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LIMITATION Of WARRANTY 
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EXClUSIVE REMEDIES 
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For .IIIY a.u iJ't'lncl!, contaCI your ne .. re~ 1 Hew/ell-Packard SaIJ!5 and Service O lfice. Itddrc5ses arc provided 
al the back of thi.\ manual. 
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ELECTRICAL SAFETY CONSIDERATIONS 

GENERAL 
The product and related documentation must be reviewed 
lor familiariza tion with safely markings and instructions 
before operation. 

This product is a Safety Class I instrument (provided w ith a 
protective earth terminal ). 

BEFORE APPLYING POWER 
Verify thai the product Is set to match the avaUable line 
voltage and the correct fuse Is Installed . Refer to Se<:tion II . 
Inslallalion. 

SAFETY EARTH GROUND 
An unlnterruplible salety ea rth ground must be provided 
from the main power source to the product Input wiring 
term inals, power cord, o r supplied power cord set 

SAFETY SYMBOLS 

WARNING 

Instruction manual symbol: the product will 
be marked with this symbol when it is neces~ 

sa ry for the user to refer to the Inst ruction 
manua l. 

Ind icates haza rdous 'o'01l8g85. 

Indicates earth (ground) terminal. 

The WARNING sign denol@s R hHLard II 
cHlIs Attenllon 10 a procedure, practIce, or the 
like. whrch, 11 not cOl/ecUy perlormod or 
adhered 10. could resull rn personal Inlury 
Do not proceed beyond a WARNING sign 
unlll the Indicated condil ions are fully under­
stood and mel 

CAUTION The CAUTION sign denotes a hazard . II calls 
attention 10 an operating procedu re, prac­
tice, or the like, which. if not correctly per­
formed or adhered to, could result in damage 
to or destruction 01 part or all of the product 
Do not proceed beyond a CAUTION sign 
untilihe indicated conditions are fully under­
stood and met. 

WARNING 

Any inTerruption 01 the protective grounding conductor 
InSIde Or outSide Ihe InstlUment or disconnecting the 

protective earth terminal Will cause a potential shock hazard 
that could result In personal Injury Grounding one con­
ductor 01 a two conductor outlet IS not sulliclenl protection 

Whenever It IS likely that the protection has beall Impaired . 
the rnslrument must be made inoperaTive and be secured 
against any unintended opera tion. 

If thiS instrument Is to be energlled VUt an autotranslormer 
lor voltage reduChon make sure the common tarmlnalls 

connected to the n811tral earthed pole 01 the powel source 

Servicing instruc tions !'IIe lor use by servlctl -trarned person · 
net only To aVOid dangerous electnc shock , do not perform 
any serviCing unless qualified to do so 

Adjustments dcscnbcd In the manual lire perlormed Wi th 
power slJpplled to the rnstrlJrnent while protective covers are 
removed Energy available al many pornts may, 1\ contacted, 
result rn personal Injury 

CapaCitors rnslde the rnslrument may slill be charged evon II 
Ihe Instrument has been disconnected from Its source 01 
supply 

For con tinued protec tIOn aQalllslthe life hazard, replace the 
line fuse, s only Wllh 250V fusc; S 01 thesamecurrenl rilling 
flm! typto! lor eXflmpie, nCllmal blow, Ilmcdelay.elc Do not 
use repaired !uses or short crrculted luseholders 

From 1 8 kllovollS 10 12 kilovolts dc IS present on the anode 
01 the la!lel tube 111 the 5518A ExerCIse extreme cautIOn 
when working InSide the instrument Tha high voltage could 
CRUse sorrous pelsonallnlury il contacted AnyadJilstments 
perlormed should he by service trarned perSOnnel only. 

LASER HEAD SAFETY CONSIDERATIONS 

CAUTION 

LASER RADIATtON IS EMITTED FROM THE APERTURE ON THE SS18A LASER HEAD AS ILLUSTRATED ON THE 
FOLLOWING PAGE. DO NOT STARE INTO BEAM. THIS PRODUCT IS A CLASS II LASER PRODUCT CONFORMING 
TO FEDERAL BUREAU OF RADtOLOGICAL HEALTH REGULATIONS 21 CFR 1040.10 AND lD40.11 AND TO 
INTERNATIONAL LASER SAFETY REGULATIONS. THE MAXIMUM RADIANT POWER OUTPUT IS 1 MILLIWATT, 
THE PULSE SPECIFICATION IS CONTINUOUS WAVE, THE LASER MEDIUM IS HELIUM-NEON, AND THE 
WAVELENGTH IS 632.991 NANOMETRES, 

LASER RADIATION IS ACCESSIBLE WHEN THE 5518A COVER IS REMOVED AND THE TEST-NORM SWITCH, 
A1S1 , IS IN THE TEST POSITION. 

USE OF CONTROLS OR ADJUSTMENTS OR PERFORMAN CEOF PROCEDURES OTHER THAN THOSE SPECIFIED 
HEREIN MAY RESULT IN HAZARDOUS RADIATION EXPOSURE. 



LASER HEAD SAFETY LABELS 

CAUTION 
LASER !lACIATIO N 

(ALSO WHEN O PEN AND INTERLOCK 
FAILED OR DEFEATED) 

00 NOT STARE INTO BEAM 

MAKIMUM OUTPUT 1 mw 
PUlse SPEC; coniinuou. WIVI 
LASER MEDIUM; ht llum naon 
CLASS II LASER PRODUCT 

COM""" WITH IICf'1I! 10010 ,0 
.....a 10-0_' t 

• • 
CAUTION 

.-----.. ::"'.:: .. ""::"' ... 
--,-:::.::=-"=': ---_"' ~.c~.""co 

...... cu •• eo _ 

A\/0I0 IJII"08U''IIi • LAUA "'ACIATION IS 
EMITTED r..au nI. APE,nURE THREE POSITION 

.--______ SHUTTER CONTROL: 
OPEN, REDUCED 

APERTURE, CLOSED 

G - -\-.:,-------- EXIT 
PORT 

iii 



(U.S.A. ONLY) 

FEDERAL COMMUNICATIONS COMMISSION 
RADIO FREQUENCY INTERFERENCE 

STATEMENT 

Warning : This equipment generates. uses, and can radiate radio frequency 
energy and if not installed and used in accordance with the instructions man­
ual, may cause interference to radio communications. It has been tested 
and found to comply wilh Ihe limits for Class A computing device pursuant 
to Subpart J of Part 15 of FCC Rules. which are designed to provide reasonable 
protection against such interference when operated in a commercial environ­
ment. Operation of this equ ipment in a residential area is likely to cause inter­
ference in which case the user at his own expense will be required to take 
whatever measures may be required to correct the interference. 
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INTRODUCTION TO HP'S 5528A LASER MEASUREMENT SYSTEM 

The HP 5528A laser Measurement System was designed specifica lly to make a va riet y of very 
accurate measurements in a machine too l environment. 

Thi s User's Guide is Intended to help you learn to use the capabilities of the laser Measurement 
System as quickl y as possible. Although our examples concentrate on machine tools, you should 
be able to apply the information presented to your speci fi c measurement task. 

HOW TO USE THIS MANUAL 

This User's Guide is divided into three major paris -

I. Gm lNG ACQUAINTED - aimed primaril y at the first-time user of this product. (white 
tabs) 

II. OPERATING PROCEDURES - instructions for makin~ actual measurements. Thi s is 
information you' ll probabl y wan t to refer to again and again. (yellow labs) 

III. REFERENCE MATERIAL - more " how-to" information that expands on some of the 
information in the " Operating r rocedurcs" ; also some genera l information about the 
laser Measuremen t System. (l ight amber labs) 

IV. APr ENDICES - miscellaneous information you' ll need to refer to from time to time, but 
which is not necessarily related to speci fic operating procedures or product descriptions. 
(brown tabs) 

In each of these major parts, we've tried to focus info rmation toward a particu lar need of yours. 
If you 3re a first- time user, you should concentrate on the "GETTING ACQUAINTED" 
inform3tion: this part descr ibes firsl-time operatins procedures and gives you background 
information to help you understand what you and the system are doing. 

Once you have become acquainled with the laser Measurement System, you should be ready to 
make specific measurements. That's when we expect you to start using the "OPERATINC 
PROCEDURES" information. This part of this User 's Guide focuses on how to make measure­
ments, and provides specific procedures to be followed in order to be consistentl y success ful in 
making measurements. 

1-1 
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Supporting the spedficoperating procedures is a body of general " Reference Material". You will 
have 10 become famil iar wi th this information, which will be useful to you in many of the 
measurements you make with the laser Measurement System. 

The Appendices contain information that is useful or interesting 10 know, but is n01 vi tally 
important to your ability to make a measurement with the laser Measurement System. 

HOW SAFE IS THE LASER? 

The laser source used in this measurement system is a low-power (less than 1 mW) Helium-Neon 
laser. It will not cut metal, burn paper, or cook your food. Special safety equipment in the form of 
tinted glasses, shielding, etc., is not required. 

However, this device Is a state-of-the art scientific Instrument, and should be treated wit h care 
and respect. We are required to provide in this User's Guide cerlain WARN INGs and CAUTIONs, 
which you shou ld read before you lurn on the laser. 

The most imporlant thing to remember is that neither you nor any other person should stare 
directly at the laser light beam, or at any reflection of it from a polished surface. 

For additional WARNINGs and CAUTIONs, see the front of Ihis User's Guide. 

WHAT SAFETY PRECAUTIONS SHOULD I TAKE? 

In addition to protecting your eyes by avoiding staring at the laser light or bright reflections of 
11-

1. Remember thaI the laser Measurement System is operated from power- line voltages. Take 
care to be sure that all its cables are always in good condition (no short circuits, damaged 
insulation, etc. ), and that they are routed where they will not be damaged by equipment or 
people. Also be carefu l in routing the cables that they will not cause people to trip and/or 
cause an unwary person to pull one or both of the units off its support 

2. Although the laser Measurement System's electroniCS hardware and it s Optics are fairly 
rugged, they can be damaged by abuse (dropping, excessive vibra ti on, excessive temper­
ature or humidity, etc. ). Try to use and store the laser Measurement System's components 
only in places where they are not subject to abuse. Detailed storagc information is given in 
the system's service manual. 

WHERE SHOULD I KEEP THE 5528A WHEN I' M NOT USING In 

The lascr Mcasurement System's electronic hardware and Optics should be kept where they are 
not subjed to physical abuse, excessive dirt, temperature, moislUre, or vibration. Convenient 
storage kits arc provided for the Optics. Hardware and cables should be kept in boxes. but may 
be kept on open shelves in relatively clean areas. 

WHAT SHOULD I DO IF MY 5528A SEEMS NOT TO BE WORKING? 

in genera l, that depends on what you think the problem is. 

Initiall y, for "Error" messages displayed by the Measurement Display unit, turn to Section 17 for 
a listing of some actions you can take. 
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If the problem seems to be " rea lly bad" o r "obvious" , and is not intermitten t, you should 
probably conlactthe person responsible for servicing (i.e .• repairing) your laser Measurement 
System. Service information (including troubleshooting and repair information) for the l aser 
Measurement Syslem is contained in an Operating and Service Manual that is separate from this 
User's Guide. 

If the problem seems to be " minor", hard to make happen, and is intermittent , you should 
probabl y check your setup and procedure. Are the Opti cs clean? Cleaning instructi ons arc given 
in Section 20. 

Are the laser Measurement System's connections firm and securel Are the connector contacts 
clean? (To check conned ions, turn off power . then disconnect cables. Do nollurn power back 
on until you have reconnected all cabICi. ) 

Is your setup co rrectly ali gned? Repeal the appropriate alignment procedure(s) given in this 
User's Guide fo r your setup. 

WHAT MEASUREMENTS CAN THE 5528A MAKB 

The laser M easurement System is a portable, lightweight, measuring system that can make the 
following measurements 

• Distance 

• Veloci ty 

• Angular displacement 

• Flatn ess 

• Straigh tness 

• Squareness 

• Parall eli sm 

WHAT EQUIPMENT IS REQUIRED TO MAKE THESE MEASUREMENTS? 

For all of these measurements you will need the HP Model 5508A Measurement Oisplay unit and 
the HP Model 5518A laser Head. You will most likely al so need an HP Model 107S3A Tripod. In 
addition, you will need several Optic accessories th at mar,ipula te the laser beam as requi red by 
the desired measurement. 

A listing of the hardware requ ired for each measuremen t is provided in Table 1-1. You are 
referred to Table 1-2 and other material in th is User's Guide for more detai led descriptions o f 
each piece of hardware listed. 

1-3 
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Table 1· 1 5528A Hardware versus Measurement 

HP PART 
NUMBER 
(NOTE) 

550BA 

5518A 

10753A 

10759A 

10766A 

10767A 

10n OA 

10771A 

10772A 

10773A 

10774A 

l0775A 

10776A 

10777A 

10784A 

10765A 

10786A 

l0787A 

1 1 

1 1 

1 1 

1 

2 

1 

1 

2 2 

2 2 

1 1 

107S1A/B 1 

107Si'AlB/C ,2,3 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 

1 

1 

1 1 1 

1 

1 1 

1 1 

1 1 1 

1 

1 

1 1 1 

... OPTIONAL ACCESSORIES ••• 

NOTE. See Table 1-2 for descriptions. 



Table 1-1. Hardware lisl (Descriptions) 

HP PART 
NUMBER DESCRIPnON 

5508A Measurement Display 

5518A Laser Head 

10751A Air Sensor (S· melre/ 16-foot cable) 

10751B Air Sensor (15-metre/ SO-fool cable) 

107S7A Materia l Probe (5-metre/ 16-foot cable) 

107576 Material Probe (lS·rnel re/ SO· foot cable ) 

10757C Material probe (25-rnetre/ 82-foOI cable ) 

10753A Tripod 

107S8A Metrology Software 

10759A Footspacing Kit 

10766A Linear Interferometer 

10767A Li near Retroreflector 

10770'\ Angul ar Interferometer 

10771A Angular Reflector 

1077JA Flatness Mirror 

10774A Straishtness Interfero meter and Reflector 
(Short Range) 

10nSA Straightness Interferometer and RefieClor 
(Long Range) 

10776A Straightness Accessory Kit 

10n7A Optical Square 

10784A Base 

1078SA Height Adjuster/ Post 

10766A Linear/ Angular Case 

10787A Sttaightness/ Squareness Case 

FOR MORE 
INFO, SEE 
SECTION -

2,5,16,17,A 

2,4,5,16,A 

2,5,6,7,16,17,A 

2,S,6,7,16,17,A 

2,5,6,16,17,A 

2,5,6,16,17,A 

2,5,6,16,17,A 

4 

6,7,8,9,10,11, 
12,13,14,18 

9 

2,6,7,A 

2,6,7,A 

2,8,9,A 

2,6,9,A 

9 

10,11 ,12 
13,14,A 

10,11,12, 
13,14,A 

10,11,12,13,14 

12,13 

2,6,7,6 

2,6,7,6,10,12 

Mode l 5528A 
In trodu clion 
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HARDWARE - GENERAL DESCRIPTIONS 

For marc-detailed description . see Section 2. Section 16, Appendix A and Appendix C. 

5508A Measurement Display 

The 5508A Measurement Display unit provides the operator interface for the laser Measurement 
System. It also provides operating power for the laser Head and accepts measurement 
information from the SS18A Laser Head in wavelength units and converts lhis information inlo a 
number in millimeters or inches. 

5518A Laser Head 

The 5518A laser Head houses the laser lube which produces the laser beam used in making 
measurements. It also contains the measurement receiver into which the beam is returned by the 
measurement Optics. 

Optics 

Optic accessories are required to allow the laser Measurement System to make measurements. 

The basic sets of Optics available for making speci fic measurements are -

• Distance Measurement Optics. 

• Angular Measurement Optics, and 

• Straightness Measurement Oplics. 

Distance Optics 

The Distance Measurement Optics include 

• 10766A Irllerferomeler, and 

• 10767 A Ret rore fJector. 

One of the interferometers and two relroreflectors are necessary for making measurements. 
Measurements perform ed by these Optics include Distance and Ve locity. 

Angula, Optics 

The Angu lar Optics include 

• lOnOA An gular Interferometer and 

• l0771A Angular Retroreflecto r. 

M easurements performed by these Opti CS include angu lar rolation (pitch and yaw) and Flatness 
(for surface plate calibration). 
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Straightness Optics 

There are two sets of Straightness Optics avai lable to be chosen based on the rang!! trave led by 
the mtlchine . 

• The 10774A Shari Range Straightness Interferometer is designed for measurements 
ovcr the range of 100 mm 10 3000 mm (4 to 120 inches ) . 

• The 10775A long Range Straigh tness Interferometer is dcslgned for measurements 
over the range of 1000 mm to 30000 mm (40 to 1200 inches ). 

Measurements performed by the Straightness Optics include horizonta l Straightness. verti ca l 
Straightness, and Squareness and Paral le lism between two axes. 

Mounting Hardware 

When checking machine lools, the primary application of the laser Measurement System, it is 
imporlant 10 look al how the machine behaves while performing its function , be il cuning, 
grinding, or whatever. To do this, the ca libration process must simulate as dosely as possible the 
actual working co nditions. To achieve this using the laser, one Optic must be positioned where 
thc part mounts and Ihe other Optic where the tool mounts, The 10784A Base. the 107f15A Height 
Adjuster and Post, and the 10776A Straightness Accessory Kit have been designed to make the job 
of mounting the Optics easier. 

1-7 
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CONTENTS 

SAFETY PRECAUTIONS 
PURPOSE 
5508A MEASUREMENT DISPLAY 
5518A LASER HEAD 
10751 AIR SENSOR AND 10757 MATERIAL TEMPERATURE SENSOR 
OPERATION 

PHYSICAL SETUP 
INTERCONNECTION AND TURN-ON 
ASSEMBLY OF OPTICS 
INSTALLATION AND ALIGNMENT OF OPTICS 
MAK ING THE MEASUREMENT 
MAK ING AN ANGULAR MEASUREMENT 

SAFETY PRECAUTIONS 

WARNING 

BEFOHE THE INSTRUMENT IS SWITCHED ON. ALL PROTECTIVE 
EARTH TERMINALS. EXTENSION CORDS. AUTO-TRANS­
FORMER AND DEVICES CONNECTED TO IT SHOULD BE 
CONNECTED TO A PROTECTIVE EARTH GROUNDED SOCKET. 

ANY INTERRUPTION OF THE PROTECTIVE (GROUNDING) 
CONDUCTOR (INSIDE OR OUTSIDE THE INSTRUMENT) OR 
DISCONNECTING THE PROTECTIVE EARTH TERMINAL WILL 
CAUSE A POTENTIAL SHOCK HAZARD THAT COULD RESULT 
IN PERSONAL INJURY. (GROUNDING ONE CONDUCTOR OF 
A TWO·CONDUCTOR OUTLET IS NOT SUfFICIENT PRO· 
TECTION.) 

WHENEVER IT IS LIKELY THAT THE PROTECTION HAS BEEN 
IMPAIRED, THE INSTRUMENT MUST BE MADE INOPERATIVE 
AND BE SECURED AGAINST ANY UNINTENDED OPERATION. 

IF THIS INSTRUMENT IS TO BE ENERGIZED VIA AN AUTO­
TRANSFORMER (FOR VOLTAGE REDUCTION) MAKE SURE 
THE COMMON TERM INAL IS CONNECTED TO THE EARTH 
TERM INAL OF THE POWER SOURCE. 

ONLY FUSES WITH THE REQUIRED RATING AND OF THE 
SPECIFIED TYPE SHOULD BE USED. DO NOT USE A REPAIRED 
FUSE OR A SHORT-CIRCUITED FUSEHOLDEA; DOING SO 
COULD CAUSE A SHOCK OR fiRE HAZARD. 

Model 5528A 
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PURPOSE 

WARNING 

LASER RADIATION IS EMITTED fROM THE APERTURE ON THE 
SS1SA LASER HEAD. DO NOT STARE INTO THE BEAM. 

THIS PRODUCT IS A CLASS II LASER PRODUCT CONFORMING 
TO FEDERAL BUREAU Of RADIOLOGICAL HEALTH REGU­
LATIONS 21 CFR 1040.10 AND 1040.11, AND TO INTER­
NATIONAL LASER SAFETY REGULATIONS. THE MAXIMUM 
OUTPUT IS 1 MILLIWATT, THE PULSE SPECIFICATION IS 
CONTINUOUS WAVE, THE LASER MEDIUM IS HELIUM NEON, 
THE WAVElENGTH IS 632.991 NM. 

CAUTION 

Before switching on the instrument, il must be set to the I/oltage 
of the power source, or damage to the instrument may result. 
Refer 10 Ihe Section 5 of this User's Guide for the procedure for 
cheddng and changing the power line I/oltage selection. 

Th is manual section is intended to -

" I ntroduce you to the fun ction and use of each part of the Laser Measurement System, and-

2, Allow you to make some actual measurements and lea rn how to use this "User's Guide" , 

5508A MEASUREMENT DISPLAY 

The 5508A Measurement Display 

• Provides the power to operate the 5518A laser Head, -

• Converts measu rement inform ation rece ived from the laser Head in to a number 
that represents a unit of length (or seconds of arc of an ang le),-

• Provides the control and display interface for the l.aser Measurement System's 
operat or -

• Provides the electrical interfil ce for optional devices (HP Personal Calculator 
and/ or Plotte r) thai may be connected to enhance the system's capabililies, 

The Measu rement Displi1Y 's front panel is shown in Figure 2-1, 

You can think of the Measurement Display's front -panel keys as being o rganized into three 
groups -

INDICATORS: Display measuremen t values, beam strength, and laser status, 

MEASUREMENT MODE KEVS: Allow four different measurements to be made (only one 
measurement at a l ime, however ), 

ENTRY KEYS: Allow manual selling of Set-up keys or inputting of measurement 
data, 
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SET-UP KEYS: Allow manipu lation of measurernent values by providing velocity­
of-light (V.O.l.) compensation , thermal expansion compensa tion , 
preset calibration numbers, different resolutions, smoothed data, 
and different sign convcntions. 

