-

Welocity 1

N R e
Star [izplacemet 2
Mea el amitie Measurement Direction = X
Rot:  fcceleration 2 kart Position = 20 [in)

L i drate = 40 in/minute  Sampling rate: 30/sec

Max: 3.5068697 Min: -4.4937880 Mean: -0.4897788
M Digplacement 1 -

49 -0.2406692 ]

50 -0.2184709

51 -0.1964469

52 -0.1743233

53 -0.1521249

54 -0.1299265

55 -0.1076783

56 -0.0855796

57 -0.0635058

58 -0.0414818

59 -0.0195326

60 0.0026160

61 0.0246150

62 0.0467138

63 0.0689121

64 0.0908364

65 0.1128355

66 0.1346602

67 0.1566343

68 0.1785088

69 0.2003584

70 0.2222827

71 0.2441572 —

i i ] N ICCNO1E

FIG.9-2 THE ANALYSIS SCREEN WITH DISPLACEMENT DATA

After the displacement values are displayed, click on the “graph” to
plot the displacement. A typical plot of the displacement is shown in Fig 9-3
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M _Analysis - [Graph] HEE
&1 File Help =

[EEI e

Grid Adjustment ]
Displacerment 1 b4 Y
3 - I
24 \
1 .
0 | | | | |
. 1 T T 1 1
m _4'i T0E 1406 2104 280 0
N
24
34
44+
5L
Muraber of Points
Digplacement 1 Max= 351 Min=-443 Mean=-0.43 -
Machine \ertical Miling Machine 5/ 21170 Date:07/20/98
File=C:ATHTESTICW.2DR By :CPH ~|

FIG. 9-3 A Typical Plot on Displacement Data

To generate a data file for polar plot, click on “file” and “save”. Select 2dd in the popup
screen. Anothe popup screen asking the starting point and ending point of the data file.
The starting point should be before the first maximum and the ending point should be at
least 2 and ¥4 cycles after the first maximum. If not enough data, a popup screen will
indicate so. Enter a filename to save the data file. The extension .2dd will be added
automatically. A popup screen will show the actual starting point, number of points per
cycle, ending point, and the data file is for one or two cycles. After click on “Yes”,
another screen will popup for the change of number of points per cycle. You may enter
an integer either larger or smaller than the default value. Please make sure that all 4 2dd
files have the same number of points per cycle. We believe, 360 points per cycle is
adequate. Of course, more points provide more resolution, but it also need more storage
space and larger processing time. The default value is the existing number of points per
cycle. If there is no change, press “enter” or click on “ok”, then another screen popup to
change the shift. You may enter any shift value between —10 to +10. The default shift is
zero.

For some machine, the feed rate can not be controlled exactly, hence the number of
points per cycle varies. It is more desirable to keep the number of points per cycle the
same for all 4 files. Please note that to generate a complete circular path, 2 data files, one
in the x-direction and the other in the y-direction (for xy-plan) are needed. The number
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of points in these two data files should be the same. If one data file is 2 cycles and the
other is 1 cycle, only one cycle of the data will be processed.

9.4 Circular Path

To generate a circular path, first to process all raw data files (.2dr) to generate the data
files (.2dd).

Click on “analysis”, “circular”, “polar plot” and “1SO 2307, a screen will popup. The file
cannot be entered by type the filename. Click on the right-hand-side to enter the files.
The first line is cw, x-direction, the second line is cw, y-direction, the third line is ccw, x-
direction and the forth line is ccw, y-direction. For a complete circular path, 2 data files
in the same cw or ccw rotation are needed. For both cw and ccw circular path, enter all 4
files. For most machine, click on “ok”. “sync” is for machines without velocity control.
Please wait for the data files to be displayed on the screen. Click on “graph” to plot the
circular path in polar plot as shown in Fig. 9-4.

Before the polar plot, a screen will popup and ask for the values of S1, S2, S3, S4, Rcw,
Rccw, sc and scc. These shifts and rotations are used when the measurement directions
are not perpendicular to each other or the measurement directions are not along any axis
direction.

For the measurement of servo mismatch or squareness errors, it is desirable to measure in
the directions 45 degree from the axis. Hence, in the polar plot enter Rcw and Rccw
equal to 45 degree or — 45 degree.