A concise description of cach of the Measurement Display unit 's fronl-pan el indicators and keys 
fo llows. See Section 16 for a more complete explanation of all indicators and connectors. 

I 
,.IIAOCHIHUI 

00000 
lo-G _, 

100880 
600080 

Figure 2-1. Mcasuremctl/ Display Un;1 - Front Panel 

I 
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Front Panel - Indicators, Line Switch 

ALPHA-NUMERIC DISPLAY (item "1" in figure 2-1.) : LED indicators used to display numeric 
datil readouts or alpha-character status information. 

BEAM STRENCTH Meter (item "2" in Figure 2-1): Indica tes the relative strength of the laser 
beam measu rement signa l. The meter reading can be used to aid in optimizing the optical 
alignment of the laser and measurement optics. Beam strength indications within the green area 
of the meter are required for proper operation. 

LA SER ON Indicator (item "3" in Figure 2-1): Indicates that power Is being provided to the Laser 
Head. and that the laser tube 15 activated and emitting a laser beam. 

LINE Switch (item " 4" in figure 2-1 ): When set to ON, power is applied to the Measurement 
Disp lay unit. the La ser Head, and any sensors that are connected to the M easurement Display 
unit . The LASER ON indicators illuminate and the laser tube is powered. Also upon application of 
power, the system Slarls into a warm-up period during which a self-test diagnostic routine is 
executed. 

Front Panel - Measurement Mode Keys 

[RESET) 

DISTANCE 

VELOCI TY 

ANGLE 

RESET Key: Erases all measurement data taken up to the time it was pressed. 
Releases laser Measurement System from HP-IIJ control (if i t was operating 
under HP-IB control ). Clea rs error message, if one is being displayed. 
Returns Laser M easurement System to most -recently-chosen measurement 
mode. 

NOTE 

The RESET key clears o nly the meaSurement data. A value 
entered via an ENTRY key will not be chilnged by RESET. 

DISTANCE Key: Programs the laser Measurement System for a Distance 
Measurement. Distance Measurements are described in Section 6 of this 
User's Guide. 

VELOCITY Key: Proijrams the Laser Measurement System for a Veloci ty 
Measuremenl. Velocity Measuremen ts are described in Section 7 of Ihis 
User's Guide. 

ANCLE Key : Programs the laser Measurement System for an Angular 
M easurement. Anijular Measurements are described In Section 8 of thi s 
User's Guide. 

STRAIGHTNESS 

STRAIGHTNESS Keys: Either of these keys programs the Laser 
Measurement System for a Straightness measurement. Straight­
ness measurements are described in Section 10 and Section " of 
this User's Guide. The LONG STRAIGHTN ESS key is used for a 
measurement in the range from 1000 mm to 3O,()()() mm (39.37 
inches to 1200 inches). The SHORT STRAIGHTNESS key Is used for 
a measurement in the ran ge 100 mm 103000 mm (3.94 inches to 120 
inches). 

LONG SHORT 



AUla 
RECORD 

Model 5528A 
First look 

AUTO RECORD Key: This key provides a way for you to record da ta on an 
external device, au to matica lly, at a rate you choose. 

Front Panel - Set Up Keys 

t RESEJ 

~ 
~ 

8 
(RESO~ 

~ 
e::J 

M 
~ 

NOTE 

To enter a value for any o f the SET UP keys (listed below) -

a. Use the ENTRY keys to specify a numeric va lue, then -

b. Press the SET UP key to which you wan t to assign that value. 

C. YOlI ca n use any SET UP key at any time, wilhout loss of 
measurement data. 

PRESH Key: Selects a fundlon depending on the current measurement 
mode, Offset va lues can be preset in the distance and ve locity modes. 
Multiplica ti on factors can be preset in the angu lar and straightness modes. 
The defaul t values arc " 0" for distance and velocity, and " 1" for angular and 
maightness. 

MAll TEMP Key: Causes materia l temperature values to be displayed: can 
be used to en ler a material temperature va lue to be entered manuall y, if no 
Materia l TemperalUre Sensor is connected. 

V.O.l. Key: The V.O.l. key can be used to display the veloci ty-of-ligh t 
compensation number, and the air characteristics. It can also be used to enter a 
velocity-of-light compensation number, if an air sensor is not attached. 

RESOL Key: Se lects 01 disp lays the number of significant deci mal places 
displayed on the Measurement Display unit during measurements. This key 
also sets Ihe smoothing function o n o r off. 

EXP COEFF Key: Used 10 enter or display the expansio n coefficient o f the 
material being measured. 

DIR SENSE Key: Reve rses the sense of the measurement. For example, if thc 
optics are moving apan and the display indicates an increasing positive 
displacement, pres~ing the OIR SENSE key will result in Ihe same movement 
causing an increasing negative displacement. 

2-5 
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Front Panel - Entry Keys 

The ENTRY keys allow you 10 assign values to certain parameters as described above. No 
measurement information is losl when enlering numbers inlo the Measurement Display. 

Rear Panel 

The Measurement Display unit's rear panel is shown in Figure 2-2. It is Important to nole the 
position of the ENGLISH/ METRIC switch. This switch changes the displayed measurement on the 
fronl panel from millimetres 10 inches or vice versa. 
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1. RMT CONT Connector : Connecting point for the 
05508-60021 Remote Control Unit. 

2. MA TERrAL TEMPERATURE Connectors: Connecting point(sl 
for the Material Temperatu re Sensor{s1. 

3, AIR SENSOR Connector : Connecting point for the Air Sensor. 

4, LASER SOURCE Connector : Connecting point for the cable 
between the Measurement Display and the Laser Head, 

5. ENGLISH-METRIC Switch : Determines the units o f measurements, 
either English (inches. degrees F) or Metric (millimetres. degrees C). 

6, IEEE STD 488 PORT Connector : Connecting point (or HP-IB cable(s). if 
used. HP-IA is a Hewlett-Packard implementation of the IEEE 468 
Standard Interface. It is used to connect other equipmen t to the 
Measurement Display unit. 

7, POWER LINE Module: Connecting point for line power cord . Also 
con tains the line fuse. and a line voltage selector. 

Figure 2-2. Measurement Display Unit - Rear Panel 
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5518A LASER HEAD 

The 5518A laser Head co ntains the la ser tube which produces the beam used in making 
measurements, The Laser Head also contains th e receiver into which the beam is returned from 
the measurement optics, 

Look al the laser Head and, referring to Figtlre 2-3 and Figure 2-4, fami liarize yourself with the 
front and rear panels, This information is also shown in Section 16 for your reference, 



LA5I!AON 

AVOID EXPOSURE 
LASER RADIATION IS 

EMITTED fROM THIS APERTURE 

II --h--~~ 

-
--

1. LASER ON Indicator: Indicates when Laser Head is rece iving power 
from Measurement Display unit. 

2. SIGNAL Indicator: Indicates that Laser return beam is strong enough 
for a measurement. 

J. LASER EXIT PORT: Source of l aser beam for all measurements. Also, 
destination of laser return beam for Straightness measurements. 

WARNING 

LASER RADIATION IS EMITTED FROM THIS PORT. DO NOT STARE 
INTO HIE BEAM. 

4. LASER RETURN PORT: Destination of laser return beam for Distance, 
Velocity, and Angular measurements. 

5. APERTURE CONTROLS: These are located behind both ports in the 
turret. The Exit Port 's aperture control has three positions - large 
opening, small opening, and closed. The Return Port 's shutter has two 
positions - open and closed {which displays a target used for 
alignment). 

6. TURRET RING : A two-position selector that switches elements in the 
Exit and Return beam paths, depending on whether a "STRAIGIH­
NESS" measurement Is being made. 

Figure 2-3. Laser /-lead - front 
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1. The " LASER ON" indicato r serves the same function as the front-panel " LASER ON " 
indicator. 

2. The " READY" light shows you when the lasel is ready to make measurements. At power-up, 
the laser tube begins a tuning cycle to stabilize its reference frequency. Halfway through the 
stabilization cycle, " READY" will slar! fla shing; when the cycle has completed, " READY" will 
be lighted steadil y. 

3. The " MEASUREMENT DISPLAY" connector is the connecting point for the cable from the 
M easurement Display unit . 

Figure 2-4. Laser Head - Rear 
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10751 AIR SENSOR AND 10757 MATERIAL TEMPERATURE SENSOR 

To appreciale why these sensors are used, you should hil ve some understanding of how the 
characteristics of the air and your material can affect your measurements. See Section 6 
("DISTANCE MEASUREMENTS") for more-detailed information aboutlhese sensors. 

Why Measure Air Temperature, Pressure, or Humidity? 

The wavelength of the light produced by the laser is used as Ihe scale for distance and velocity 
measurements. (The other measurements are " differential" measurements - see Appendix A 
for detai ls. ) 

The wavelength (in air) of any light depends on the velocity of lighlthrough air. This, in turn , 
depends on I he lemperature, pressure, and (to a lesser extent ) relative humidity. For example, air 
that is less dense (as in the case of low pressure, high-temperature air) results in a higher velocity 
of l ight and a longer light wavelength. 

The Measurement Display unit multiplies the number of wavelengths it counts (from the Laser 
Head) by a ca libration fact or that includes Ihe ca lculated velocity-of-light compensaTion, thereby 
correcting for any difference between the "current" velocity of light (In air) and the velocity of 
light in a vacuum. 

Why Measure Material Temperature? 

The most signiri cant source of error in machine tool distance measurements is the effect of 
temperature on Ihe machine 1001. By compensating for material temperature, you adjust the 
actual measurement va lue to what the measurement value would be at the standard material 
temperature of 20°C (68°F)· . This wi ll allow you to compare measurements made at different 
temperatures. 

How are Air and Material Characteristics Input to 
the Measurement Display Unit? 

These characteristics can be entered manually or automat icall y. Attaching the sensors will enable 
autornatic input of the da ta; otherwise, you must determine the correct calibra tion numbers and 
enter them manually . Instructions for inputting air and m<lterial compensation factors are 
provided in Section 6 ("DISTANCE MEASUREMENTS") of this User 's Guide. 

'Thi~ w;n established in " im~ on 1931 by Ihf! ' nlf'rna lional Commilh~c Oil WCllShl~and Mf'amle~ ' ICI'MI. Sec ANSI 869.6. 2-
1973. "I Cll1pe r~lu r c /. I tumidi ty (nvlronment lor Dllncn~ion~1 Metrotogy". page 6. 
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OPERATION 

The best way to become famil iar with the laser Meilsuremenl System is to si t down and " play" 
with it. In the next few pages, yo u will be led through the process of gelling acquainted with th e 
Measurement Display, lase r Head , Sensors, and Optics, by setting up fo r and making it distan ce 
measurement . 

LET'S START! 

Physical Set Up 

, . Place the laser Head o n a tabl e. 

In actual pnlctice, you would attach the laser Head to the Tripod, using instructions given in 
Sect ion 4. 

For simplici ty's sake, we want you to establish a special measurement axis, rat her than try to 
actually measure a machine. 

2. Remove Figure 2·5 ("Template for In itial Set-up" ) from this User's Guide and fit it under the 
laser Head in the appropriately-marked place. This wil l serve as a guide for moving theopties in 
the exercises that follow. 

3. All ach a st rai ghtedge to th e loca ti on indicated in Figure 2-5. This wil l se rve as the 
measurement path. 
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Interconnection and Turn-on 

NOTE 

Detailed inslructions for step "1" through step "3" below are 
presented in Sed ion 5 of this User's Guide. Do nol perform any 
of these steps unti l you have read the related info rmation in 
Section S. 

1. Connect the laser Head and sen~rs (if you ha ve them) to the Measurement Display. 

2. Check the Measurement Display's line vo ltage selection. 

3. Connect th e Measurement Display to the powe r line. 

4. Tu rn on the system. (The LINE switch is at the lower left-hand corner of the Measurement 
Disp lay's front panel, and tu rns on power for both that unit and the lase r Head.) 

When power is turned on, the Measurement Display goes through a warm-up routine. Its 
displays during thiS time change in the pattern shown in Figure 2·6; if your Measurement 
Display doesn't go through th ese changes, something may be wrong. Try the test again, then 
refer to the system's Service Manual or a qualified service person for help. 

550BA Pow.r-Up 

The sell-lest sequence is as follows: 
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Add r 3 

HP-IB address is displayed. II Is set to 
3 at the lactory. 

This completes the self- test . 

Tho display now sta rts to count down 
In seconds lor a ten m inute period or less 
1600 seconds max. ) During this time. the 
laser source is going through lis 
luning cycle . 

Every l illa seconds, the display 
will show: 

lAS , COL d 

Indicat ing the laser is Blill tuning. 

When the laser 's tuned , and the beam 
is being re tufned 10 the feceiver port 
on the SStSA. the d isplay Wi ll !lash 

L A S E r u p 

II thO laser is tu ned and the beam IS not 
being returned to the receivef, the 
display will show: 

P A E D ,I 
If alter ten minutes 1600 seconds I, the 
lase r has la lled to tune. the display 
will flash : 

lAS r F A I==;J 
This indicates either the 5518A is not 
connected to the 5508A or the laser 
head needs service 

Note: During the sell-test. the 
keyboard Is disab led 

Figure 2-6. Warm-Up Routin e 

2·13 
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Assembly of Optics 

1. Auach one Retroreflector to the Interferometer, as shown in Figure 2-7, using the two small 
knurled screws included with the Retroreflector. 

2. Make sure that the " head" o f one arrow on the Interferometer's label points toward the 
Relroreflcctor, as shown in Figure 2-7. 

3. Sec "ASSEMBLY OF OPTICS" information in Section 6 for more details. 

10767A 
LINEAR RETROREFLECTOR 

10766A 
LINEAR INTERFEROMETER 

Figure 2-7. A55embly of In/crferomeler 
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Installation and Alignment of Optics 

Mounting 

Three (3) I-IP 10785A Post and Height Adjusters, and two (2) HP 10764A Bases, are included as part 
of the l aser Measurement System's linear Measurement Kit. With these fixtu res, you can attach 
your Opti cs to most machine surfaces and tool spindles and orient your Optics as required . 

Each Optic requires al least one Post and Height Adjuster. Attach the Height Adjuster to the side 
of the Inlcrferomeler as shown in Figure 2·8, and then sl ide the Height Adjuster over a Post 
supported by a !lase. 

TABLE MOUNTING 
10767A 
LINEAR RETROAEFlECTOA 

LASER BEAM o o . .. • • 

SIDE VIEW FRONT view 

Figure 2·8. Mounting of Interferometer 

Do the same for the Rctroreflector, as shown in Figure 2-9. 

TABLE MOUNTING 10767A 
LINEAR AETAOAEFlECTOA 

LASE A BEAM o .. , 
1078SA POST 

10785A POST 
& HEIGHT 
ADJU STER 

8 HEIGHT ADJUSTER 

10784A 
BASE 

Figure 2-9. Mounfing of Rcfrorcficcfor 

2-15 
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Positioning of Optics 

1. Position the Optics in the locations indicated on Figure 2~5. (You should have already 
positioned this figure as a template under the laser Head. ) Figure2-10shows how this should 
look. 

TOP VIEW 

Ir\. !::f 
( ~I 

.9" II I ) i::I ..... 
t 1'-' t 

LASER MOUNTED INTERFEROMETER ~ MOUNTEO-' 
HEAD ASSEMBLY RETROREFLECTQR 

, --1 STRAI GHTEDGE 

SIDE VIEW 

Figure 2-10. Posi!ioning of Optics .1nd Laser Head 

2. Refer to Figure 2~11, and al1ach the target to the Interferometer such that -

• the hole in the Interferometer's target is above the target's cross hair, and 

• the target is positioned "squarely" on the Interferometer, covering the opening 
facing the laser Head. (Use your fingers to line up the edges of the target with the 
bottom and side edges of the Interferometer. ) 

3. Attach the target to the Retroreflector (see Figure 2-11) such that 

• the ta rget's crosshair is above its hole, and -

• the target is positioned squarely on the Retroreflector. (Use your fingers 10 line up 
the edges of the larget with the edges of the Retrorefleclor. ) 
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DISTANCE INTERFEROMETER WITH TARGET 

NOTE: THE TARGET SHOULD BE POSITIONED WITH 
THE 3MM HOLE UPPERMOST ON THE INTERFERO­
METER AND WITH THE CROSSHAIRS UPPERMOST 
ON THE RETROREFLECTOR. 

DISTANCE RETROREFlECTOR WITH TARGET 

Figure 2-". Inlerferomeler and Relrorefiecror, wirh Targcls 

4. On the front of the laser Head, set the exit (top) port's apert u re control to select the small 
aperture. 

5. Move the Interferometer up o r down (after loosen ing the Height Adjuster's Il:Irge knob), or 
move the Base back and for th, until !he laser Beam passes through th e hole in the 
Interferometer's target. 

6. Move the RetrorefleCior in the same way until the laser Beam is centered on the crosshair on 
the Retroreflector's target . 

7. Remove the targets from both OptiCS. You should see two daIS on the front of the laser Head. 

6. On the front of the laser Head, turn the return (bottom) port's aperture control until a target 
appears in the center of the opening. 

2-17 
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9. Put a piece of paper between the Interferometer and the Retroreflector so you block the 
beam. 

looking at the front of the laser Head, you should see one dot disappear as you do this. This 
will be the Retroreflector's return beam. The dOl thai remain s is the Interferometer's return 
beam. 

10. Adjust the Interferometer's position, vertically and horizontally, until its return beam is 
centered on the return port 's target. 

11 . Adjust the Relroreflector's position , vertically and horizontally, until its return beam is also 
centered on the return port's target. 

You should now see only one dot on the return port's target , since both return beams should 
overlap completely. 

12. Turn both the return port 's and the exit port's aperture controls to fully open both ports. 

look at the BEAM STRENGTH meter on the Measurement Display or the Remote Control 
unit. 

You should see the meter's needle move into the "green" area. 

13. Move the Retroreflector slightly to one side. 

Note how the BEAM STRENGTH indication changes as you do this. 

You shou ld note a decrease in beam strength whenever you see the beam being clipped by 
the laser Head's return port. (i.e., Any part of the beam that does not enter the return pori is 
lost, as far as contributing to the measurement. ) 

14. Move the Retroreflector over the full length of the pattern shown on the template that was 
provided as Figure 2~5. 

NOTE 

Be su re to keep the Retroreflector's base flush against the 
straightedge as you do this. 

Watch the BEAM STRENGTH meter while you do thi S. Make sure its needle sl ays in the green 
area. 

If the BEAM STRENGTH needle doesn' t stay in the green area, move the straightedge at that 
point so thai the BEAM STRENGTH needle moves back into the green area. Beam strength 
must be kept in the green area along the full distan ce of Retroreflector movement (60 mm 
(2.4 inches)). 

You have just aligne d the Optic's path to the laser beam. In actual practice, you will il lign the 
laser beam (by adjusting the laser Head) to match the Optic's path. In any measurement you 
make with the Laser Measurement System, you will have to align the laser Head to the 
Optic's or the machine's travel path to return as much signal as possib le to the laser Head's 
return port . 

For Distance and Velocity measurements, alignment is also important for redu cing 
something ca lled "cosine error". (See " WHAT AFFECTS ACCURACY?" in Section 6.) 
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Actual alisnment techniques are described in Section 15. Each measurement section in this 
User 's Guide will either refer you to a technique in Section 15 or it will describe a unique way 
to align the l aser Head to the Optic's travel path. 

Making the Measurement 

1. Position the Retrorcflector's Base in the rectansle mark ed o n the template of figure 2·5. 

2. Set up the d isplay as (ollows 

DISTANCE 

(RESET) 

a. Press DISTANCE to set up the M easurement Display unit for Distance mode. 

b. Set the rca r· panel ENGlI51-1 / MlTRIC sw itch \0 METRIC, so the display w ill 
read in "mm". 

c. Press RESET. 

J. Move the Retrorerieclor 20 mm (0.80 inch ) along the straightedge, to the "20 mm" mark o n 
the template (provided as Figure 2·5). 

Note the reading on the displ ay. 

4. Speci fy five·digi t display resolution by pressing 

(RESO] 

Note how much more frequentl y the last digit changes. 

Keep the same resolut ion, but tu rn o ff "smoothing", by pressing 

(RESOL] 

Notice how the last four digi ts now change. By entering a negative number , you told the 
M easu remen t Display unit not to "smooth " (average) you r measu rement data. 

Specify si )l;-digit disp lay resolut ion by press ing 

(AESOL] 

2·19 
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The display should now show " Or Error", meaning that an "over-range error" has occurred. 

Press - 0 
L:J 

again. 

The d ispla y will now show "5", which is the malfimum allowable resolution va lue for the 
metric mode. 

NOTE 

If you Ify to enler a numeric va lu e for any SET UP key that is 
outside the range all owed for that key, you will first get an " Or 
Error" or "Ur Error" message, indicating th e directi on of your 
error. Pressing the sa me SET UP key again will ca use the limit 
va lue for that direction to be displayed . If you are willing to 
accept the limit value, just press the same SET UP key 3gain. 

Specify four -digit di splay resolution by pressing 

[AESOL) 

5. Establish a 5 mm PRESET va lue by pressing -

6. 

tAESEJ 

The Measu rement Displa y will now show a number 5 rnrn larger, si nce PRESET adds in th is 
measurement mode. (preset adds in Distance o r Velocity mode, multiplies in Angular or 
Straightness mode. ) 

Remove Ihe "preset" va lue by pressing 

t RESEJ 

Press- § 
DIA 

SENSE 

The sign of the value shown on the displa y will change. 

Press- § OIA 
SENSE 

again . 
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The sign of the displayed value will change back to what i t was origina lly. 

7. Display the vc!oci ty-or-light compensa tion number by pressing -

The display will show the velocity-of. ligh t compensation value prov ided by 
the Air Sensor, if connected. If the Ai r Sensor is not connected, the default 
value of "726.6" will be displayed. 

If the Air Sensor is connected, press the " V.O .l." key again. 

The disp lay now shows the air temperature read by the sensor. When the 
ENGLISH/ METRIC switch Is in the ENGLISH pos ition, the temperature is 
displayed in degrees Fahrenheil. When the switch is in the METRI C position, 
the temperature is displayed in degrees Celsius. (See Figure 2-12. ) 

Figure 2-12. Air Sensor - Temperature Reading 

If the Air Sensor is connected, press the " V.O .L " key again. 

8 The atmospheric pressure is displayed in either ir,chcs o r millimetres of 
mercury depending on the setting of the ENGLISH/ METRIC switch. (See 
Figure 2-13.) 

I I I p I I I X I X I x·1 X I I 
Figure 2-13. A ir Stmsor - Pressure Readillg 

If the Air Sensor is connected, press the "V.O. L " key again. 

8 The position of the humidity swi tch on the sensor is now d isplayed. Change 
the position of the humidify switch on the sensor, the reading will change 
after abou t two seconds. (See Figure 2-14.) 

2·21 
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I I IHI I I I Ixl x·1 I 

(3 
Figure 2-14. Air Sensor - Humidily Reading 

Press the "V.D.l." key (again ); the display is now back in the measurement 
mode and the display returns to the old va lu e. 

8. Displa y the Material Temperature va lue by pressinH -

Q 
~ 

The display wil l show the average o f the Material Temperature val ues 
provided by th e Material Tempera1Ure sensor(s), if connected. (See Figure 
2-15.) 

If no Material Tempera tu re sensor is co nnected, The di splayed va lue will be 
200C (68 °F). 

If a Material Temperature Sensor is co nn ected, pressing th e MA Tl TEMP key 
again wi ll display the reading frorn material tempe rature se nsor "1" 0 , "2" or 
"3". The " 1" tells you th is is "sensor 1". The"1" wou ld be replaced by a "2" 
or a "3" if a sensor was plugged into "MA TERIAl TEMPERATURE" co nn ector 
"2" or "3" respectively . If more than one material temperature sensor is 
plugged inlo the Measurement Display unit. repea ted pressing of the MATl 
TEMP key will successively displ3Y the read ings from each of the sensors, in 
turn ("1", " 2", "3", etc.). 

Press MATl TEMP as of len as necessa ry to cycle through all its displays for 
yo ur si1Uation . 

Figure 2-1S. Maferial TemperafUre Sensor Reading 

9. Turn off line power, al the Measurement Display unit 's fro nt-panel swi tch. 

10. Disconnect the Ai r Sensor and any Materia l Temperature Sensor co nnected to the 
Measurement Display unit. 



11. Turn line power back "on" . 

After the system has warmed up, the message " LASEr UP" witt be displayed. 

12. Press- (RESET) 

13. M ove the OptiC!> another 20 mm (0.80 inch ). 

Write dowr, the exact readin g. 

14. Display the V.O.l. compensaliun va lue by pressing - EJ 
The display should show the defau lt value of "728.8". 

15. Change the V.O.l. compensa tion value by about 100, by pressing -

Write down the new reading . 

Model 5528A 
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The difference between this reading and the value you wrot e for step " 13" shows the 
imporlance of having and using the co rrect V.D.l. compensation number. 

16. Display the Material Temperature value by pressing - ~ 
MATl 
TEMP 

The display should show the default value (2QoC o r 68° F). 

17. Display the expansion coe ffi cient value by press ing - § 
EXP 

COEFF 

The display should show " 0.0" . 

Entcr a new expansion va lue by pressing -

M 
~ 

2-23 
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16. Change the M ater ia l Temperature va lue to 25D C by pressing -

00 ~ ~ 
Note the new reading. Th is shows the importance of having the correct Material 
Temperature and Expansion CoeHicien t values when you are making a d istance measure· 
men\. 

19. Change the units of measurement by sw it ching the rcar·panel ENGLISH/ METRI C switch to 
i ts ENGLISH posll ion. 

CAUTION 

This switch has a lack to keep it from accidentally being moved. 
To avoid damaging the switch. pull its handle "oul" while you 
arc moving it from one position to the other. Releas ing the 
handle allows it to lock In lis new position. 

Note that the values have changed from metric to English un its, when you press the following 
keys -

[RESOj 

~ 
~ 

~ 
U 

Resolution wi ll now be f ive places, ins tead of fou r. 

Material Temperature will now be 75.97D F. 

The expansion coefficient will now be 55.6 
(times 10 e inch/ degree F). 

Making an Angular Measurement 

1. Replace the linear Retroref lector with the Angular Refledor, by unscrewing the two long 
screws on the Height Adjuster. 

Pos ition t he Angular Refl ector so its label is on top and its Retrore flectors face the Laser Head. 

Be sure you do not move the Heigh t Adjuster ar the Base wh ile you are making thischangeof 
Opti cs. 

2. Replace the linear Interferometer with the Angu lar Interferometer by unscrewing the two 
long screws on the Height Adjuster. 

Posit ion the Angular Interferometer so the side with two openings faces the Angular 
Reflector, and the side with one opening faces the l.aser Head. 

Be sure you do not move the Height Adjuster or the Base while you are making this change of 
O ptics. 
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3. Make sure you nave adequate beilJ1) strength (indicated by any reading in the green area). If 
you didn't move either of your bases when you changed Optics, this should not be a 
problem. 

The first three steps of this procedure have demonstrated how easy it is to change Optics 
from those required for one measurement to those required for another. 

4. Prcss-
ANGLE 

5. Press-

(RESET] 

You arc now ready to make an Angular measurement. 

6. Tilt the rear of thc Angular Reflector's base up slightly, and watch the display. The values 
shown will be in "arcseconds". (One arcsecond equa ls 1/ 3600 of a degree.) 

7. Press the PRESET and RESOlution keys as you did for thc Distance measurement, and note 
the differences -

tRESE
] 

Thc PRESET value is now used as a multiplier for the actual me.lsured value. 

(mOL] Maximum RESOlution is onc place. 
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SECTION 3 
MEASUREMENT PROCEDURES 

SUMMARY 

If you started reading at the front of this User's Guide, you have by now connected all your 
equipmenland made a measurement or two, using a table-lop template. You should now be ready 
to try making measurements on a machine or SlrUClUre. 

The remaining portions of this User 's Guide arc th e sections you'll be using every lime you make a 
measurement. 

OPERATING PROCEDURES 

Table 3-1 shows the sequence of sleps required 10 make any measurement, and where to lurn in 
thi s User's Guide to find the instructions fo r that step. 

Table 3-1. Operating Procedures - Summary 

SEC. 
STEP USER'S CUIDE SECTION NAME NO. 

1. AU3Ch l aser Head to Tripod and PHYSICAL SET-UP Of THE LASER I'IEAD 4 
position il . ANI) TRIPOD 

2. Interconnect System and turn INTERCONNECTIONS, TURN-ON 5 
it on. 

3. Assemble Optics (Distance only ) · NOTP 6 
Instructions for steps "3" through "7" arc 

4. Install and Align Opt ics found in the User's Guide Section that , 
describcs the kind of measurement h 
you want 10 make (Le., Distance, r 

5. Adjust settings on Measurement Angle, Straightness, etc.) 0 

Display unit and position u 
sensors g 

h 

6. Make your measurement. 14 

7. Identify what affects accuracy fo r 
your measuremenl. 

3-1 
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REFERENCE MATERIAL 

For quick reference, or for procedures common to more than one measurement type, turn to 
Section 15 through Section 21 . The inrormation in these sections is l isted in Table 3-2. 

Table 3-2. Guide fo Reference Material 

~dlon 
To pic/Seclio n Tille Number 

Alignment Techniques 15 

Controls, Connectors, Indicators 16 

Errors and Error Messages 17 

HP-IB Information 16 

V.O .L Compensation Factor 19 

Operator Maintenance 20 

Straightness and Squarenes5 Considerations 21 

MISCELLANEOUS NOTES 

Some things to keep in mind when you make measurements are -

1. Keep the Laser Head level (or square) relative to the Optics. By levelling the laser Head as 
described in Section 4, and by installing and aligning the OptiCS as described in each 
measurement section, you will meet this requi rement. 

2. The Optics and Mounts for each measure men I type usc melric hardware. primarily 3-mm 
screws. All necessary hardware is included with the Opti cs. 
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CONTENTS 

SECTION 4 
PHYSICAL SET-UP OF THE 
LASER HEAD AND TRIPOD 

INTRODUCTION 
INSTALLING TH( LASER HEAD ON THE TRIPOD 
LASER HEAD AND TRIPOD POSITIONING CONTROLS 
CROSS-SlIDE "FIT" ADJUSTMENTS 
POSITIONING THE TRIPOD AND LASER HEAD 
LEVELLING THE LASER HEAD 

INTRODUCTION 

The hardware, other than Optics, you need to make any measurement with the Laser 
Measurement System and a Tripod is identified in Figure 4· 1, This hardware is used for all 
measurements made with the Laser Measurement System and a Tripod, 

If you don 't use the Tripod discussed In this section, you wi l l have to provide some ahernatc type 
of rigid support for the laser Head, The Laser Head has three mounting "feet" wi th internal 
M8xl.25 threads to secure it. Three M8xl .25 screws have been provided. 

The Tripod's controls allow easy adjusting of the Laser Head 's posi tion to help you align for each 
measurement , while providing rigidity and an insta llation position away from thtl measurement 
surface. 

For hardware used for a spedfic measurement. see the section of this User's Guide thaI describes 
the measurement. 

INSTALLING THE LASER HEAD ON THE TRIPOD 

The numbers of the sleps below are used as referen ces in Figure 4·2. 

1. Screw the Cross Slide Assembly onto the Transit Adapto r. 

2. Insert the Cross Slide/ Transit Adaptor Assembly into the Tripod Collar. 

a. Be sure the set screw is in place within the Transit Adaptor and is not protruding. 

b. Position the Cross Slide/ Transit Adaptor Assembly so the captive set screw will line up 
with the access hole in the Tripod 's collar. 

c. Use the 3/ 16·lnch allen wrench supplied wi th the Tripod to tighten the captive set screw 
in the Transit Adaptor. This keeps the Transit Adaptor from moving in relation to the 
Tripod 's collar. 

4·' 
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HP 10793A1BIC 
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figure 4-1. Hardware RC(l uirerl for a/l MCilHlremenfS 
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~'--------- CAPTIVE SET SCREW 

STEP 2 <"------r::r~;~------ ACCESS HOLE IN 
TRIPOD COLLAR 

ALLEN WRIENCH . 

Figure 4·2. Installing rhe Laser Head on rhe Tripod 
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d. lock the Cross Slide's Horizontal Rotation Coarse Adjustment lock lever (see Figure 4-2). 
This locks the Cross Slide's internal rotations, in preparation for the final tightening of the 
Cross slide Assembly onto the Transit Adaptor. 

e. Gently tighten the Cross Slide Assembly onto the Transit AdapTor by turning The Cross 
Slide Assembly clockwise in relation to the Tripod. This conncction should be just light 
enough that it wan', accidcntally loosen while the laser Measurement System is in usc. 

3. Attach the Mounting Plate to the Cross Slide Assembly, using the four (4) cap screws 
provided. 

Use the Allen wrench su pplied with the Tripod to tighten Ihe cap screws. 

4. Screw the levelling Foot, with its lock Nut, downward inlo the laser Head 's rear mounting 
fOOl . 

5. Place the laser Head on the Mounting Plate so thai its two front feel are in the 
corresponding Mounting Plate holes, and the levelling Foot you installed in step "4" drops 
into the Mounting Plate's miniature Cross-Slide Assembly. 

6. Secure the laser Head to the Mounting Plate, using two of the M6x1 .25 screws provided 
with the laser Head, screwed upward through the Mounting Plate holes into the laser 
Head 's front feet. 

LASER HEAD AND TRIPOD POSITIONING CONTROLS 

Every measurement you make using the Tripod requires translational and turning movements of 
the laser Head. You will use these adjustments often, so you should become familiar with them 
now. The various Tripod adjustments and locks are shown in Figure 4-3. laser Head motions 
resulting from operating these controls are shown in Figure 4-4, separated into vertical and 
horizonta l components. 

For ve rtical translatio n (linear up/ down movement ) of the lase r Head -

1. Unlock the Vertical Motion lock, on the "shoulder " of the Tripod Assembly, opposite the 
large Vertical Translation Handwheel. 

2. Turn the Vertical Translation Handwhecl ta raise or lower the laser Head ta the height you 
want. 

3. lock the Vertical Motion lock. 

For vertica l rolallon (tilting ) of the laser Head -

1. Unlock the levelling Foot in the laser Head 's rear mounting foat. 

2. Turn (screw) the levelling Foot in the mounting foot to raise or lower the rear of the laser 
Head, as desired. 

3. lock the levelling Foot at the desired setting, using it s lock Nul. 

For horizon tal translation (linear side-la-side movement) of the laser Head -

Turn the Horizontal Translation Crank , on the side of the Cross Slide Assembly. 
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Fo r h orizontal rota lio n (turning ) o f the laser Head -

For coarse adjustm ent -

1. Unlock the Horizon tal Rotation Coa rse Adjustment lock lever o n the Tripod. 

2. Turn the laser Head so it is pointing in the seneral directi o n yo u want. 

3. l ock th e Ho ri zontal Rotation Coa rse Adjustment lock lever on the Tripod . 

For fine adjustment -

Turn the Hori zo ntal Rotation Fine Adjust knob o n the miniature Cross Slide Assem bl y at the 
rear of the Mounting Plate . The re is no lock for this assembly. 

HORI ZONTAL,/" 
TRANSLATION 

CRANK 

VERTICAL / 
MOTION 

LOCK 

LEVelLING FOOT 

./ HORIZONTAL 
/" ROTATION 

FINE 
ADJUST 

- ------ HORIZONTAL 
ROTATION 
COARSE ADJ 
LOCK LEVER 

VERTICAL 
TRANSLATION 
HANDWHEEl 

figure 4·3. Laser Hearl and Tripod Positioning Contro ls 
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TURN THIS 
HANDWHEEL 

VERTICAL TRANSLATION 

o 

TURN THIS 
LEVELLING 
FOOT 

o 

TURN THIS 
FINE A~JUST 

KNOB'--.... 

) 

VERTICAL ROTATION 

o 

) 
~ 

HORIZONTAL TRANSLATION HORIZONTAL ROTATION 

Figure 4-4. Translaling and ROI'l!ing the Laser Head 

CROSS SLIDE "FIT" ADJUSTMENTS 

If the Cross Slide's si de-to-side movement Is 100 tight or too loose, adjust the threeslott ed screws 
on the side of the Cross Slide. 

First. ti ghten the sc rews; th en back off lI8-turn and lighten the nut s. The screws push 3 gib 
against the ways 10 remove any undesired motion . 

If the Cross Slide 's rotational movement is 100 tight or 100 loose aft er the rotational lock is 
released, use a liB-inch Allen wrench to adjust the two set screws on thc silver parI of the Cross 
Slide Assembly. 
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POSITIONING THE TRIPOD AND LASER HEAD 

Your choice of where to position th e laser Head depends on why you arc making your 
measurements, and where you ca n moun t your Optics . 

• If you arc ca librating iI machine tool, you will probably wamto make your measurements 
as cl ose as possible to the area where the tool meets the workpiece . 

• If you are checking the accuracy of a machine's distance measuring system, you wil l 
prob<lbly want to make your measurements as d ose as possible to Ihat sys tem, since any 
offset between your measurement axis and the di .. tance measuring system's axis may 
introduce enor. (See "ABBE' ERROR" information in Appendix U.l 

You can make all l aser System measuremCnlS for three di ffere nt axes from on ly two set-upsof the 
l aser Head. Th ese set-ups are pictured in Figure 4-5. 

Table 4-1 shows which measurements can be made with the lase r Head set up in the two positions 
shown in Figure 4-5. These measurements arc easil y made (rom these two setups since -

1. All the Optics have been designed around a common centerline, allowing complete 
interchangeability, for all measurements along an axis. 

For Distance and Angular measurements, you can use all of the same mounting hardware 
with no adjustments between measurements. 

2. Measuremen1S o n the " z .. axis can be made from ei ther the "x" or "Y" axis by turn ing the 
Distilnce and Angular In te rferollleters o n their sides, or by using d Turning Mirror for 
Strai ghtness measurement s. (See the individual measurement sections in thi s User 's Guide 
for more information aboUi how to do this.l 
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Figure 4-5. Positioning Tripod and Laser 
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Table 4·1. Mcasuremenf versus SelUp Axis 

To make this measurement Make your setup along 

Distance 
X-axis X-axis or Y-axis 
Y-ax is X-ax is or Y-axis 
Z-axis X-ax is or Y-axis 

Angular 

Pitch 
X-axis X-ax is o nly 
Y-axis Y-ax is only 
Z-axis X·ax is only 

Yaw 
X-axis X-axis or Y· axis 
Y-axis X-axis or Y-axis 
Z·axis Y-axis only 

Straigh lness 

Verti ca l 
X-axis X· axis only 
Y·ax is Y· axis only 
Z-axis X-ax is or Y-axis 

Hori zonta l 
X-axis X-ax is only 
Y·axis Y-ax is only 
Z-axis X-ax is or Y·ax is 

Squareness 
X-vs-Y X-axis or V·axis 
X-vs-Z X-axis on ly 
V· vs-Z V-axis only 

LEVElliNG THE LASER HEAD 

Pos itioning one les of the Tripod in line with the laser beam will usually make It easier 10 levellhe 
baseplate. 

Adiust leg length s unlil the baseplate is level, as indicated by the bubble level at the rear of the 
Tripod 's Mounting Plate. Do thi s by loosening the larse silver knobs on each les. Be sure you 
securely tighten these knobs when you have fin ished the leve lling opera tion. 

4·Y 
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CONTENTS 

SECTION 5 
INTERCONNECTIONS 

TURN-ON 

INTRODUCTION 
SAFETY INFORMATION 
CONNECTING THE LASER HEAD TO THE MEASUREMENT DISPLAY 
CONNECTING SENSORS TO THE MEASUREMENT DISPLAY 
CONNECTING THE REMOTE CONTROL BOX TO THE MEASUREMENT DISPLAY 
CONNECTING AN HP PERSONAL COMPUTER AND/ OR AN HP PLanER TO THE 

MEASUREMENT DISPLAY 
CHECK ING THE LINE-VOlTAGE SELECTION 
CONNECTING THE SYSTEM TO THE POWER LINE 
TURN-ON 

INTRODUCTION 

This User 's Guide section presents the information you should have 10 make the power and signal 
connections required by the Laser Measurement System. 

Some of the information in this Section is similar to that presenled in Section I, Section II , or 
Section III of the SS28A's Service Manual. 

If you are servicing the Laser Measurement System, or performing an Incoming inspection on it , we 
recommend that you refer to the S528A 's Service Manual for all the information you need, 
including connection information. 

SAFETY INFORMATION 

WARNING 

BEFORE THE INSTRUMENT IS SWITCHED ON, ALL PROTECTIVE 
EARTH TERMINALS. EXTENSION CORDS. AUTO-TRANS­
FORMER AND DEVICES CONNECTED TO IT SHOULD BE CON­
NECTED TO A PROTECTIVE EARTH GROUNDED SOCKET. ANY 
INTERRUPTION OF THE PROTECTIVE (GROUNDING) CON­
DUCTOR (INSIDE OR OUTSIDE THE INSTRUMENT) OR DIS­
CONNECTING THE PROTECTIVE EARTH TERMINAL WILL CAUSE 
A POTENTIAL SHOCK HAZARD THAT COULD RESULT IN 
PERSONAL INJURY. (GROUNDING ONE CONDUCTOR OF A 
TWO-CONDUCTOR OUTLET IS NOT SUFFICIENT PROTECTION.) 

WHENEVER IT IS LIkELY THAT THE PROTECTION HAS BEEN 
IMPAIRED, THE INSTRUMENT MUST BE MADE INOPERATIVE 
AND BE SECURED AGAINST ANY UNINTENDED OPERATION. 

IF THIS INSTRUMENT IS TO BE ENERGIZED VIA AN AUTO­
TRANSFORMER (FOR VOLTAGE REDUCTION) MAkE SURE THE 
COMMON TERMINAL IS CONNECTED TO THE EARTH TER­
MINAL or THE POWER SOURCE. 

S-1 
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WARNING (Conlinued) 

ONLY FUSES WITH THE REQUIRED RATING AND OF THE 
SPECIFIED TYPE SHOULD BE USED. DO NOT USE A REPAIRED 
FUSE OR A SHORT-CIRCUITED FUSEHOlDER; DOING SO 
COULD CAUSE A SHOCk OR FIRE HAZARD. 