Positive S shifts in the ccw direction and negative S shifts in the cw direction. S is the
number of points to be shifted. It is zero or an integer. S1, S2, S3, and S4 are the shifts
in cwx, cwy, ccwx and ccwy respectively. Positive R rotates in the ccw direction and
negative R rotates in the cw direction. The maximum angle of rotation is +/- 180 degree.
Rcw and Rccw are rotational angles for cw measurements and ccw measurements
respectively. Sc and scc are shifts between cw and ccw rotations respectively.
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M. Analysis - [Graph]

&1 File Help

150 230-4

Data files:
HKOW - CATYTEST 20w 20D
YOW - CYTNTESTZ2OWY 20D
KOCW - CATVTEST2CCX 20D
YOOV - CATVTESTZCCY.2DD
Test date: 07/20/98
Machine Type: Vertical Milling
Machine
Serial Number, %1170
Operator; CPH

Measurement Flan: v
Feedrate: 40 in/minute
Sampling rate: 30/sec
Radius: din

Starting Points: = = 201in, % = Qin
Distance from target: 30in
Measured radius: 4.000207 in
Circularity: 0.000157 in rms
Radial deviation:

Fay, meo = 0.000376 in

Fooy, rin = -0.000366 in

FIG. 9-4 ATYPICAL POLAR PLOT OF THE CIRCULAR PATH

There are 3 circles on the plot. The radius of the middle circle is the measured
radius. The radius of the largest circle is the measured radius plus the Fxy,max
and the radius of the smallest circle is the measured radius minus the Fxy,min .
Or the distance between the largest circle and smallest circle is equal to Fxy,max
— Fxy,min. Click on the “adjust magnification” to change the magnification of
the plot. The circularity is the rms value of the deviations from the measured
radius.

To view more details such as vibration frequency, backlash values, reverse spikes,
etc., click on “analysis™, “circular”, “polar plot” , “linear plot”, and “one of the 4
files”, then click on the “graph” button. A popup screen will let you input the
starting point and the ending point of the plot. A typical linear plot is shown in
Fig 9-5.
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M Analysis - [Graph]
&1 File Help

0.0002 -

0.0001

0.0000

-0.0001

-0.0002 4

-0.0003 4

-0.0004 -

Hurber of Points

Lirear Plat - Max = 0.0001871  Min = -0.0003667 -
Machine \ertical Miling Machine 5/ 21170 Date:07/20/98
File=C:ATHWTESTZCCY.2DD By :CPH ~]

FIG. 9-5 A Typical Linear Plot of the Circuit Path

You may view more details in a region by enter the starting point and the ending point
near the region of interests. You may also adjust the grid to change the vertical scale.
Click on “Save” and select “xyfile”, then enter a file name in the popup screen, 4 files
with extensions xcw, ycw, xcc, ycc will be generated. For multiple runs with the same
setup, up to 3 runs can be entered and plotted in the same graph.

9.5 Output Data File for “Polarcheck™ or “Polaranalyser” Software

To use a commercial analysis or diagnostic software, such as Polarcheck* or
Polaranalyser, a compatible data file can be generated. In the previous section, before
click on “graph” to plot the circular path in polar plot as shown in Fig.8.8, click on the
“file”, then *“save”, a screen will popup. Enter a filename and a file will be generated
with extension .rtb.

This data file is similar to a telescoping ball-bar data file. The first 24 line header is
machine information and parameters. Run count is how many 360 degree cycles. Max
Targets is the number of points in 1 run or a 360-degree cycle. Direction -1 is cw and +1
is ccw. The best R is the actual measured radius. Since there is no center offset, hence
the best X and Y are all zero. The first column is the point number and the second
column is the deviation in the radial direction. EOF is end of file.
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* For more information, check the Polarcheck Analyser Web Site:
http:/kiila.me.tut.fi/projects/dbbbros.htm or e-mail jouni.holsa@qplus.fi

A typical polar plot similar to Fig.9-4, but using the .rtb data file and the
Polarcheck software, is shown in Fig.9-6.