WARNING 

LASER RADIATION IS EMlnW FROM THE APERTURE ON THE 
SS18A LASER HEAD. 00 NOT STARE INTO THE BEAM. THIS 
PRODUCT IS A CLASS II LASER PRODUCT CONFORMING TO 
FEDERAL BUREAU OF RADIOLOGICAL HEALTH REGULATIONS 
11 CFR 1040.10 AND 1040.11, ANO TO INTERNATIONAL LASER 
SAFID REGULATIONS. THE MAXIMUM OUTPUT IS 1 Milli­
WATT, THE PULSE SPECIFICATION IS CONTINUOUS WAVE. THE 
LASER MEDIUM IS HELIUM NEON, THE WAVELENGTH IS 
631.991 NM. 

CONNECTING THE LASER HEAD TO THE MEASUREMENT DISPLAY 

After you have mounlcd the laser Head on the Tripod (as descr ibed in $cction IV), or some other 
support, and have placed Ihe Measurement Display unit in the general lIidnity where it will be 
during measurements (wilhin 5 metres (16 feCI ) of the laser Head), you can connect these two 
units using the HP 10793A/ B/ C laser Head Cable included with the Measurement Display. 

The cable's connectors are Idenlical. You can connect either one of them 10 the mating connector 
on the rcar of the laser Head, and the other one 10 the matins connector on Ihe rear of the 
Measurement Display unit (see Figure 5-1 ). 

The connectors on this cable. and Iheir mating connectors on the Measurement Display unit and 
the laser I-lead, are " keyed" so they will go together in only one way. The connectors normally 
are quite easy to connect, and should not be forced. You'll see th<tl the plastic "boot" on each cable 
connector has a mark molded inlo ilth31 will be " up" when the connections are correctly made. 

The cable's connectors include a locking ring 10 lock the cable to the mOIling connector on the 
unit . When you halle connected the cable 10 its mating connector, turn the locking ring about 113 
turn clockwise to lock the two connectors together; Ihis will keep the cable from accidentally 
coming loose. You will feel the locking action as you turn the locking ring. 

CAUTION 

To prevenl possible dJlmJl8e 10 the M eilSuremenl DisplJly 
unit, be sure you lurn the line power off before connecting or 
disconnecting Jlny u ble lit jtl re~r pllnet 

CAUTION 

Be sure 10 unJoe" c.Jble connectors before you try to lepoJr.J te .J 
u ble from its m.Jling connector, Failure to do so can n use you 
to str.Jin the cable, d.Jm.Jglng II internally; it can ... 150 cause you 
to dam<lgc the conn« tors. 

Series 2704A 
Jan 81 
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REAR OF MEASUREMENT DISPLAY 
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REAR OF LASER HEAD 

Mo del 5528A 
Inl('f(OnnCCTions. TUln-On 

HP 1079lA/B/ C 
LASER HEAD CABLE 

Figure 5~1. Connectl/lg the Laser Head 10 the Measurement Display 
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CONNECTING SENSORS TO THE MEASUREMENT DISPLAY 

NOTE 

The sensors are used only for distance and velocity measurement!>, 
and their use is described in Section 6 of this User's Guide 
(" DISTAN CE MEASUREMENTS ''). 

If you have a 10751 Air Sensor andl or any 10757 Material 5ensor{s), attach their cables to the 
appropria te connectors on th e Measurement Display's rear panel, as shown in Figure 5-2. 

A1Iach the Air Sensor's cable 10 the connector labelled '·A IR SENSOR". 

You can attach the Material Sensor~ s ), in any Older, to the " MATER IAL TEMPERATURE" 
conneclarls j, marked " 1", "2", and "3". The plastic " boot" on cach cable ra nnectar has a mark 
molded into it that will be "up" when the connections are cor rectly made. 

The cable's con nector includes a locking ring to lock the ca ble 10 the mating connector on the 
unit. When you have connected the cable to its mating connector, turn the locking ring abou t 
1/3 turn clockwise to lock the two connectors together; Ihis wi ll kl:!ep Ihe cable from 
accidentally comir'8 loose. You will fee l the locking aclion a~ YOll turn the locking ring. 

CAUTION 

To prevent possible damage 10 the Measurement Display 
unit. be sure you lurn Ihe line power off before connecting or 
disconnecting any cable at its rear panel. 

CAUTION 

Be sure 10 unlock COiiIb~ connectors before you Iry 10 separate it 
cable from if!; mating connedor. Failure to do so can nuse you 
10 slrilin the nble. dilmaging it Internally; it can also cause you 
10 damage the connedors. 



10757C MATERIAL 
TEMPERATURE SENSOR 

10751 AIR SENSOR 
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Figure 5·2. Connecting Sensors fo file Measuremen( Display 
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CONNECTING THE REMOTE CONTROL BOX TO THE 
MEASUREMENT DISPLAY 

Connect the cable from the 05508-60021 Remote Control box to the Measurement Display unit's 
corresponding rear-panel connector. (Refer 10 Figure 5-3 ). The plastic "boot" on this cable's 
connector has a mark molded inlo it thilt wi ll be ;'up" when the connection is correctl y made. 

The cable's connector includes a locking ring to lock the cable to the mating connector on the 
unit. When you have connected the cable to its maling connector, turn the locking ring abouI1I3 
turn clockwise to lock the two connectors together; Ihis will keep the cable from accidentally 
corning loose. You will feel the Jocking action as you turn the locking ring. 

CAUTION 

To prevenl possible damilge to Ihe Measurement DlspJil)' unll, be 
sure you IUrn the line power off before connecting or dlscon­
necling any cable at its rear panel. 

CAUTION 

Be sure to unJock cable connectors before you Iry to 5eJNrate il 
cable from its mating conneclor. hilure to do so can Ciluse you 
to strain the Cilble, damasing it internillly; It can also cause you 
to damage the connt..octors. 
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Figure 5-3. Connecting thc Remote Control Box to the MCOJsuremen( Display 
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CONNECTING AN HP PERSONAL COMPUTER AND/ OR 
AN HP PLOTTER TO THE MEASUREMENT DISPLAY 

The HP~ I B ( Hewlell ~Packard Interface Bus) connec1or allows the laser Measurement System's 
capabilities to be increased by the addilion of other equipment. 

In this case, the other equipmen t you might connect here would be -

• an HP Personal Computer, 

• a compatible Digital Plotter. 

An HP Personal Computer is part of the HP Dimensional Metrology Analysis System (which 
includes the software required to make the Computer work with Ihe laser Measurement System). 
The Dimensional Metrology Analysis System is documented in a manual of its own. 

A Digital Plotter requires that the HP Personal Computer be connected to the laser Measurement 
System. The Plotter wil l not work with a laser Measurement System tha t does not have an HP 
Personal Computer connected to it. 

1. Make sure that the HP Personal Computer and the Plotter are correctly set up to operate from 
the line vohage avai lable at your site, then connect each of them to the power line. 

2. Connect the HP~ I IJ connectors of all uni ts in the syslem togcther, using one or two HP~ I IJ cables. 
Figure 5-4 shows where the HP~ I B connector islocaled on the Measurement Display unit's rear 
panel. 

If you cannot find the I-I P~ tB connector on you r I-IP Persona l Computer or Plotter, and have not 
been able 10 find Ihe required loca tion information in their respective Operating Manuals, 
contad your local Hcwletl ~Packard Sales and Service Office for assistance. 

The HP~IIJ cable connectors includes locking screws to lock them togcther. When you have 
connected each cable to to its mating connector, beginning wilh the connector on the 
Measurement Display unit's rear panel , tighten the locking screws; this will keep the cables from 
accidentally corning loose. 

NOTE 

On HP· IB cables - black screws have metric threads, silver 
screws have English threads. The connection al the Mcasure~ 
menl Display requi res metri c threads. Do not try to mate black 
and silver lock ing screws. 

CAUTION 

To prevent possible damage to the Measure ment Display unit, be 
sure you turn the line power off before conneding or discon­
nec::ling any cable at its rear panel. 

CAUTION 

Be sure to unlocli cilble connedors before you try to seperolte ill 
cable from its mating connector. Failure to do so can cause you to 
strain the colble. damaging It inlern .. Uy; it ca n also CiIIUse you to 
dillmage the connectors. 
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The HP-IB ceble aUaches to this connecter. 
Note: Black screws are melric/allver lerewa 

are english. The display requires 
melrlc conneclor acrewa. 

-

I !I' .• ........ ' 

~ 

• 

.......... .... ~ .............. .. .......... .. . .. . ... ... . . ... . ..... . .. ... . ... ... . ... . . . .... .... ... .. . . . . ... . . . . . .... . 
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Figure 5-4. HP-IB Connections 
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CHECKING THE LINE-VOLTAGE SELECTION 

To prevent damage to your l aser Measurement System, it must be correctly set up to operate from 
the power line voltage availab le OIl your sile. 

To check the line voltase setting, look through the window in the line Power Module on the 
Measurement Display unit's rear-panel; the numbers you read on the printed circuit board there 
indicate the (nominal) line voltage your unit is set up to use (see Figure 5-5 ). 

If it is necessary 10 change the setting of the line voltage selector in your unit. follow the instructions 
presented in Figure 5-5. Be sure the line fuse is changed to the required value. 

If any other equipment (such as an HP Personal Compu ter) is conm.'Cted to your laser 
Measurement System, be sure it is also corredly set up 10 operate from the linc voltage available at 
your si te. 

CONNECTING THE SYSTEM TO THE POWER LINE 

CAUTION 

To prevent serious dimige to your unit, do not conned ilto the 
power line If the line--volti ge number you read through the line 
power module's window is different from the power line voltage 
at your site. Instructions for changing the line voltage selection 
(and fuse) arc presented earlier In this user's gukie section. 

If your laser measurement system includes any optional line-­
powered equipment (such as an HP Personal Computer), be sure 
this equipment is ako correctly set up to operate from the line 
voftige iViililbie it your silc. 

Assuming thai you have followed the instructions presented so far in this User's Guide section, and 
that your Measurement Display unit is correctly set for the line vol tage al yOur site and is connected 
to the laser Head (and any optional equipment). you are now ready to connect the system to the 
power line. The line power connection for Ihe laser Measurement System is made via the 
Measurement Display unit's rear panel. 

One end of Ihe line power cord supplied with your unit is a three-conductor female connector Ihal 
males with the male-connector portion of the Measurement Display unit's rear-panel line Power 
Module. Note Ihat a safety-interlocking door is provided on the line Power Module; in order to 
conned Ihe line power cord, this door must be moved so it covers the fuse and rine-vohageselooor 
area. (Conversely, the fuse cannot be removed or the line-voltage selection changed with the line 
power cord connected, since the cord prevents the cover from moving away from this area. ) 

NOTE 

The laser Measurement System Is provided with a line power cord 
whose plug is appropriate for thc shipment destination. If the plug 
on your line cord does not match Ihe the line power receptacle at 
your site, refer to Ihe laser MeasurementSystem'sService Manual 
for the HP Pari Numbers of available line power cords. 



RECEPTACLE FOR PRIMARY POWER CORO 

THE NUMB! R IN nilS POSITION 1'"''''',,"'' 
THE NOMINAL LINE VOLTAOE SELECTED 

OPERATING VOLTAOE IS SHOWN IN MODULE WINDOW. 

When the Tho lowest 
line voltage line voltage 
numbor you you can use your 
read Ie - 'ystem on " -

100V 90V 

t15Vf l2QV ,.,V 

220V ,'8V 
230Vl2"OV 216V 

Model 5528A 
Inte rconnectio ns, Turn-On 

SELECTION OF OPERATING VOLTAGE 

1 01)41" cover door and ,Olal(l fuse-pull 10 la lt. 

2. Stlec! operl1no vol""", bv oflenllng PC oo.rd 
10 poIliion desired volt.gO on lOp-ifill 110. 
Push board firmly 11'110 module alO! 

3 ROI.lll fuH-pull back Into no, m.1 polilion 
/111(1 r.-ln l/l,1 ruse In hOi de", .... Ing clulloo 10 
lelect comiC! I ..... v.l .... 

---
The hlgtlcsi The filing ul 
line voltage the line ruse 
you can use yuur that must bfI 
system on 'II - Installed Ie -

",V ,. 
126V ,. 
231V ,. 
252V ,. 

~ 

Figure 5-5. Line Vo rage Selection 
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TURN-ON 

WARNING 

LASER RADIATION IS EMlnED fROM THE APERTURE ON THE 
5518A LASER HEAD. DO NOT STARE INTO THE BEAM. 

THIS PRODUCT IS A CLASS II LASER PRODUCT CONFORM­
ING TO FEDERAL BUREAU OF RADIOLOGICAL HEALTH REGU­
LATIONS 21 CFR 1040.10 AND llMO.11, AND TO INTERNA­
TIONAL lASER SAFETY REGULATIONS. THE MAXIMUM OUT­
PUT IS 1 MllLlWAn, THE PULSE SPECifiCATION IS CON­
TINUOUS WAVE, THE LASER MEDIUM IS HELIUM NEON, THE 
WAVELENGTH IS 632.991 NM. 

Press the "ON" side of the Measurement Display unit 's front -panel LI NE switch to turn on the l aser 
Measurement System (Measurement Display unit and laser Head). (Other units, such as an HP 
Personal Computer and Plotter, thai may be connected to the Laser Measurement System must be 
turned on via their own power or line switches.) 

At turn-on, the Measurement Display un it immediately performs a series of self-tests, and then 
waits for the laser Head to indicate that it has warmed up to its operating temperature. While 
waiting for the laser Head, the message " lASr COLD" will be flashed about once every fi ve (5) 
seconds. For a complete indication of the warm-up operation, refer to Figure 5-6. 
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SECTION 6 
DISTANCE MEASUREMENTS 

INTRODUCTION 
OPERATING SPECIFICATIONS 
HARDWARE REQUIRED 
OPTIONAL HARDWARE 
RE LATED MEASUREMENTS 
REFERENCE MATERIAL 
ASSEMBLY OF O PTICS 
INSTALLATION AND ALIGNMENT OF OPTICS 
MEASUREMENT DISPLAY SETTINGS. SENSOR USE 
MAKING A MEASUREMENT 
WHAT AFFECTS ACCURACY? 

INTRODUCTION 

This User's Guide section provides instructions for measu ring a distance along the Laser beam. 
Keep in mind thatlhe Distance measurement is made by measuring the change in position of one 
of the Optics whi le the other Optic is held stationary. See Appendix A for a description of the 
principles on whi ch this measurement is based. 

OPERATING SPECIFICATIONS 

Accuracy: 

Resolution : 

Distance measurements are accurate within the fo llowing tolerances 
depending on the velocity of ligh t compensation method and 
operating temperature. Va lues shown apply at a known material 
temperature with a known coefficient of therma l expansion. 1 

Metric Units Mode: 0.01 micron (0.00001 mm) 
English Units Mode: 1 microinch 

M aximum Velocity : 

M easurement 
Rangel Axial 

1BOOO mm/ minute (720 inches/minute) 

Separalion : (Typical , with proper alignment, 1S-2S°C). 

6-' 
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5508A Pow.r- Up 

The sail -test sequance IS as lollows. 

'. 1 1-' I S.I Dln ... HCI VIlOCITY "HOlI 'U"IOHniU' 

G @] @] 0 0 C · I I 
dd.l d d , 3 

b .1 8 . ,~, 'HOIIT HP-tB address IS displayed. II is set to 

I I 
3 al Ihe IActory 

8. 1. 1 DIIT4HC1 Yl! l OCUW .~. .,II.I().HTHtU e l 

0 B B [!] B Th is completes the sell-test 

I I d.I •• 
,,~ ' HOIIT oe.1 The display now start s to count down 

In seconds for a ten minute period or less 

I I 
" . 1 

1600 seconds maK.1 During th is t imo, the 
DI$UHCI VflOCITf "HOll IT""'OHTIIII' laser sou rce Is going throug h ils 

0 . 1 •• B B [!] 0 0 tuning cycle. 

I I 
It . 1 Every live seconds, the display 

,,~ ~~, will show. 1. 1 8. 

I I 
' . 1 DlITANCI VIlDCI" ~~. ItJl"'QHTNIU L A S , c 0 L d 

0 · 1 •• G 0 B 0 0 Indicating the laser is still tuning 

I 
,~ I HDII' 

h .I •• 
99· 1 When tho laser IS tuned , and the beam 

Is bein~ returned to the receiver porT 
W.I DI. IANel VtlDCIlW .. NOLI , III"'OH1NU. on the 518A, the display will flash : 

1. 1 •• I 0 G B G B 
,,~ ' IIDIIT L • S E , U P 

p · 1 If the laser is tuned and the beam is nOI 
being returned to the receiver . the 

I 
• . 1 P • S S display Will show: 

k. 0 0 0 0 0 0 0 0 0 0 

I 
, . 1 P • S S 2 P A E , 0 

I I , , 
I 

hh.\ II alter ten minu tes 1600 seconds ). the 

I 
v P A S S 3 laser has failed to tune, the display 

m. I • • • • • • • • • • wilillash: 

I I '"' P A S S 4 
L A S • • • • • • • • • • F A L 

"' 
L ARC· IIC 

iJ 
bb .1 C A L A ThiS Indicates either the 5518A is nOI 

connected to the 5508A or the laser 
0 . 1 9 9 9 9 9 9 • • • head needs service 

mm II one of the four tests fails, 

I It Will be shown on the display Note. During tho self-test. tho 
p . 1 9 9 9 9 9 9 9 9 9 9 keyboa rd is disabled. 

0 ·1 9 9 9 9 9 9 9 9 

IN 

9 9 I CC .I C A L b 
IMIN 

, I 9 9 9 9 9 9 9 9 9 9 I 
.eo 

Figure 5-6, Warm-up Routine 
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Optics Configuration 

Maximum Moving Retroreflector 
Separation (Interferometer Moving 
and Range Within 5 Metres Interferometer 

of Laser Head) 

Axia l Separation 50 metres 15 metres 
(Head to (165 feet ) (50 feetl 

Ret rorefiec to r ) 

Measurement 40 metres 15 metres 
Range (130 feell (50 feet ) 

(Distance of T rave l ) 

Velocity of Light (VOL) Compensation Method 

Manual 
Operating (VOL Exactly Automatlc3 

Temperature Known In (Using 10751A/B 
Range2 Beam Path) Air Sensor) 

19.5- 20.5° C ± O.l ppm ± 1.5 ppm 

15-25° C ± O.l ppm ± 1.7 ppm 

0- 40° C + 0.1 ppm ± 3.0 ppm 

'If aUlOmalic material temperature sen ~illll Is used, the sy~ t em error will be Increased by Te IPpm\. 
Te Ippm \ .. cocfficient o f expansion in ppm/oC X a vef~lIe ~en !K) f errOf In 0c. 
ISee 10752A/B Ma_lmum Scn~o r Enof Specificat ion .) 

2Temperature of ~II sysTem components ar e stabili zed ~nywhere with in the tempenture ranlle shown. 

3107511\ / B mounted In recommended or ientation. 12 month calibra tion Interval used. Humidity switch set to posl,ion 
clo~stto actual humid ity. If humidity switch set 10 50%. tolerancc~ are 1.75 ppm at 200 e, 2.00 ppm at 15-25°e, and 3. 70 
ppm at 0-40°C. If 10751A/ 6 mounted incorrectly, add 2 ppm. 

HARDWARE REQUIRED 

In addit ion to the hardware requ ired for any measurement using the l aser M easurement System 
(see Figure 4.1 " any Distance measuremen t requires the hardware shown in Figure 6·1 . 

OPTIONAL HARDWARE 

O ptional hardware, shown in Figure 6·2, can be connected to your l aser Measurement System to 
allow measurements to be made faster, more accurately, or wit h less effort on your part. 

RELATED MEASUREMENTS 

Veloci ty M easurements .. .. . .. .. ... .. . ... .. . . . .• .. . .. . . ... . . ........... Section 7 

REFERENCE MATERIAL 

Physical Setup of the laser Head and Tripod .... •. •.. . ..... . ............. Section 4 

Interconnect ions, Turn·on ..... . ................ . . . . ..... ,', ... .. •.. , ... Sect ion 5 

Alignment Techniques .... . ... . , ... .. .... . , ...• • . ,.,., ..... ... .. , . . ... 5ection 15 
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"""-- 2 EA. 10785A POST 
AND HEIGHT ADJUSTER 

1 EA. 10784A BASE 
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1 EA. 10766A LINEAR 
INTERFEROMETER 

2 EA. 10767A LINEAR 
RETRQREFLECTORS 

Figure 6· ·'. Hardware Require or any Distance MeRsuremellf 
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1, 2,3 EA.10752A MATERIAL 
TEMPERATURE SENSOR 

Figure 6-2. Oplional Hardware 

1 EA. 10751 
AtR SENSOR 
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ASSEMBLY OF OPTICS 

Interferometer Assembly 

A Distance measurement is made using two Retrorefleclors and one Inlerferometer. 

The Interferometer is placed in the path between the laser Head and the two Retroreflectors , as 
shown in Figure 6·3(a). In actual practice, one of the Retroreflectors wi l l be physically attached to 
the Interferometer and the othcr one will be allowed to move with respect to thc Interferometer. 

When planning your setup, it is import ani 10 note that the " tai l" end of one of the arrows on the 
Interferometer's label must be toward the laser Head, and Ihe " head" of each of the arrows muS( 
point toward a Relroreflector, whcthcr attached or moving. 

Whcn the measurement you want to makc is along the laser beam, your Interferometer Assembly 
will look like Figure 6-3(b). 

When the measurement you want to make is along an axis at right angles to the laser beam,your 
Interferometer Assembly wi l l look like Figure 6-3(c). Note that each of the views in Figure 6-3 is a 
side view. 

Attach one Rctroreflector to the Interferometer as shown in Figure 6-3(b), using the two smal l 
knurled screws included with the Retroreflector. In actual practi ce, you set up for a measurement 
perpendicular to the Laser beam the same as shown in Figure 6-3(b), except you rotate the 
Interferometer unlillhe arrows point In the directions you need. (See Figure 6-9 for sel-upS for 
Distance measurements perpendicular to the laser beam.) 

For the rest of this section, we will refer to this assembly of Interferomeler and Relroreflector as 
the "Interferorneter", 
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8. DISTANCE MEASUREMENTS 

LASER 
HEAD 

b. IN-LINE MEASUREMENTS 

LASER 
HEAD 

c. MEASUREMENTS ALONG 
A PERPENDICULAR AXIS 

LASER 
HEAD 

---

------

----

Q 10767A LINEAR 
RETROFLECTOR tt 

I 
(B -~=D 

"0766A LINEAR 
INTERFEROMETER 

----0-.. ----
Q 

H 
I 

Figure 6-3. Interferometer Assembly 
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INSTALLATION AND ALIGNMENT OF OPTICS 

Important Considerations 

1. The Interferometer Assembly must be located between the Laser Head and the Re!roreflec!or 
in the laser beam. 

2. The beam from !he laser Head mus! enter the Interferometer al the "tai l" of one of the arrows 
on il.s label. 

3. Vibrations ilnd loose conneclions musl be minimized by proper mounting. Avoid long 
extensions. Make sure that all supports arc completely stationary. A spindle, for example, 
must be secured by a brake so it won't rolate. (If a brake isn't avai lable try using a hose damp 
or it wedge.) 

4. The laser beam must be returned to the bottom port on the Laser Head's turrel. 

5. The Oplics must be aligned to Ihe laser beam well enough to keep the cosine error al an 
acceptable level. (See "What Affects Accuracy?" and the "Error Budget Worksheet" .) 

6. The Optics must be aligned to the laser beam well enough to keep the Beam St rength 
Indicator In the green region along the entire Optia' palh. 

7. If the Angular Optics have previously been installed, you can install the Distance Optics by 
simply changing the Optics, without changing the mounting hardware. 

8. The laser HC3d turret ring should be set to " OTHER ". 

Description 

1. You wi ll initially posi!ion the Optics around the laser beam while they arc al the near end of 
travel using the procedures below. 

2. Next, you will adjust the laser Head to Irack the Optic's progression along the travel path, 
while maintaining the beam's near·end·of·lravel position. (See "GUNSIGHT" alisnmenl 
method in Seclion 15 of this User's Guide.) 

3. Finally, you will check your alignment to Insure the " Important Considerations" #5 and #6 
have been fulfilled . 

NOTE 

Use of the Gunsish l Alignment method is described in the 
following procedure. Once you become familiar cnouSh with 
alignment principles. you may want (0 start with " Autore· 
flection" (described in Seclion 15) or to align by the same 
philosophy as the " Gunsight" method, bUI without targets. (This 
is called the "Overlapping Dots" method and is also described in 
Section 15) 
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Procedure 

1. Move the moveable pari of your machine as close to the laser Head as possible. 

NOle Ihal the "moveable" part of the machine may depend on the axis you are measuring. 
That is, the "X"·ax is moveable part may not necessarily also be the "V"-axis or "Z"·axis 
moveable part . 

This will keep the machine from hilfing the laser Head during a measurement and will help 
establi sh the "near end of travel ". 

2. Visua lly align the laser Head as well as you can parallel to the direction of travel and position it 
at an appropriate height . Some th ings to consider arc -

• Position for an axis appropriate for what you want to do (review Section 4'5 material 
o n this ). 

• If you think you will be making a Stra ightness or Squareness measurement latcr, 
establish a mcasurement axis at a hcight above the tabl e that will allow easy 
interchangins of the Optics. To do this, mou nt a RetrarefieclOr on a Height Adjuster 
that is flush with the lap of the post supported by the base; then position the laser 
Head so the return beam from the Retro reflector enters the laser Head's lower port. 

• Use" Autoreflccti on" to help you do this once you become proficient at laser 
Systcm measurements. If you use " Autoreflection" you won't have to do any further 
alignment, you ' ll on ly need to check for beam strength and cosine erro r once you 
have installed the Opti CS. 

3. Decide where you will position the Optics 50 that : 

• The Interferometer is between the Refledor and the laser Head. 

• One Optic is where the tool mounts and the other is where theworkpiece mounts. 

• The Optics are at the " near end of travel". (This means thai any subsequent motion 
of the machine will separate the Optics further rath er than bring them doser 
together. ) (See Figure 6-4. ) 

• If you want to measure perpendicular alCes from the same laser Head position, 
position the Interferometer o n II part of the machine that remains stationary and 
can serve as a beginnins point to measure th ese axes. (See Figure 6-9. ) 



INSTALLATION IF TABLE MOVES 

INSTALLATION IF SPINDLE MOVES 

INTERFEROMETER 
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Figure 6·4. P05ifioning the Optics 
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4. Allach the Interferometer and the Retroreflector to a t'leight Adjuster and Post to accomodate 
the positions you chose in step "3" , {See Figure 6-5 and figure 6-6.1 

a. For the Optic you mount on the table, support the post with a base. If you think you will 
be making a Straightness or Squareness measurement later. position the Height Adjuster 
(Jush with the lOp of the Post. to allow easy interchanging of the Optics. 

b. For the Optic you mount in a spindle, either ilttach the Height Adjuster to a Post as you 
would for table mounting, or screw the Post into the Height Adjuster after removing the 
large knurled knob. This latter arrangement will make it easier to change to Straightncss 
Optics. 

c. For longer distances it is important to reduce beam scattering by making sure the laser 
beam does not strike the corners of the glass inside the Retrorerlector. Do this by turning 
the Retroreflector so none of the corners are vertical , You can see the corners as the 
three lines that arc closest to the Retrareflector's front surface. The other three lines are 
reflections. This will help maximize beam strength. 

5. Select the small opening for the laser Head's exit port. and rotate the target into place over 
the laser Head's bottom (return ) port. 

6. Move the Interferometer in the laser beam while watching the front of the laser Head. 
Position the Interferometer or the Laser Head so the return beam is centered on the Laser 
Head return port's target. 

7. Secure the entire assembly to the machine in such a way that the Interferometer is as square 
as possible relative 10 the incoming beam. (Pitch limitations are ±2 deg/ees. yaw and roll 
limitations are ±5 degrees.) The pitch requirement will be taken care of automatically by 
using the HP 1078SA Post and Height Adjuster. 

6. Position the Retroreflector as closely as possible to the Interferometer. Look althe front of 
the Laser Head and adjust the Retrorertector until its return beam also hits the bottom port's 
target. Block the laser beam path between the Interferometer and Retroreflector to 
distinguish between the two returning beams. (The dot that rernainson the front of the laser 
Head is the Interferometer's return beam. It may be helpful to start by lining up the edges of 
the Retroreflector with those of the Interferometer.) 

9. Secure the Reflector assembly 10 the machine. 

10. Attach the largels 10 the Interferometer and Relroreflector, so that -

• the hole in the Interferometer's target is centered around the beam, and -

• the crosshairs on Ihe Retroreflectar's target arc also centered on the beam. {See 
Figure 6-7.} 

11. You arc now ready to align the Laser to the machine's travel. 

Turn to Section 15 of this User's Guide and follow the instructions there for "GUNSIGHT" 
aliHnment. 
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OISTANCE INTERFEROMETER WITH TARGET 

NOTE: THE TARGET SHOULD BE POSITIONED WITH 
THE 3MM HOLE UPPERMOST ON THE INTERFERO­
METER AND WITH THE CROSSHAIRS UPPERMOST 
ON THE RETROREFLECTOR. 

DISTANCE RETROREFLECTOR WITH TAAGET 

Figure 6-7. Inferferomeler and Retroreflec!or, wifh largels 

Checking Alignment for Beam Strength 

1. You are now ready to make sure you have sufficient beam strength over the full length of travel. 

2. Open both laser Head ports to their largest openings. 

3. Move the Optics over their full travel length while watching the BEAM STRENGTH meter. 

Any reading in the meter's green area indicates sufficient beam strength. 

4. If the meter's reading goes into the red area al any time, return the Oplics to their "near-end­
of-travel" position and reposition them so their return dots overlap on the laser He .. d's 
crosshair target (after you rolale the target into posi tion at the return port and rotate the sma ll 
aperture into position at the exit pori ). Then repea t both alignment checks. 
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Checking Alignment for Cosine Error 

NOTE 

1. The following tech nique is the on ly way to te ll how large your 
cosine e rror is. This in formation is imporlant in he lping 
you determine the final accuracy of you r laser Measure~ 
ment System. (See "WHAT AfFECTS ACCURACY" and the 
" ERROR BUDGET WORKSHEET". near the end of this User's 
Guide Section.) 

2. You should always use this techn ique to check how well your 
system is al igned , whet he r you have used the Gunsigh t, 
Auloreflection, or Overl apping Dots alignmen t method . 

1. Remove the Optics' targets, if you used them. Make su re that the exit port's smallapenure is 
selected, lind the return port 's larget is in place. 

2. Observe two dots on the l aser Head's relUrn port tar get. The dots may be overlapped 
com pletely (thus appearin g as a single dot ). 

3. Move the machine you are meas urin g over its fu ll length of travel. 

4. Observe how much motion occurs between the Iwa dots. Note that it 's the ch~n8e in spacing 
between the dOIS, nOI the original spacing between them. th at's im portant. One dot should 
not move. depending on which Optic is stationary. If there is any motion, cosine e rror Is 
present. (Sec Figure 6~8.) 

0 

0 

--I 

0 
...2.. 
=-
0 

=~ I 
J 

r- S & THE DISTANCE THE DOTS MOVE 
WHILE MOVING ONE OPTIC ALONG 
THE MEASUREMENT AXIS, 

Figure 6~8. Visual indication of Cosine Error 
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5. Calculate the amount of cosine error as follows -

a. Judge the amount of motion between the dots. 

The smallest motion you are likely to perceive is about 0.25 mm (0.010 inch). let this 
distance be "5" in the formula below. 

b. Determine the length of machine (Optic) travel. let Ihis be "D" in the formula below. 

c. Your cosine error ("En) will then be-

E = ~, in parts-per-million, or-
802 

E X 0 , in absolute terms, 

For elCample, assume that -

The movement of the dots on the laser Head's turret is 0.5 mrn (0.020 inch), and-

The amount of machine (Optic) travel that produced th is movement is 500 mm 
(20 inches). 

The amount of cosine error wou ld be -

0.13 ppm, or 0.00006 mm (0.000003 inch) 

6. Usc the "Error Budget Worksheet" (See "WHAT AFFECTS ACCURACY?") to find out jf the 
cosine error in your setup is within the limits you need for your measurement. If the cosine 
error is larger than you can tolerate, use the "OVERLAPPING DOTS" alignment method 
(described in Section 15 of this User's Guide) to reduce any motion between the dolS. 

tn some cases where the travel path length is very short, there may still be cosine error, even 
though there seems to be no molion between the dots. For elCample, if -

5 = 0,2 mm (0.008 inch), and -

0 "'" 125 mm (4.92 inches), then -

E = 0.3ppm, and the 

absolute error :::: 0.3 ppm X 125 mm == 0.00004 mm (0.000002 inch). 

In these cases, you shou ld use the " Maximum Measurement Reading " methou to reduce 
cosine error. 

Measurements Along A Perpendicular Axis 

When a measurement axis Is perpendicular to the Laser beam, mount the Interferometer in line 
with the laser, and at the end of the alCis you will be measuring (see Figure 6-9 for illustrations of 
set-ups for Distance measurements perpendicular to the Laser beam). Be sure to rotate the 
Interferometer so the arrows on its side line up with the Laser beam and the measurement a)(is. 

To align the Laser Measurement System along an alCls perpendicular to the laser beam, attach the 
Interferometer target to the opening facing the Laser Head (see Figure 6-7) and follow the 
instructions presented in the preceding few pages. 
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Figure 6-9. Three AKes Positioning of Optics 
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Other Mounting Requirements 

Although we have tried to provide you with a mal(imum of mounting flel(ibili ty, there may be 
situations when you need more capability . For more information, you should turn to Appendil( C 
for dimensions of the Optics, and the Mounting Hardware. 

Figure 6-10 shows how you can use two Height Adju sters and their Posts to make a righI-angie 
mount. 

o 
OR RETROR EFLECTOR 

Figure 6-10. Right Angle Mounting 

MEASUREMENT DISPLAY SmINGS, SENSOR USE 

Selecting "Measurement Units" 

The Measurement Display can give you your measurement results in either "English" (inches, 
degrees Fa renheit, etc. ) or "Metric" (mm, degrees Celsius, etc.) units. You make the selection by 
setting the togg le sw itch on the Measurement Di sp lay unit's rear panel. (See Section 16, 
"CONTROLS. CONNECTORS, INDICATORS". ) 

The toggle switch is the " locking" type. To change the selling of Ihe rear-panel "English/ M etric" 
toggle switch -

1. Gently pull the switch handle "OUI", along its current position. 

2. Move the switch to the position for the units you want to use. 
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3. Release the switch handle; this will allow it to lock OIl Ihe new selling. 

When you are entering data via the Measurement Display unit 's keyboard, remember to enter 
values appropriate for the measurement units you have selected; also, you can ', mik "English" and 
"Metric" units (inches and degrees Celsius, for ekample). 

If you change the selling of the rear-panel ENGLISH/ METRIC switch, all previously-entered values 
will automatically be converted to equivalent values in the newly-selected system. 

To provide your laser Measurement System with information it needs to know about the 
environmental and material conditions at the time of measurement, use the appropriate procedure 
below, depending on whether or not you have one or more sensors connected to the 
Measurement Display unit . 

Using Sensors 

Sensor Attachment 

The Air Sensor and Material Sensor(s) should already be att3chcd. See Section 5 for instructions. 

CAUTION 

To prevent possible damage to the Measurement Display unit, 
be sure you turn the line power of( before conneelins or discon­
necting any Cillblc at Us ,en panel. 

NOTE 

Be sure to " lock" the connections, so they won 't accidentally 
come ur,donc. 

Sensor Placement 

In order to accurately correct for the effects of environmental and machine temper,lture on the 
laser reading, you must locate the sensors where they can accurately monitor the conditions 
influencing the laser. The 10751 Air Sensor (which monitors the atmospheric conditions) should 
always be mounted as closely as possible to the actual M(ASUREMENT PATH, so it can monitor the 
conditions the laser beam is experiencing. When monitoring material temperature to account for 
material ekpansion, the 10757 Material Temperature Sensor should be placed on the part of the 
machine closest to its displacement measurement system. 

As an example for sensor placement , let 's consider making a measurement on a mill, shown in 
Figure 6-11 . In this case, il is easy to determine where the sensors should be. The 10751 Air Sensor 
should be placed nCkt to the beam in the measurement path. The 10757 Material Temperature 
Sensor should be placed as cl ose as possible to the machine'~ displacement measurement syslern. 
For Ihis rnachine, it is the table top. 

NOTE 

The Air Sensor should be mounted with i ts arrow pointing up, to 
maximize accuracy, as shown in Figure 6-12. It should also be 
located in an area with good air flow. 



10751A AIR SENSOR', 

10757A MATERIAL 
TEMPERATURE SENSOR S 

Figure 6M 1'. Sensor P/acemenl 

figure 6-1 2. Air Sensor Orientation 
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Adjusting for Humidity 

The 10751A Air Sensor has a " Humidity" switch on one side (opposite its connecting cable). You 
must set Ihe swit ch handle to the position corresponding tathe relative humidity in the area you are 
measuring. The choices are " 25'Ai" , "50'X-." , and "75W,". 

Measurement Display Settings (with sensors) 

Measuremenl Mode Keys 
DI STANCE 8 Push .he DISTANCE key. 

Set-up Keys 
NOTES 

1. To enter a value for any key -

a. Use the ENTRY keys to specify the numeric value. then -

b. Prcss the key to assign the value to that key. 

2. To check Ihe current status of any of these keys, just press the 
key. Then press the key again, to return to the mode you se­
lected earlier. 

3. More information about each key is available in Section 16 of 
Ihis User's Guide. 

El 
( ~:J~J 
PRESET 8 b. 

r;;;;! c. 

~ 
Md. 
~ 

Material Temperature and V.O .L. arc now automatically calculated and 
updated, so you do nOI have 10 enter any information with these keys. 

Enter a presel number (constant ) if you want one used. The value you enter 
will be added 10 Ihe measured results and Ihe Iota I will be displayed. If you 
do nOI enter a number " 0 " is automatically used here. 

Determine which direction you want to be " positive" and usc this button 10 

make sure it happens. 

Enter the EXPansion COEFFicient for the materia l whose temperature you 
are measuring. Enter Ihe value in pans-per-million-per-degree (ppm/ 
degree). For steel. Ihe expansion coefficient is 11 .7 ppm-per-degree c. You 
should enter -

11.7 

M 
then press ~ 
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NOTE 

Be sure the Measurement Display unit's rear-panel ENGlISH/ 
METRIC swi tch is set tothe system you will be using, and that you 
enter your value in the appropriate units. 

Determine the resolution you need from the accuracy you want. Enter the 
number of places you want, and then press this key. Resolution extends to 
five places (0.00001 ) for millimetres, and to six p laces (O.OOOOOl ) for inches. 

This key also allows you to " smooth " your data by cntcring a positive 
number. A negative resolution number w ill remove any smoothing. Smooth­
ing reduces the effects of vibration. 

Measurement Display Settings (without Sensors) 

Measurement Mode Keys 
DISTANCE 

Setup Keys 

EJ 

Push the DISTANCE key. 

NOTES 

1. Making a measurement without using the au tomati c sensors 
is practical only when the measurement environment is not 
changing, since it is difficult to continually update your com­
pensation data manually while the measurement is running. 

2. To enter a value for any key -

a. Use the ENTRY keys to specify the numeric value, then -

b. Prcss the key to assign the va lue to that key. 

3. To check the current status of any of these keys, just press the 
key. Then press the key again, to return to the mode you 
selected earlier. 

4. More information about each key is avai lable in Section 16 of 
this User's Guide. 

a. You must calcula te the V.D .l. compensation number using Section 19 of 
this User's Guide. 

You wi l l need to determine Ihe air pressure and the air temperature to de­
termine the Compensation values shown in Section 19. 
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NOTE 

The default value for V.O .l. is 728.8. (This corresponds 10 an air 
temperature of 20°C (66 Fl, an air pressure equivalent to 760 mm 
(29.921 inches) of Mercury, and relative humidity of 50%. 

Enler the calcu lated compensation radar by pressing -

000008 
b. Measure the average material temperature by some means and enter it by 

pressing -

00000 
NOTE 

The default value for MATL TEMP is 20° C or 68° F. 

r:::J 
~ 

PRESET B e. Enter a preset number (constant) if you want one used. The va lue you enlerwlll 
be added to the measured results and the total will be displayed. If you do not 
enler a number, "0" is automatically used here. 

Determine which direction you want to be "positive" and use this button to 
make sure it happens. 

EXP 
COEFF @g e. Enter Ihe EXPansion COEFFicien t for the material whose temperature you 

are measuring. Enter the value in parts-per-mi!lion-per-degree (ppm/ 
degree). For steel, the expansion coefficient is 11 .7 ppm-per-degree C. You 
should enter -

(AESOL) 

11.7 

then press r.;J 
~ 

NOTE 

Be sure the Measurement Display unit's rear-panel ENGLISH/ 
METRIC switch is set to the system you will be using, and that you 
enter your value in the appropriate units. 

L Determine the resolution you need from the accuracy you want. Enter the 
number of places you want, and then press this key. Resolution extends to five 
places (0.000011 for millimetres, and to six places (0.000001) for Inches. 

This key also allows you 10 "smooth" your data by entering a positive number. 
A negative resolution number will remove any smoothing. Smoothing reduces 
the effects of vibration . 
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MAKING A MEASUREMENT 

System Checks 

1, Make sure both Laser Head ports are swi tched to their large apertures. 

2. The laser Hcad turret must be sct to "OTHER ". 

3. The laser Head's " READY" indicator must be lighted steadily (i.e., not blinking), 

4. Make su re the laser Mcasurement System is properly imcrfaced with ot her instruments, as 
needed to record your data. 

a. If you record your data manually, no interfacing is necessary. 

b. If you want to record your data automatically , but you aren't using the HP Dimensio nal 
Metrology Anal ysis System or another HP-IB controller, you must have an HP-IB 
compatible printer connected to the Measurement Display unit, vi3 the rear panel HP-IB 
(" IEEE STD 488 PORT") connector. You must also make sure the Measurement Display is 
set-up to output to a printer via HP-IB. See Section 16 and foll ow the instructions for "Data 
Transfer withou t an HP-IB Controller". 

c. For forrnalted automatic records, you shou ld have the HP Dimensional M etrology Analysis 
System or 3n !-tP-1I3 controller with your own programs to make it work with the l aser 
Measurement System, The HP Analysis System comes with an HP Personal Computer and 
programs to make it work with the l aser Measurement System. The operating manual for 
the An31 ysis System will explain how to use it. In either case, you musl firSI make su re the 
Measurement Disp lay is sel-up to accept a controller via HP-II3. See Section 18 and follow 
the instruct ions for " Data Transfer with an HP-IB Controller". 