File Edit Option: ‘wWindow Help

Deviations I Basics m
b Y Close
Az Spike 0 = U = um
Backlash + [0 # [? = im Print
Backlash 0 # [0 5| pm A
Cyclic Ermar 0 F [0 =] pm O EEW’
Lateral Play 0 L 5w @ Both
Scale Emar 0 ¥ [? = um R
olar
Serva Response 1m0 § 100 |§ % O L%eal
Staightness 0 F [0 5 pm K,
i i - Scale
Slick Slip 0 = [0 = um
I
Fandaom Yibration 0 F| um pm Adiv
Directional Vibration 0 5| um
Squareness 0 | arcsec
Detault Yalues Redraw Graph

Fig. 9-6 A TYPICAL POLAR PLOT USING POLARCHECK

9.6 “rtb” Button to Generate Output File Directly

To generate an output file directly from 2dr files, click on the “rtb” button. A screen
will popup and allow you to enter 4 2dr files. You may click on “ok” or “sync”. For
most machines, click on “ok”. *sync” is for machines without velocity control. Enter
the filename to save the output data file. To verify the output data, click on “graph” to
view the polar plot. In case of error, use the procedure in the previous section.

9.7 Velocity, Acceleration and Other Measurements

As shown in section 9.3, the displacement values can be displayed or plotted. Click on
the “velocity 17, the velocity values are calculated and displayed. Click on the “graph”
to plot the velocity profile. Similarly, the acceleration values can be calculated by click
on the “Acceleration 1” button. To remove a spike or spikes, click on the “R-spike”
button, and specify the starting point and the ending point, the spike or spikes between
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the starting and ending point, will be removed and the displacement values recalculated.
Please note that, remove the spikes may distort the circular path.

The 2D time base data collection can collect data up to 1000 Hz. It can also be used for
many other applications, such as small increment displacement test, etc.

9.8 Feedforward and Velocity Feedback
For some controllers without the feedforward function or the feedforward function is not

turned on, there is a notch on the velocity profile as shown in Fig. 9-7. These velocity
notches may cause non-uniform cutting and effect the surface finish of the part.

= Analysis - [Graph]
& File Help =1 x|

Eq- n |EI % K] m_édjlgqud
Cpen Save Graph Print Prev [Mext Exit

Velocity 1
e
1 i Ty
i) ,."F \‘\ !," ‘H\
) / i i Y
¢ ! \
L] 1 i X ; i
QD 2 ,.-"r \l' ! \
B : \ : ] i
c 'y 41 2/ TAva Y MR fi1zus 144610
-154Y ; y ¥
o) ; s I
=g h % '\ o
My & 5 !
= \\..r..a-'/ \-,.u ’
e i B
Number of Points

Woooch | Mex- |28 210 Min - -1 6660633 Mzan - 00C0OCOZ3 ﬂ
brachi-e ZI 630 Z/H 270 Cat=:01,20/01
Flo-CAL IOk 238 ed-ed et SOLF= 2 Tvedd . By Maivoaroo ﬂ

Fig. 9-7 A Plot of Velocity Profile without Feedforward. There are
Notches near the Maximum Velocity in the Negative Direction.
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Fig. 9-8 A Polar Plot of the Circular Contouring Error without Feedforward

The large non-roundness shown in Fig. 9-8 is caused by the velocity notches. Once the
feedforward function is turned-on, the velocity notchs in Fig. 9-6 are removed and the
polar plot shown in Fig. 9-9. The non-roundness is reduced considerably.
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Fig. 9-9 A Polar Plot of the Circular Contouring Error with Feedforward
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For some controllers, there is no velocity control, the velocity profile looks like triangular
shape (see Fig. 9-10) instead of the sinusoidal shape. The polar plot, (see Fig. 9-11) shown
large loop and the non-roundness is excessive large. This is because in the data processing,

& Analysis - [Graph] _ =] X]
b File Help RS
B H B & o cram

Open Save Graph Print Prev [lext Exit

Velocity 1
15+
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o 057
O
AT : : : : .
e 1870, 2209 6 2545 4 2887.2 3226.0
0.5+
_‘]_0__
15l
Number of Points
Velocity 1 Mex= 11081713 Min=-1.1046868 MMean = 00000035 :]
hMaching -FADAL SN 235 Dat=:0708/99
File=CALDDMEZ 32\ 2dr-2dd\FOL-FF\Fadx<cow.2dd By :BOB ﬂ

Fig. 9-10 A Plot of Velocity Profile without Velocity Feedback
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Fig. 9-11 A Polar Plot of the Circular Contouring Error
without the Synchronized Data Processing
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it is assumed that the velocity is uniform or sinusoidal. To fix this problem, a “sync”
button is added in the “select Axis Data files” screen. The non-roundness is reduced as
shown in Fig. 9-12.

sis - [O

Fig. 9-12 A Polar Plot of the Circular Contouring Error
with the Synchronized Data Processing
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