Procedure 

1. Push the RESET key on the Measurement Display or on the Remote Control unit connected to 
the Measurement Display. (Remember to do this only when the Optics are as close together as 
poss ible 10 prcvent " deadpath error",) 

2. Move one of the Optics a predetermined distance. 

J. Press the RECORD button on the Remote Control Unit. One measurement is made each time 
you press this button. 

If an HP Personal Computer or an HP-IB Printer is not conneded to the Measurement Display unit, 
pressing RECORD will cau se the message " lr Error" to be displayed, 

WHAT AffECTS ACCURACY? 

The laser Measurement System's Distance measuring accuracy depends on the System's ability to 
adjust for environmental chanSE5 and on your ability to sel up and operate the system properly. [n 
the next few pages we will describe some potential measurement errors, examine how they affect 
Distance measurements, and what ciln be done about them to ma ximize measurement accuracy. 

The laser Measuremcm System has an inherent accuracy l imit of 0.' part-per-million. All of the 
following measurement errors add to this value. 
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Distance Measurement Error Sources 

Sources of error in a Distance measurement arc -

1. Measurement of air temperature, pressure, and humidit y to determine the veloci ty of light 
(V.O .l. Compensation) 

2. Material temperature measurement 

3. Mis-alignment between machine travel and Laser Measurement ax is (Cosine Error) 

4. Uncompensated measurement path lengths (Dcadpalh Error) 

The accumulation of all the crrors listed above determines the overall accuracy of Ihe Laser 
Measurement System in your application. 

An "Error Budget Worksheet" has been included at the end of this section to hclpyou keep track of 
each potential error and it s magnitude for each measurement you make. 

Velocity-Of-Light Compensation 

Description 

The wavelength of the light produced by the Laser is used as the reference for Dlslilnce 
measurements. Thc waveler'8th of any light , however, depends on the velocity of light through 
air. This, in turn, depends on the temperature, pressure, and (to a lesser elC tent) humidity. 

Thus the absolute accuracy of the laser Measu rement System is dired ly determined by how 
accurately the ambient conditio ns are known. SpeCifically, a Distance measurement can vary one 
part per million for anyone of the following -

• An air temperature change of 1 degree Celsius (2 degrees Farenheit ), or -

• An air pressure change of 2.5 mm (0.1 inch) of mercury, or -

• A change in humidity of 80 percent. 

Minimizing Effects 

The Measurement Display unit multiplies the number of wavelengths it counts (from the laser 
Head) by a compensation faClor for the velocity-ol. light. thereby correcting for any difference 
between the "currenl " veloci ty of light (in air) and Ihe velocity of l igh t in a vacuum. 

This calibration factor can be determined and entered either manually or automati cally. 
Attaching the 10751 Air Sensor will automatically provide the calibration data; otherwise, you 
must calcu late the correct ca libration numbers and enter them manually. (Remember that 
manual entry won 't provide au tomatic co rrection fo r changing cond itions. ) 

For manual entry of the compensat ion factor , you must -

• Determine thc correct compensation factor from Sect ion 19, "V.O.L. Campen· 
sation Factor". 
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• Enter the factor into the Display with the ENTRY keys . 

• Press the V.O. L. key. 

Both automatic and manual compensation for V.C .L. have been described earli er in this User's 
Guide sect ion, under the heading " MEASUREMENT DISPLAY SETTINGS, SENSOR USE". 

Material Temperature Measurement 

Description 

Most materials change size as a result o f a change in temperature. If a part is measured at two 
different temperatures, two different measurement va lues will result (unless, of course, the 
length of the measurement device changes at the sa me rate as what is being measured). This 
difference can easil y be as great as one part in 104 , and be o ne of the most signifl canl sources of 
error In a Dislance measurement. 

Measurement errors result from not identifying material expansion or contraction due 10 

temperature changes. Ideally, any Distance measurement made with the Laser Measurement 
System would be do ne in a temperature~co ntrolled room held at the standard temperature of 
eKactl y 20 degrees e (68 degrees F). Th en all parts wou ld be at their "true" size, as defined by the 
Internat ional Committee on Weights and M easures. 

Since a temperature·controlled room is not always avai lable, some way of comparing 
measurements made at differentlemperatures is needed. The important thing thai you need to 
know is the temperature of the material at the time you measure il . This information, and the 
material 's coefficient of expansion (whi ch, for most materfal s, can be found in reference 
handbooks) allow you to determine the amount of change due to temperatu re change from one 
measurernent to another. 

Minimizing Effects 

The La ser Measurement System can aUTomatical ly minimi ze the effect o f materlallemperature 
on your measurement , It does this by adjustIng its actual measurement to what the measurement 
va lue would be al the standard material temperature of 200 e (68 F), given the mater ial 's currenT 
temperature and its coefficient of eKpansion. To cause th is adjustment to be made, you must-

1. l ook up the coefficient of eKpansion of the materia l of the machine 's displacement 
measurement system. 

2. Enter thi s value via the Measurement Display unit 's front ·panel keyboard, usi ng the ENTRY 
keys followed by the EXP e OEfF key. 

3. Determine the temperature of the machine's displacement measurement system, either 
automatically with the HP 10757 Material Sensors or by some other me;ans. 

4. Prov ide the Measurement Display with the material temperature. If determined with an HP 
10757 Material Sensor , this will be done automati ca ll y. If determined by some other means, 
Ihis mUSI be done via HP~ IB Of by entering the value via the front keyboard . 

Enabling the M easuremen t Display to do the above is also discussed in the secli on titled 
" MEASUREMENT DISPLAY SETTINGS, SENSOR USE". 
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Misalignment Between Machine Travel Axis and Laser Measurement 
Axis (Cosine Error) 

Description 

If the Laser beam's path doesn't duplicate the machine's travel path you won' t be measuring the 
actual path, but" path offset by some angle. The resulting error is called "Cosine Error" and 
depends o n the true path length and the cosine of the offset angle. (See Figure 6-13) 

Minimizing Effects 

Cosine error is reduced by making the Laser beam parallel to the Optics ' travel path. Parallelism is 
Indicated by the absence of motion between the return dots from I he Int erferometer Assembly 
and the Retroreflector al the laser Head's bottom port, as the Optics are moved along the 
measurement axis. 

The " OVERLAPPING DOTS" alignment method. described in Section 15 of this User's Guide. 
describes how to minimize Ihe mol ion between the return dots and, therefore, minimize the 
cosine error. 

In special shari-distance. high-accuracy, measurement situal ions. lack of motion betwccn the 
return dots is not a strong enough assurance of minimal cosine error. In these cases, you should use 
the "Maximum Measurement Reading" technique. described in Section lS, to reduce cosine error 
to CI negligible level. 

LASER 
BEAM 

-1 r- LASER WAVELENGTH 

~'i-" 
~~t' 

,~'i-

p' 

.. d' II 
I "', I III 

, I I I", LASER BEAM DIRECTION p" 

Figure 6-13. Cosine Error 
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Uncompensated Measurement Path Length (Dead path Error) 

Description 

Thi s is iI comp lication of the "Veloci l y " Or ~ Light " error. 

Compensa tion for ve locit y-or-ligh t error is applied on ly in proportion 10 the distance measured. 
The error, however, exists over the who le path between the Optics, including th ose parts not 
measured. Any time the laser Measurement System is reset with some di st ance c)(isting between 
the Opt ics, the length of the "open" distance will be uncompensa ted, and w il l resul t in an error. 
The name for this kind of error is " Deadpa th Error ". 

Minimizing Effects 

To minimize the amount or thi s error, the only time you should reset the laser Measurement 
Sys tem is when the Optics are as dose IOgelher as possible. 

The on ly way this error can be elimina ted is to reset the Laser Measurement System when the 
Optics jnot thei r bases) are ac tuall y touching. ror most appliciil tions, reselling when the Opti cs 
are wiThin five centimeters [2 inchesl will be enough to nullify the error. 

Using The " Error Budget Worksheet" 

The objective of this worksheet is to maximize the La ser Measurement System accuracy level by 
" budgeting" am0l18 potential sources of error. 

Use this worksheet for each ax is you measure. Follow this procedure. using Figure 6-14 as an 
example. The numbers in parentheses in the procedure below are those used in Figure 6-'14. 

1. Ident ify the axis ('"X''). 

2. Identify the length of tra vel (SOB mm, 20 inches). 

3. Determine the dccuracy you need. You will genera ll y need an accuracy at least three tim es 
betler than the accuracy specificat ions of what you are measuring iO.00424 mm, or 0.000167 
inch ). 

4. Identify the accuracy of your compensa tion for velodty-of-li~ht (V.O.l. ) changes. 

If yOll use the 10751 Air Sen~or , use the accuracy value given in the worksheet fOI your 
temperature range. (These accuracy Viii lues arc also given in the I. a~er Measuremenl System's 
Service Manual.) 

If you don't use the Air Sensor. you should sti ll be able to determ ine the accuracy va lu <, by 
estima tin g how accurately you can measure the ambient air 's propert ies, and then relating 
this 10 the effect on Distance measurement accuracy. (See "V.O.l. [R ROR DESCRIPTIONS" 
above. ) 

iii. Fnter the accuracy in piilrt s-per -million (ppm) in column " A". 

for our e)(illllp le, let 's assume that you arc using the HP 10751A Air Sensor . and that you 
arc opera ting in the 15-25QC (59-77QFI range. The accuracy then is 1.5 ppm. 
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b. Multiply the number you just entered (1.5 x 10 -6) by the length of travel (508 mm , or 20 
inches) ar,d er,ter the product in column " B" (0,00080 nun, or 0.00031 irK h). 

5. Identify the accuracy of your material temperature compensa tion. 

a. Ident ify the type of materia l you are measuring. 

b. Determine this material 's coe fficient of thermal eKpansion. Some typica l values are pre· 
sented below. For our example, we'll use "steel". 

steel '" 11.7 ppm per degree Celsius 
aluminum " 23.6 ppm per desree Celsius 

copper = 16.5 ppm per degree Celsius 

c. Identify the accuracy of your temperature sensor. The 10757 Material Sensor hasa sped· 
lied accuracy of ±O.10oC, as shown on The " Error Budget Worksheet" , (These values are 
also given in the lase r Measurement System's Service Manual ). Mul tiply this accuracy by 
the expansion cotd ficient and enter the produCi in column " A" 11 .2 ppm). 

NOTE 

To attain the specified aCClrracy of ±0.10oC, the output characteristi cs 
of the 10757 Material Sensor must be matched to particular 550UA 
Measurement Displa y. Please refcr to the calibration matching prace· 
dure in Section 4· 45 in the laser Measurement System's Service 
Manual. 

d. Multiply the accuracy value you Just calculated (1.2 ppm) by the length of travel (508 mm, 
or 20 inches) and enter in column " B" (0.00061 mm, or 0.000024 inch). 

6. Since you should alwa ys be starting your measurements when the Optics are close together, 
assume tha t the error due to deadpath will always be neg ligible. 

7. Multiply 0.1 ppm ~ the accuracy limita tion of the laser Measurement System itself) by the 
length of tra vel ~ S08 mm, or 20 inches) and enter the product in co lumn " 8" ~O,OOOO5 mm,or 
0.000002 inch ). 

8. Identify the magnitude of the cosine error in your setup -

a. Identify how much molion there is between the two return dots if the Optics arc moved 
over the entire measurement axis. (The laser Head's exit port should have the small 
opening for this, and the return port should have the target in place.) 

The smallest movement you are IIke(y to detect will be about 0.25 mm (0.010 inch). This 
value will be "S" in the formula below. For o ur example, we' ll let "5" = " 0.25 nun " (0.010 
inch). 

b. Enler the length of Optic tra ve l as "D" in the formula below. 

c. The cos ine error in your setup is -

E - ~ in parts-pcr· million, or E X D, in absolute terms 
60 , 

where -

"S" is the movement between return dots, 
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" 0 " is the length of travel. and 

"E" is the cosine error, in pam-per-million. 

Enter the va llie for " E" in line " 6" , column ';A". (If 5 = 0.25 mm and "0" - 506 mm (20 
inches). then "[" = O.03ppm.) 

d. Multiply the cosine error (in ppm) by the length of travel. and enter in line "8", column 
" 8 ". (0.03 ppm X 500 mm .. 0.00001 mm or 0.0000005 inch). 

9. Add line " 4" through line "8" to determine the total maximum error magnitude. (0.00147 
mm, 0.000056 inch). 

Enter this number in line "9", column " If' and co lumn "e". 

10. Subtract line " 9" from line " 3" (0.00277 mm , 0.000109 inch ). 

As long as this number is positive. your Laser Measuremen t System will provide enough 
accuracy for your application. 
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ERROR BUDGET WORKSHEET 

A B C 
Accuracy Accuracy 

Ippm) (Absolute) 
(" A n X 

lensth of 
travel) TOTAL 

REQUIRED ACCURACY 

1. Measurement Axis: X-
2. length of travel : !i08I11M 
3. Required laser System accuracy: xxxxxx )(XX)(XXXX O.~ 

MAXIMUM ERROR MACNITUDES 

•• Veloci ty of light Compensation I. !i O .. De>OIO 

Column "A" values for 
HP 10751 Air Sensor 

1.3 ppm for 19.5 to 20.5°C 
1.5 ppm for 15 to 25°C 
2.6 ppm for 0 to 40°C 

S. Material Temp Compensation 1.2 0.aJ061 

Column " A" values for 
HP 10757 Material Sensor 

± 0.10°C when ca l match adjusted 
± O.35°C when unadjusted 

Type of material : Sr_L 
K = Material 

II. 7r,Pm/OC Expansion eoeH: 

6. Deadpath (assume none) 101 101 

7. Laser System limitations (0.1 ppm) 0.1 (),OOOO5 

8. Cosine Error (52/802) ppm O.()~ 0.0000/ 

9. Total Errors ("4" through " 9" ) XX)(XXX O.O(J/47 0.00147"" 

O. Difference between Required 
accuracy and TOlal Errors 

?OOZ77",m (line 3 - line 9) XX)()(XX XXXXXXXX 

FIgure 6~ 14. Error Budget Worksheet - Example 
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A 
Accuracy 

(ppm ) 

REQUIRED ACCURACY 

1. Measuremcni Axis: 

2. length of travel: 

J . Required laser System accuracy: xxxx xx 

MAX IM UM ER ROR MAGN ITUDES 

4. Velocily of Ught Compensation 

Column "A" values for 
HP 10751 Air Sensor 

1.3 ppm for 19.5 to 20.5DC 
1.5 ppm for 15 to 25DC 
2.8 ppm for 0 10 4QDC 

5. Material Temp Compensatio n 

Column " A" values fo r 
HP 10757 M aleria l Sensor 

± O.10DC when cal match adjus1ed 
± O.35D( when unadjustt!d 

Type of material : 

K = Material 
Expansion coeft : 

6. Oeadpilth (assume none) (0) 

7. laser System limitations (0.1 ppm) 

8. Cosine Error (52/802) ppm 

9. Total Errors ("4" through "9") xxxx xx 

O. Difference bt!lween Required 
accuracy and Total Errors 
(line 3 Line 9) xxxxxx 
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B C 
Accuracy 

(Absolute) 
(" A" X 

length of 
travel) TOTAL 

XX)()(XX)(x 

10) 

XXXX);XX X 
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INTRODUCTION 

SECTION 7 
VELOCITY MEASUREMENTS 

OPERATING SPECIFICATIONS 
HARDWARE REQU IRED 
OPTIONAL HARDWARE 
REFERENCE MATERIAL 
ASSEMBLY, INSTALLATION, AND ALIGNMENT, OF OPTICS 
MEASUREMENT DISPLAY SEHINGS, SENSOR USE 
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WHAT AFFECTS ACCURACYl 

INTRODUCTION 

This User's Guide section provides instructions for measuring a velocity alonij the Laser beam. 

Keep in mind that a Velocity measurement is made by measuring the change in position of one of 
the Optics while the other Optic is held stationary. See Appendix A for <1 description of the 
principles on which this measuremen t is based. 

To make a Velocity measurement, begin as if you were making a Distance measurement. Most 
instructions for the Velocity measurement are iden ti cal to those for a Distance measurement. 
Values for set -up keys will be different. and , of course, you'll have to push the VELOCITY key 
instead of the DISTANCE key. 

OPERATING SPECIFICATIONS 

Accuracy: ±O.19{, of displayed value 

Resolulion: Metr ic units: 0.1 mm/ min 
English unit s: 0.01 inch / min 

Range (Travel of Optics): Same as for a Distance Measurement; see Section 6 

Maximum Velocity: ±18000 mm/ min 
(± 720 inches/ min. 60 feet / min) 

HARDWARE REQUIRED 

In addi ti on to the hardware required for any measurement using the Laser Measurement System 
(see FiSlire 4-1 ), an y Velocity measurement requires the same hardware as a Distance measure­
ment , as shown in Figure 6-1. 
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OPTIONAL HARDWARE 

Optional hardware, shown in Figure 6-2, can be connected to your Laser M easurement System to 
allow measurements 10 be made faster , more accurately, or with less effort on your parI. 

REFERENCE MATERIAL 

Physical Setup of the Laser Head and Tripod Section 4 

Interconnections, Turn-on ..... . . ....... .... .. .. .. .. .... .. ..... Section 5 

Distance Measurements . .......•.• ... ....... • . • . . .. . ....... .. . .. Section 6 

Alignment Techniques .... .. .. ........... .. . .. .... .... . . .. . . ... Section 15 

ASSEMBLY, INSTALLATION, AND ALIGNMENT, OF OPTICS 

For each of these procedures, use the instructions given under the same heading In Section 601 this 
User's Guide, "DISTANCE MEASUREMENTS". 

MEASUREMENT DISPLAY SETTINGS, SENSOR USE 

Selecting " Measurement Units" 

The Measurement Display can give you your measurement results in either " English" (inches, 
degrees Farenheil, etc. ) or "Metric" (mm, degrecs Celsius, et c.) units. You make the selection by 
selling the toggle switch on the Measurement Display unit's rear panel. (See Section 16, 
"Controls, Connectors, and Indicators".) 

The togglc switch is the " locking" type. To change the sening of the rear-panel " English/ Metric" 
toggle swilch -

1. Gently pull the switch handle " OUI", along its current position. 

2. Move the switch lever to the position for the units you want to use. 

3. Release the swilCh handle; this will allow it to lock at the new selling 

When you are entering data via the Measurement Display unit's keyboard, remember to enter 
values appropriate for the measurement units you have selected; also, you can 't mix "English" 
and " Metric" units (inches and degrees Celsius, for example). 

To provide your laser M easurement System with information if needs to know about the 
environmental conditions at the time of measurement, use the appropriate procedure below, 
depending on whether or not you have one or more sensors connected 10 the Measurement 
Display unit. 
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Using Sensors 

Sensor AtHachment 

The Air Sensor shou ld already be auached. See Section 5 for instructions. 

CAUTION 

To prevent possible damage to the Measurement Display unit, 
be sure you turn the line power off before conenctin8 or 
disconnecting any n ble at ih rear panel. 

NOTE 

Be sure to " lock" the connections, so they won', accidenta ll y 
come undone. 

Sensor Placement 

In order to accurately correct for the effects of environmental and machine temperature on the 
laser reading, you must locate the sensors where they can accurately monitor the conditions 
influencing the laser. The 10751 Air Sensor (which monitors the atmospheric conditions) should 
always be mounted as closely as possible to the actual MEASUREMENT PATH, 50 it can monitor 
the condi tions the laser beam is experiendr,g. 

As an eJlample for sensor placement , let's consider making a measurement on a mill, shown in 
Figure 6-11. In Ihis case, it is easy to determine where the sensor shou ld be. The 10751 Air Sensor 
should be placed nCJlt to the beam in the measurement path. 

NOTE 

The Air Sensor shou ld be mounted with its ar row pointing up , to 
maximize accuracy, as shown in Figure6-12. II shou ld shou ld also 
be loca ted in an area with good air flow. 

Adjusting For Humidify 

The 10751 Air Sensor has a " Humidity" swilch on one side (opposite its connect ing cable). You 
must sel the switch handle to the position corresponding to Ihe relative humidity in the area you 
are measuring. The choices are "25')b", "50''-:''', and "75'X/'. 
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Measurement Display Settings (with sensors) 

Measurement Mode keys 
VELOCITY 

Set-up Keys 

Push the VELOCITY key. 

NOTES 

1. To enter a value for any key -
a. Use the ENTRY keys to specify the numeric value, then -
b. Press the key to assign the value to that key. 

2. To check the current status of any of these keys, just press 
the key. Then press the key again, to relUrn to the mode you 
selected earlier. 

3. More information about each key is available in Section 16 
of this User's Guide. 

8· V.O.l. is now automatically ca lculated and updated, so you do not have to 
enter any information with this key. 

PRESET B b. Enter a preset number (constant). if you want one used. The value you en ter 
will be added to the measured results, and the total will be displayed. 1f you 
do not enter a number, " 0" is automatica lly used here. 

(S~:'EJ c. 
Determine which direction you wanllo be " positive" and use this button to 
make sure it happens. 

AESOL. B d. Determine the resolution you need from the accuracy you want. Enter the 
number of places you want, and then press the keys. Resolution extends 
to one place (0.1 ) for mi ll imeires, and to two places (0.01) for inches. 

This key also allows you to "smooth" your da ta by entering a positive 
number. A negative resolution number will remove any smoothing. Smooth· 
ing reduces the effeclS of vibration. 

Measurement Display Settings (without sensors) 

Measurement Mode Keys 
VELOCITY 

o 
Set-up Keys 

Push the VELOCITY key . 

NOTES 

1. Making a measurement without using the automatic sensors 
is practica l only when the measurement environment is not 
changing, since it is difficult to continually update your com· 
pensa lion data manually while the measurement is running. 
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NOTES (Continued) 

2. To enter a va lue for any key -

a. Use the ENTRY keys to specify the numeric va lue. then -

b. Press the key to assign the va lue to thai key. 

3. To check the curren t Slllt us of any of these keys, just press the 
key. Then press the key again. to return to the mode you se­
lected earlier. 

4. More information about each key is avai lable in Sed ion 16 of 
this User's Guide. 

0· u 
You must calculate the V.O ,l. compem.31ion number using Seclion 19 of 
this User's Gu ide. 

You will need to determine the air pressure and the air temperature to de­
termine the Compensation values shown in Section 19. 

NOTE 

The defauh value for V.O .L. is 728.8. (This corresponds to an air 
temperature of 20 C (68 F), an .lir pressure equlvalenl to 760 mm 
129.921 inches) of Mercury, and relative humidity of 50%. 

PRESET 8 b. 

(S~~~E) c. 

RESOL a d. 

En ter the ca lcu lated compensation fa ctor by pressing -

Enter a preset number (constant), if you want one used. The va lue you en ter 
will be added to the measured results, and the total will be displayed. If you 
do not enter a number, "0" is au tomat ica lly used here. 

Determine which direction you want to be "positive" and use this bulton to 
make sure it happens. 

Determine Ihe resolution you need from the accuracy you want. Enter the 
number of places you want, and then press the keys. Resolution extends to 
one place (0.1 ) for millimetres, and to two places (0.01 ) for inches. This key 
also allows you to "smooth" your data by entering a positive number. A 
negative resolution number wi ll remove any smoothing. Smoothing reduces 
the effects of vibration . 

MAKING A MEASUREMENT 

System Checks 

1. Make sure both Laser Head ports are switched 10 their large apertures. 

2. The laser Head turret must be SCI 10 "Other" . 
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3. The laser Head's " READY" indiccllor must be lighted steadily (i.e., not blinking). 

4. Make sure you arc properly interfaced with other instruments as needed to record your data. 

a. If you record your data manually, no interf"dng is necessary. 

b. If you want to record your data automatically, but you aren't using the HP Dimensional 
Metrology Analysis System or another Hp·IB controller, you must have an Hp·IB 
compatible printer conneded to Ihe Measurement Display unil , via the rear panel Hp·1B 
connector. You must also make sure the Measurement Display is set up to output to a 
printer via Hp·IB. See Section 18 and follow the instructions for "Data Transfer without an 
HP-IB Controller", 

c. For formatted automatic records, you shou ld have the HP Dimensional Metrology Analysis 
System or an Hp·HJ controller with your own programs 10 make it work with the laser 
Measurement System. The HP Analys is System comes with an HP Personal Computer and 
programs to make it work with the laser Measurement System. The operating milnual for 
the Analysis System will cICplain how 10 use it. In either case, you must first make sure the 
Measurement Display is set up 10 accept a controller via HP-IB. See Section 18 and follow 
the instructions for "Data Transfer with an I-JP· IB Contro ller". 

Procedure 

1. Press the RESET key on the Measurement Display unit, or the Remote Control unit's RESET 
key . (Remembcr to do this on ly when the Optics are as close together as possible to prevent 
" deadpalh error".) 

2. Set up the Measurement Display to make measurements at specific time intervals (I.e. , "on 
the fly"). (If you are interfacing to a controller, you should probably do this through its 
programs.) 

a. Enter the lime interval you want between measurements (0.05 to 12 seconds ). 

b. Push the AUTO RECORD key. This wi ll start the automatic taking of data. (See Section 16 
for more information about using this key.) 

3. Move one optic along the full measurcment path. A measurement is made automatically 
every so many seconds until you press the AUTORECORD key again , 

4. Press the AUTORECORD key when thc end of travel is reached. This will turn off the AUTO 
RECORD, and stop the recording of measurements. 

I f an HP Personal Computer or an HP·IB Printer is not connected to the Measurement Display 
unit, pressing RECORD or AUTORECORD wil l cause the message " lr Error" to be displayed. 

WHAT AFFECTS ACCURACYl 

The laser Measurement System's Velocity measuring accuracy depends on the System's ability 10 
adjust for environmental changes and on your ability 10 set up and operate the system properly. In 
the neICI few pages we will describe some potential measurement errors, examine how they affect 
Velocity measurements, and what can be done about thcm to maximize measurement accuracy. 
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Velocity Measurement Error Sources 

Sources of error in a Velocity measurement are -

1. M easurement of air temperature, pressure, and humidity to determine the velocit y of li ght 
(V.O.L. Compensation) 

2. Mis-alignment between machine !ravel and laser Measurement axis 

3. Uncompensated measurement path lengths (Deadpath Error) 

The accumulation of all the errors listed above determines the overa ll accuracy of the Laser 
Measurement System in your application . 

Velocity-Ol-Light Compensation 

Description 

The wavelength of the light produced by the laser is used as the reference for a Velocity 
measurement. The wavelength of any light, however, depends on the veloci ty of light through air. 
This, in turn, depends on the temperature, pressure, and (to a lesser extent ) humid ity. 

Thus the absolute accuracy of the Laser Measurement System is direct ly determined by how 
accurately the ambient conditions are known. Speci fi ca lly, a Veloci ty measurement can vary one 
part per million for anyone of the following -

• An air temperature change of 1 degree Celsius (2 degrees Farenheit ), or -

• An air pressure change of 2.5 mrn (0.1 inch) of mercury, or -

• A change In humidity of BO percent. 

Minimizing Effects 

The Measurement Display unit multiplies the number of wavelengths it counts (from the laser 
Head) by a compensation factor (or the velocity-of- li ght , thereby co rrecting for any difference 
between the "current" veloci ty of light (in air) and the ve lOCity of light in a vacuum. 

This ca libration factor can be determined and entered ei ther manually or automaticall y. 
Attaching the 10751 Air Sensor will automatically provide the ca libra ti on dataj o therwise, you 
must ca lculate the co rrect calibration numbers and enter them manually. (Remember that 
manual entry wo n't provide au tomatic co rrectio n for changing condit ions.) 

For manual ent ry of the compensation factor -

• Determine the co rrect compensat ion factor from Section 19, " V.O.L Compen­
sation Fa ctor". 

• Enter the number into the Display, using the ENTRY keys. 

• Press the V.O.l. key. 

Both automatic and manual compensation for V.O.L have been previously described in thi s 
section, under (he heading " MEASU REMENT D ISPLAY SETIINGS. SENSOR USE". 
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Misalignment Between Machine Travel Axis and 
Laser Measurement Axis 

Description 

If the laser beam's path doesn 't duplicate the machine's travel pilth, you won't be measuring the 
aQual Velocity, but a Velocity that is slightly les~ . (See "COSINE ERROR" materia l in Section 6, and 
Figure 6-13.) 

Minimizing Effects 

The error is reduced by making the l aser beam parallel to the Optics' travel path. Parallelism is 
indicated by the absence of motion between the return dots from the Interferometer Assembly and 
the Retroreflector at the Laser Head's bottom port, as the Optics are moved along the measurement 
axis. 

The "OVERLAPPING DOTS" alignment method, described in Seaion 15 of this User's Guide, 
describes how 10 minimize the motion between the return dots and, therefore, minimize Ihe cosine 
error. 

Uncompensated Measurement Path Length (Dead path Error) 

Descriptio n 

This is a complication of the " Velocity-at-light" error. 

Compensation for velocity-of-light error is applied only in proportion to the distance measured. 
The error, however. exists over the who le path between the Optics, including those parts not 
measured. Any lime the laser Measurement System is reset with some distance existing between 
the optics, the length of the " open" distance will be uncompensated, and will result in an error. The 
name for th is kind of error is "Oeadpath Error". 

Minimizing Effects 

To minimize the amount of Ihis error, Ihe on ly time you should reset the Laser Measurement System 
is when the Opti cs are as dose together ilS possible. 

The only way this error can be eliminated is to reset the Laser Measurement System when theoptics 
(not their bases) ilre aaually touchins. For most applications, reselling when the optics are within 
five centimetres (2 Inches) will be enough to nullify the error. 
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INTRODUCTION 

An ,. An~lIIM" measurement is the mC;lsurement of the relative angu lar movement bctween the Re­
flector .tnd the Interferometer as one of them is moved . See Appendix A for a desc ription of the 
principles on which this measuremcnt is based. 

OPERATING SPECIFICATIONS 

ACCURACY: Angle measurements arc accurate within ±0. :n6 of displayed va lue 
±0.05 arc-sec per metre of traveled distance of the moving optic. 
This assumes that all angles greater than ±3600 arc--sec have been 
corrected, the Reflector is aligned within 10 arc-min using autorcflec­
lion techniques, roll alignment by the operator is within 1 degree rela­
tive to the measurement plane, and the temperature of all opt ical 
components is stabi lized in the range 15-2S°C. 

RESOLUTION: 0.1 arc-sec 

RANGE: ±36000 arc-sec 

AXIAL 
SEPARATION: 

(Typica l, with proper alignment, 15- 25"C, distan ce between the 
laser Head and the Reflector. ) 15 metres (SO feel) 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using the Laser Measurement System 
(see Fjgure 4-1 ). any Angulal measurement requires the hardware shown in Figure 8-1 . 

"-1 
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"'- 2 EA. 10785A POST 
AND HEIGHT ADJUSTER 

1 EA. 10784A BASE 

1 EA. 10770A 
ANGULAR 
INTERFEROMETER 

...-- 1 EA. 10771 A 
I ANGULAR REFLECTOR 

Figure 8-1. Hardware Required for any Distance Measurement 
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RELATED MEASUREMENTS 

Flatness .. . .. .... .. ... . .. . ..••. . . ... • . ... • .. .. ..• .. .... • . . .. . . .. Section 9 

REFERENCE MATERIAL 

Physical Setup of Ihe laser Head and Tripod .... . ......• ........ . . . Section 4 

Interconnections, Turn·on .... ................ .. ..... •. • .. ..... .. Section 5 

Alignment Techniques .. . ......... ............... . .. ...•.. .. .. . Section 15 

INSTALLATION AND ALIGNMENT OF OPTICS 

Important Considerations 

1. The Angular Interferometer must be locatcd between the laser Head and the Angular 
Reflector Ir, the laser beam. 

2. The beam from the laser Head must enter the Angular Interferometer -

• through the single opening on one side. for an In· line measuremelll. or -

• through the opening in the bOil om, for a measurement along an axis perpendicular to 
the laser bcam. 

The side of Ihe Angular IllIerlerometer with two openings should always be facing the Angu lar 
Reflector. (See Figure 8·8 and Figure 8-9.) 

3. Vibrations and loose connections must be minimized by proper mounting. Avoid long 
extensions. Make sure that all supports are completely statior,ary. A spindle, for example. must 
be secured by a brake so it won't rotate. (If a brake isn't available try using a hose damp or a 
wedge.) 

4. The laser beam must be returned to the bottom port on the laser Head's turret. 

5. The Optics must be aligned 10 the Laser beam well enough to keep the Beam Strength indicator 
in the green region along the entire optics' path. 

6. If the Distance Optics have previously been installed. you can install the Angular Optics by 
simply changing the OptiCS. without eh.m!:!!in!:!! the mounting hardware. 

7. The laser Head's turret ring should be set to "OTHER". 

Description 

1. You will initially position the Opti cs around the Laser beam while they are at the near end of 
travel using the procedures that follow. 

2. Next, you will adjust the Laser Head to track the Optic's progression "Iollg the travel path, while 
maintaining Ihe beam's near-end·of-travel poSition. (See " GUNSIGHT" alignment method In 
Section 15 of this User's Guide.) 
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3. Finally, you will check your alignment to insure the ';Important Considerations" number "5" 
has been fulfilled . 

Procedure 

NOTE 

Use of the Gunsight Alignment method is described in the 
following procedure. Once you become familiar enough with 
alignment principles, you may want to start with "Autore­
flection" (described in Section 15) or to align by the same 
philosophy as the " Gunsight" method, but without targets. 
(Your entire interferometer opening would be the inlcrfero­
meter target and the laser Head's return port target would 
become the Reflector's targeL ) 

1. Move the moveable part of your machine as dose to the l aser Head as possible. 

Note that the "moveable" part of the machine may depend on the axis you are measuring. That 
Is, the " X" -axis moveable part may not necessarily also be the "Y"-aKis or "Z"-aKis moveable 
part. 

This wi ll keep the machine from hilling the laser Head during a measurement and will help 
establish the "near-end-of-travel " . 

2. Visually align the laser Head as well as you can parallel to the direction of travel and position it at 
an appropriate height. Some things to consider are -

• Position for an aKis appropriate for what you wanltodo (review Section 4'5 ma terial on 
this). 

• If you think you will be making II Straightness or Squareness measurement late r, 
establish a measurement axis al a height above the table that will allow easy 
inlerchangeabilily of the Optics . To do this, mount a RelrorefieClor on a Height 
Adjuster that is flush with Ihe top of th e post supported by the base; then position the 
laser Head so the return beam from the Retroreflector enlers the laser Head's lower 
port. 

• Use " Autoreflcction" to help you do this once you become proficient at laser System 
measurements. If you use II AutorcflCClion" you won't have to do any further 
alignmen t, you 'll on ly need to check for beam strength. 

3. Decide where you will position the Opti cs so ,hal : 

• The Interferometer is between the Reflector and the laser Head . 

• One Optic is where the tool mounts and the other is where the workpiece moun ts. 

• The Optics are at the "ncar end of tra vel". (This means Ihal any subsequent motion of 
Ihe machine will separate the optics furthe r rather than bring them doser together.) 
(See Figure 8-2.) 

• If you want to measure perpendicular axes from the same laser Head position , 
position the Interferometer on a part of the machine that remains stationary and can 
serve as a beginning poinllo measure these axes. (See Figure 8-9 and Fisure 8-10.) 
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4. Atlach the Angular Interferometer and the Angular Refledor to a Height Adjuster and Post to 
accomodate the positions you chose in step "3". (See Figure 8-3, figure 8-4, Figure 8-5, and 
Figure 8-6.) 

a. For the Optic you mount on the table, support the post with a base. If you think you will be 
making a Straightness or Squarcnc5s measurement later, posilion the Height AdJusterflush 
with the top of the Post, to allow easy interchanging of the Optics. 

b. For the Optic you mount in a spindle, either attach Ihe Height Adjuster to a Post as you 
would for table mounting, or screw the Post in to Ihe Height Adjuster after removing the 
large knurled knob. Th is latter arrangement may make it easier to change to Straightness 
Optics. 

c. Orient the Optics horizontally or vertically to match the type of measurement you would 
like to make (pitch or yaw). 

PITCH MEASUREMENTS 

• • 

• • 
• • 

SIDE VI EW 

YAW MEASUREMENTS 

• • • • 

SIDE VIEW 

10770A ANGULAR 
INTERFEROMETER HEIGHT ADJUSTER 

& POST 

\ ~L........., ____ _ ,-ll-.....L...t-

o o 
- -- - - ~---,-t-

/ 

FRONT VIEW 

,-----, _____ ,.....-l---'-"""\-

o o 
'------' - ---- L.....,.---,-...r-

/ / 

FRONT VIEW 

Figure 8-3. Angular Inlerferomeler Moufltin8 
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5. Select the sma ll opening for the laser Head's exit pori, and rolate the target into place over the 
laser Head's bottom (return) porI. 

6. Attach the target to the Angular Interferometcr (see figure 8-7). This target is included with the 
Optics. 

The target should be attached to the Angular Interferometer opening that is directed toward 
the laser Head, and in such a way that the small (3 mm) hole is above the crosshair. 

Make sure the target is positioned as squarely as possible relative to the edges of the Optic. Use 
your fingers to match edges. 

7. Move the Angular Interferometer (or translate the laser Head) so Ihe laser Beam goes through 
the target 's hole. 

8. Secure the entire assembly to the machine in such a way that the Interferometer is as square as 
possible relative to the incoming beam. (The Interferometer housing's pitch, yaw, and roll 
limitations are ±2 degrees relative to the incoming beam. The HP 10785A Post and Height 
Adjuster will take ca re of two of the three requirements. depending on your measurement set­
up.) 

9. Remove the target from the Interferometer. 

10. Position the Reflector as dosely as possible to the Interferometer. look at the front of the laser 
Head and adjust the Reflector until the return beams hit the laser loiead bottom port's target. 
This establishes the "near end of travel". It may help to start by visually lining up the Reflector's 
edges with the edges of the Interferometer. 

11 . Secure the Reflector assembly to Ihe machine so it is square relative to the incoming beam and 
so that il is nol out-of-square in the " roll " direction by more than ±1 degree. The HP 10785A 
Post and Height Adjuster should automatically take care of this. 

12. Reattach the targets to the Interferometer and Reflector, except now attach them 50 -

• the hole in the Interferometer's target is centered around the beam, and -

• the crosshairs on the Reflector's target are also centered on the beam. (You can 
position the target over either Retroreflector. See Figure 8-8.) 

This time you don't have to line up the edges of the largets with the edges of Ihe Oplics (in fad , 
you may not be able to do so and still meet the conditions above). 

13. You are now rcady to align the laser 10 the machine's travel. 

Turn to Section 15 of this User's Guide and follow the instrUdions there for "GUNSIGHT" 
alignment. 
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Figure 8w 8. AttaclJing Alignment Targct 10 Angular Rcf/ector 



Checking Alignment for Beam Strength 

1. Select the large opening for the laser Head's exit and return ports. 

Remove the targets from the Optics. 

Model 5528A 
Angular Measurements 

2. Move the Optics over their full travel length while watching the BEAM STRENGTH meter. 

The laser beam is strong enough for making a measurement as long as the BEAM STRENGTH 
needle stays in the green area of the meter. 

If the BEAM STRENGTH meter's needle moves into the ted area -

il . Move the Optics to the near end of trilvel. 

b. Se lect the sma ll aperture for the laser Head's exil port, and the taqset for the return port. 

c. Adjust the Optics 10 overlap their return dots on the laser Head's return port target. 

d. Swi tch back to the large exit port aperture and the fully open return port. 

c. Check again for BEAM STRENGTH. 

If alignment is stilt not good enough to make BEAM STRENGTH read in its green area, 
repeat the entire Alignment procedure. 

Measurements Along A Perpendicular Axis 

When a measurement axis is perpendicular to the laser beam, mount the Angular Interferometer in 
line with the l aser, and at the end of the axis you will be measuring (see Figure 8-9 ar,d Figure 8-10 
for illustrations of set-ups for measurements perpendicular to the laser beam). Be sure to rotate the 
Angular Interferometer so the bottom opening lines up with the laser beam and the side with two 
openings faces the moving Retroreflector. 

To align the laser Measurement System along an axis perpendicular to the laser beam, attach the 
Interferometer target to the bottom opening on the Interferometer (see Figure 8-7) , and follow all 
the instructions presented in the last few pages. 

Other Mounting Requirements 

Although we have tried to provide you with a maximum of mounting flexibility. the re may be 
situations when you need more capability. For more information, you should turn to Appendix C 
for dimensions of the Optics, and the mounting hardware. 
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Figure 8-10. Three Axes Positioning of Optics - for Yaw Measurements 
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MEASUREMENT DISPLAY SETTINGS 

Measurement Units 

Your Angular measurements are displayed in units of "arc·seconds" (" ARC·SEC"), regardless of the 
selling of the Measurement Display's rear·panel "English/Metric" swilch. 

"Arcseconds" is a short way of saying "seconds of arc". One arcsecond equals 113600 of one degree. 

Another way to visualize an arcsecond is that it is equivalent to 0.000005 mm (or inches) for every 
mm (or inch) from your measurement axis. (This is Ihe same as 0.5 mm in 100 metres, or about 114-
inch in abom 4000 feet.) 

NOTE 

Measurement Display se llings are the same with or without 
sensors. 

Measurement Mode Keys 
ANGLE o Push the ANGLE key. 

Set-up Keys 

t RESEj 

Io;;;j 
~ 

NOTE 

1. To enler a number for any key -

a. Use Ihe ENTRY keys 10 speci fy the numeric value then-
b. Press the selected SET UP to assign the value to Ihal key . 

2. To check the current statu s of any of these keys, just press the 
key. Then press Ihe key again to return to you r previous 
mode. 

3. More information about each key is available in Section 16 of 
this User's Guide. 

Your measurement dala can be multiplied by a va lue from "0"10 "2" before it is 
displayed. This key allows you to specify what the multiplier value will be. One 
use of this capabil ity is 10 allow you to extend Angular measurement accuracy, 
described in the "WHAT AFFECTS ACCURACn" section, below. If you do not 
specify some olher value, "1.0" will automalically be used as the multiplier here. 

Determine which tilt direction you want to be " positive" and use this bulton to 
make sure it happens. 
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(AESOL] 
There are only two choices for this key in this measurement mode. Resolution 
can be ex tended only to 0.1 arcsecond. Therefore, push -

0 8 for " tenths" reso lution, or -

push -

8 ( RESOj fo' "un ilS" ""olulion. 

This key also allows you to "smooth" your data by entering a positive number. A 
negative resolution number wll remove any smoothing. Smoothing redu ces the 
effects of vibratio n. 

MAKING A MEASUREMENT 

System Checks 

1. Make sure both laser Head ports are switched to their large apertures. 

2. The laser Head turret must be set to "OTHER". 

3. The laser Head's READY indicator must be lighted steadily (I.e. , not blinking). 

4. Make sure you are properly interfaced with other instruments as needed to record your data. 

a. If you record your data manually, no interfacing is necessary. 

b. If you want to record your data automatically, but you aren't using the HP Dimensional 
Metrology Analysis System or another HP-IIJ controller, you must have an HP-IB 
compatible printer conneded to the Measurement Display unit , via the rear panel HP-IB 
connector. You must also make sure the Measurement Display i5 set-up to output to a 
printer via '·W-IB. See Sed ion 18 and follow the instructions for " Data Transfer without an 
HP-IB Controller". 

c. For formallcd automatic records, you should have the HP Dimensional Metrology Analysis 
System or all HP-1I3 cont roller with you r own programs to make it work with the laser 
Measurement System. The HP Analysis System comes with an HP Personal Computer and 
programs to make it work with the l aser Measurement System. The operating manual for 
the Analysis System will explain how to use it. In either case, you must first make sure the 
Measurement Display is set-up to accept a controller via HP-IB. See Sedion 18 and follow 
the instructions for " Data Transfer with an HP-IB Cont roller" . 

Procedures 

Two different measurement methods are available. You can have your system make measurements -

• only at points you specify, or -

• automatically. at the time interval you specify, without regard to the location of the 
Optics. 
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M easurements At Specific Physical Locations 

To have your laser Measurement System make measurements only at specific physical locations-

1. Push the RESET key. {You can also RESET from the Remote Control Unit. ) 

2. Move one of the optics a predetermined distance. 

3. Press the RECORD button on the RemOle Conlrol Unit connected to Ihe Measurement 
Display. One measurement is made each lime you press this bulton. 

M easurements At Specified Time Intervals 

To have your laser Measurement System make measurements at specific time intervals (i.e., "on­
the-fly") -

1. Push the RESET key . (You can also RESET from Ihe Remote Conlrol Unit) 

2. Enter the time interval you want between measurements (0.05 to 12 secondsl. 

3. Press the AUTO RECORD key. This will start the automatic taking of dala. (See Section 16 for 
marc information about using Ihis key.) 

4. Move one optic along the full measurement palh. A measurement is made automatically every 
so many seconds until you press the AUTO RECORD key again. 

5. Press the AUTO RECORD key when the end of travel is reached. This will turn off the AUTO 
RECORD mode, and end the recording of measurements. 

If an HP Personal Computer or an HP-IB Printer is not connected to the Measurement Display 
unit, pressing RECORD or AUTO RECORD will cause the message "lr Error" 10 be displayed. 

WHAT AFFECTS ACCURACn 

Angu lar accuracy is dependent upon the accuracy of the initial alignment between the angulilr 
relleCiar and interferometer in pitch and roll. 

Laser System Error Sources 

The one potential laser System error source for Angular measurements is the distance between 
the RetrorefieClors. If this distance changes during a measurement, the measurement results wi l l 
be incorrect. The only time the distance between the Retroreflectors will change is if the 
temperature of the Angular Reflector's housing changes during a measurement; thus you should 
keep this temperature as constant as you can. 

Series 2648A 
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Minimizing Errors, and Required Laser System Accuracy 

As was described above, your Angular measurement's reliabilit y depends on the stabi l ity of the 
temperature of the Angular Reflector 's housing. To min imize these changes, you shou ld -

• Avoid excessive handling of the Angu lar Reflcdor, -

• Avoid moving the Angu lar Reflector over heated (or cooled ) surfaces -

• Avoid having heated (or coo led) air movin~ past 1he Angular Reflector. 

The l aser Measurement System's accuracy speci fication for Angular measurements is given at the 
beginning of this sed ion. 

Series 2648A 
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FLATNESS MEASUREMENTS 

CONTENTS 

INTRODUCTION 
OPERATING SPECIFICATIONS 
HARDWARE REQU IRED 
RELATED MEASUREMENTS 
REFERENCE MATER IAL 
INSTAllATION AND AUGNMENT OF OPTICS 
MEASUREMENT DISPLAY SETTINGS 
MAKING A MEASUREMENT 
WHAT AFFECTS ACCURACY? 

INTRODUCTION 

Flatness deviation can be calcu lated from angle information from the Angular Optics and from 
the length dimensions of the Footspaclng Pads used. The HI) Dimensional Metrology Analysis 
System programs cil lculate and plol flatness data for this application. 

These measurements are best suited for surface plates. since we use the same method used with 
autocollimators (sometimes referred to 3S the "Moody" method). 

In thi s User's Guide section (Section 9). we describe how to set up for and make a Flal rH!SS 
measurement using the Angu lar Optics. See Appendix A for a description of the principles on 
which this measurement is based. 

OPERATING SPECIFICATIONS 

The following speci fi ca tions assume that the optional Dimensional Metrology Analysis System is 
used in conjunction with the HP 5528A to ga Ther, analyze and plot flatness ca libration results and 
that the temperature of all optical components is stabi lized in the range 15-25°C. Values do not 
include effects of surface cleanliness or operator positioning repeatability. 

Accuracy : ±O.2'.\) of displayed va lue. 

Resolution (per step): 

Table 9-1 Accuracy Term 

FOOTSPACING ACCU RACY 
DIMENSION TERM 

0.03 micron 
2 inches p.O mlcroinch ) 

0.05 micron 
<I inches (2.0 mlcroinch ) 

0.08 micron 
6 inches (3.0 microinch) 
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Reference Plane Accuracy: The uncenainty of a surface plate flatness measurement is 
bounded by two paraliel planes spearated by the va lue below. 

Melric Unils Mode : 0.03 M2 microns 
English Units Mode : 0.12 F2 microinches 
where : 
M = length of the surface diagonal in metres 
F - length of Ihe surface diagonal in feet 

h.teril OUset and Flatness Ri nge: The combination of lateral offset and maKimum 
flatness deviation must not displace the Reflector more than ±1.0 mm (0.04 inch ) from the 
beam path in any direction . 

Adal Separation : Same as for an Angular measurement ; see Section 8. 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using the laser Measurement System 
(see Figure 4-1), any Flatness measurement requires the hardware shown in Figure 9-1, plus -

• an HP Dimensional Metrology Analysis System (which includes an HP Personal 
Computer and programs), and -

• a Straigh tedge that is at least as long as the diagonal of the surface plate you're 
measuring. and thick enough to contact the sides of the Footspacers (and not their 
small ground pods). 

REFERENCE MATERIAL 

Physical Setup of the laser Head and Tripod ................. .... ...... Section 4 

Interconnections. Turn-on .......................... ,.. .. . . ........... Section 5 

Angular Measurements Section 6 

Alignment Techniques Section 15 

INSTALLATION AND ALIGNMENT OF OPTICS 

Important Considerations 

1. The Angular Interferometer must be located between the laser Head and the Angu lar 
Reflector in the laser beam. 

2. The beam 'rom the laser Head must enter the Angular Interferometer through the single 
opening on o ne side. 

The side of the Angu lar Int erferometer with two openings should always be facing the 
Angular Reflector. 

3. The laser beam must be returned to the bottom port on the laser Head's turret. 
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Figure 9-1 . Har ware Required or any F atneH Measurement 

9·3 



Model 5528A 
Flatness Measurements 

9-4 

4. The Optics must be aligned to the laser beam well enough to keep the Beam Strength 
Indicator in the green region along each measurement path. 

5. The laser Head's turret ring should be set to "OTHER". 

Description 

1. To measure " flatness" of a surface you will have to draw a " grid" on it and make 
measurements along each edge and diagonal of thiS grid. 

2. For each line you measure -

a. You will initially position the Optics around the laser beam while they are at the near end 
of travel using the procedures that follow. 

b. Next, you will adjust the laser Head to track the Optic's progression along the travel 
pillh, while maintaining the beam's near-cnd-o f-travel position. (See "GUNSIGHT" 
alignment method in Section 15 of this User's Guide. ) 

c. Finally , you will check your alignment to insure that " Imponant Considerations" 
number " 4" has been met. 

NOTE 

Use of the Gunsight Alignment method is described in the 
following procedure. Once you become familiar enough with 
alignment principles, you may want 10 use the following 
procedures, but without targets. (Your entire interferometer 
opening would be the Interferometer target and Ihe laser. 
Head's return pan target would become the Reflector's targel. ) 

3. The following procedures will only instruct you to set-up and align along one specific 
measurement "line" on the surface plate. You must adapt these instructions to other 
measurement paths to finish measuring the entire grid. 

Procedure 

1. Mount the Angular Interferometer on the Flatness Mirror, using the four Cap-Head M3 X.5 
screws included. 

Make sure the single opening is facing toward the mirror. and the side with two openings is 
facing away from the mirror. (See Figure 9-2.) 

2. Mount the Angular Reflector on a Footspacer, using the three Cap-Head M3 X .5 screws in­
cluded. as shown in Figure 9-3. (Refer to stcp " 3" below 10 help you decide which Fool­
spacer to use.) 

NOTE 

These Optics are always oriented vcrtically, relative 10 their 
Footspacers and the Flatness Mirrors. 
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ANGULAR INTERFEROMETER 

10773A 
FLATNESS MIRROR 

MJ.O x 8L CAP SCREWS 

Figu re 9-2. Installing the Angular Iflterferome/er 

, 
o 

, , , 

10771A 
/ ANGULAR REFLECTOR 

10759A 
FOOTS PACING KIT 

~------ MJ.O x 8L CAP SCREWS 

Figure 9-3. Ins/ailing Ihe Angular Refleeror 
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3. Draw a " map" of the Surface Plate . 

The map shou ld be drawn on a sheet of paper with highlights loca ted on th e surfa ce plate 
itself with Icad pencil . Ta ke care not to put markings directly on the grid lines, since the 
equipment must be free to slide o n th e granite surface along these lines . The grid system must 
contain the eig ht basic lines, as show n in Figure 9-4. 

The length of each line in this grid should be an cven-i nteger ("2", "4", elc. ) mul tiple of th e 
lengt h of the Footspacer to which the Angu lar Rellector is attached. For a very large Surface 
Pl ate, you will probably want to use a larger Foolspacer, since measurements points will be 
determined by end -Io-end positioning of the Footspacers. There shou ld also be a 7.S an (3-
inch) margin between the outside of the grid and the edge of the Surface Plale on three of the 
sides, and a 10 cm (4-inch) margin on the side thai will be in line with the laser Head. 

Figure 9-4. Grid Map of Surface Plat e 

4. Align the laser Head. usi ng the" Aut oreflection" method . parallel to the surface plate and to 
perimeter line loGE", 7.5 em (3 inches ) oUlside the grid. (This is 2.S em (1 inch ) in from the edge 
of the Surface Pl ate, as shown in Figure 9-5.) 

3. Place o ne of the Flatness Mirrors so the long edge of it s base is flush with th e edgeofthe 
Surface Plate and parallel to line "GE". 

b. Turn th e Flat ness Mi rror until the mirror is perpendicular to the edge of the surface plate, 
and faces the l aser Head. 

c. Visua lly align the laser Head so its beam hils the mirror. 

d. Turn to Section 1S in this User's Guide. and follow the instru ctions for "AUloreflection", 
sta rtin g al step "4", 
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'~-------------T.------------~ C 

H~------------~~------------1 0 

~II 

Fi8urc 9-5. Location of Laser I-l ead 

2.5 em 
(1 .0 In.) 

5. Place the Flatness Mirror wilhout the Angular Interferometer in corner "C" in the laser 
beam's path, so its base is parallel to edge "GE" and flush with the corner of the Surface Plate. 
(See Figure 9-6.) 

SECOND FLATNESS 
MIRROR 

ANGULAR 
INTERFEROMETER 

~a=-=II =) 

FOOTSPACER + 
ANGULAR REFLECTOR 

~'RST FLATNESS MIRROR 

STRAIGHTEDGE 

Figure 9-6. Positioning of Optics for First Mc.lsurcmcnt Line 
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6. At corner" A", position the Flatness Mirror wllh the Angular Interferometer so thai the Angu­
lar Interferometer's two openings are pointed along the diagonal "AE". (See Figure 9-6. ) 

Make sure the edge of the Flatness Mirror's base is at the edge of the grid, and does not 
protrude into it. 

Turn the Flatness Mirror 50 its " HP"label is facing the Flatness Mirror in corner "G". This will 
help you align the Opti cs later . 

7. Secure a Straightedge along the diagonal , 50 that -

• it is flush with the long side of the Flatness Mirror in corner "A", and-

• it is directed along the path you want to measure. 

Mark increments o n the Straightedge corresponding to the length of the Footspacer you 
have chosen to use. 

8. Position the Angular Reflector with its Footspacer along the Straightedge in such a way that 
the two Retroflectors face toward the Angular Interferometer. locate th e Angular Reflector 
50 it is tou ching the base of corner "A"s Flatness Mirror and is flu sh with th e Straightedge. 

9. Move the small aperture into place on the laser Head's eICit port. Move the target into place 
over the laser Head's return port. 

10. Adjust the l ase r Head so ilS beam hits the Flatness Mirror In corner "G". (See Figure 9-6. ) It 
may be helpful to turn the mirror 180 degrees, and aim for a spot Just above the " HP" logo. 

11 . Turn th e Flatness Mirror In corner "c" untillhe laser beam is in the vertical plane passing 
through corner " Ails Flatness Mirror. (The beam itself doesn't have 10 hit the corner "A" 
Flatness Mirror, it jusl has to be vertically in line with It.) Again , turn corne r "Ails mirror 180 
degrees, and aim fo r aspol jusl above the "HP" logo. 

You may need to hold a piece of paper In the beam's path 10 see where the beam is. 

12. Tilt the laser Head vertically up or down until the laser beam is centered just above the "HP" 
logo of corner "Ails Flatness Mirror. Do This by adjusting the knob at the rear of the laser 
Head (see Figure 4-4 for laser HeadlTripod adjustments). 

If this tilting ca uses the laser beam 10 move off of corn er "G"s Flatness Mirror, translate Ihe 
lase r Head vertically until the beam is again centered on the mirror, (See Figure 4-4 for an 
illustration of translation .) 

13. If, after step "12". the laser beam in corner " A" is at the corred height. but not centered above 
the Flatness Mirror's "HP" label , turn corne r "G"sFlatness Mirror slightly. You should now have 
alignment between the mirrors. 

14. Attach the alignment target to the An~ula r Interferometer. (See Figure 8-7.) 

The targel should be allached to the Interferometer open ing Ihat is direded toward the 
Flatness Mirror. and in such a way Ihal The small (3 mm ) hole is above the crosshair. 

Make sure the larget is positioned as square ly as possible rela tive to the edges of the Optic. Use 
your fingers 10 match edges. 
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1S. Turn corner" Ails Flatness Mirror around, so the laser beam is in line vertically with the small 
hole In the Angular Interferometer's targe!. 

16. If the laser beam is too high or too low to go through the target hole, translate the laser Head 
vertically. The beam should now pass through the hole. 

17. Remove the target from the Interferometer. 

16. Make sure the Angular Reflector's Footspacer is square relative to the Straightedge and to the 
Interferometer's Fla tness Mirror. look at the laser Head and turn corner "A"s Flatness 
Mirror until the return beams are in line with the target at the laser Head 's bottom port. Then 
turn the laser Head up or down to get the beams to overlap on the target. This es tablishes the 
"near end of trave l". 

19. Attach the targets to the Interferometer and the Reflector, so that -

• the hole in the Interferometer's target is centered on the beam, and -

• the crosshairs on the Reflector's target are centered on the beam. (See Figure 8-8.) 

This lime you don't have to line up the edges of the targets with the edges of the Optics, (I n 
fact , you may not be ab le to do so and slill meet the conditions above,) 

20. You are now ready to align the laser to the Optic's travel path . 

Turn to Section 1S of Ihis User's Guide and follow the instructions there for "Gunslght" 
alignment, keeping in mind the fo llowing -

Too much turning of the laser Head may cause the laser beam to move off either of the 
Flatness Mirrors. If this happens, start over at step "10" from your new Laser Head 
position. 

21. You have now aligned your laser Measurement System along one pathway of your grid, 
Repeat this process along each leg or diagonal of your measurement grid, when it is time to 
measure it. 

Checking Alignment for Beam Strength 

1. Select the largest opening for the laser Head's exit and return port s. 

Remove the targets from the Optics. 

2. Move the Opti cs over their fuillravel length while watching the BEAM STRENGTH meier. 

The laser beam is strong enough for making a measurement as long as the BEAM STRENGTH 
needle stays in the green area of the meter. 

If the BEAM STRENGTH meter's needle moves into the red area -

a. Move the Optics to the near end of travel. 

b. Select the small aperture for the Laser Head's exit port, and the target forthe return port. 

c. Translate the laser Head vertically or turn corner " A"s Flatness Mirror to cause the return 
beams to overlap on the Lase r Head's return port target. 
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d. Switch back 10 the Iilrge exil pori aperlure and the full y open relurn POri . 

e. Check again for BEAM STRENGTH. 

If alignmen t is still nol good enough to make BEAM STRENGTH read in ils green area, 
repeat the entire Alignment procedure. 

MEASUREMENT DISPLAY SETTINGS 

Measurement Units 

The displayed units for your Flatness measurement (s) will be identica l to those for an Angular 
measuremer,1. Review "MEASU REMENT UN ITS" information In Section a of this User's Guide. 

Measurement Mode Keys 
ANGLE 

[] Push 'he ANGLE key. 

Set-Up Keys 

t AESEJ 

[AESOj 

Io;;;J 
~ 

NOTES 

1. To enter a va lue for any key -

a. Use the ENTRY keys to specify the numeric value, then-
b. Press the key to assign the value to that key. 

2. To check the current status of any of these keys, jusl press 
the key. Then press the key again, to return to the mode you 
selected earlier. 

3. More Information about each key is available in Section 16 
of this User's Guide. 

Set thi s key to be "1.0" by pressing-

08 
Resolution should be ex tended to 0.1 arcsecond for this 
measurement. To do this, press-

08 
This is an important set-up key because the Calcu lator program muSI know 
which tilt is " positive" and which is " nesative". 

Once the Optics are aligned, lill the Reflector and ils Footspacer so Its back 
foot is higher than its front foot. The Measurement Display unit's reading 
should be positive; if it isn 't, press the DrR SENSE key. 



MAKING A MEASUREMENT 

System Checks 

1. Milke sure both laser Head porls <lfe switched 10 their large apertu re$. 

2. The laser Head turret must be set 10 "Olher", 

3. The laser Head's READY indicator must be lishled steadily (i.e., not blinking ). 

4. Make sure your Laser Measurement System is properly connected to the HP Dimensional 
Metrology Analysis System. 

Make sure the Measurement Display 15 set-up to accept a controller via HP-18. Follow the 
Instructions for "Data Transfer with an HP-IB Controller", in Section 18 of this User's Guide. 

Procedure 
Non 

The HP Dimensional Melrology Analysis System expects the 
inspection lines 10 be patterned exact ly like Ihose in Figure 9-4, 
However, you can insped Ihe lines in either direction, and in any 
order, See Figure 9-7 for a SutUj:cs led rouline of line directions 
and numbers, 

1. For cach linc -

a, Tell the Melrology program Ihe direction you arc traveling , relative to the direction 
arrows in figure 9-4, and whether you are moving toward or away from Ihe 
Inlerleromeler, 

b. PasHion Ihe Footspacer fl ush wilh Ihe Inlerferomeler's Flalness Mirror, 

c, Press RESET on the Measurement Display unit or on Ihe Remote Control unit. 

d, Move the Footspacer a distance equa l to its footspacing./These increments should be 
marked on the St rai ghtedge.) 

e, Press the Remote Conlrol Unit's RECORD bUll on, One measurement is made each time 
you press this bullon. 

f, Continue moving Ihe Foolspacer in increments equa l to its footspacing . pressing Ihe 
RECORD bUllon afler each move, 

2. Reposition the Optics for the nexi line to be measured. Realign the laser beam to Ihe new 
palh , Repeat Ihe measuremenl process, 

Refer to figure 9-7 to sec where you can position the Optics to measure each line of your 
grid. 

Keep in mind Ihal Figure 9-7 is not Ihe only way to make Ihese measuremenls. You can set up 
In any arrangemenl th ai is easiest for your parlicutar application. 

STEP 1. 

LINE DIRECTION 
AND NUMBER: + 1 

<ff FLA THEIS II MIRRORS 

, 

STEP 2. 

LINE DIRECTION 
AND NUMBER: - 3 

STEP 3. 

LINE DIRECTION 
AND NUMBER: -7 

• 

DIAGONAL LINE I.E 

FOOT'PACER WITH 
ANGULAR REFLECTOR 

MOVEMENT OF 
REFLECTOR 

ANGULAR 
INTERFEROMETER 

PERIMETER LINE CA 

CENTER LINE DH 

STEP 4. 

LINE DIRECTION 
AND NUMBER: - 5 

STEP 5. 

LINE DIRECTION 
AND NUMBER: -e 

STEP I. 

LINE DIRECTION 
AND NUMBER: -I 

• 

PERIMETER LINE EG 

PERIMETER LINE loG 

CENTER LINE BF 

STEP 7. 

LINE DIRECTION 
AND NUMBER: -4 

STEP I . 

LINE DIRECTION 
AND NUMBER: +2 

• 
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PERIMETER LINE CE 

DIAGONAL LINE CG 

fiRure 9-7. Suggested Routine For Posilioning Optics 
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(See Pa ge 9-11 ) 
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WHAT AFFECTS ACCURACYl 

Refer to Section 8, "ANGULAR MEASUREMENTS", for it description of potential errors, and how 
to insure adequate accuracy, when using the Angular Optics. 

A build-up o f dust or dirt on the measuring surface can cause error in your Flatness 
measurement. Be sure to clean the measurement surface thoroughly. 

If you move a Surface Plate to calibrate it. be sure you allow it s temperature to stabi l ize before 
you measure ils flatn ess. 
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CONTENTS 

SECTION 10 
STRAIGHTNESS MEASUREMENTS 
(ALONG A HORIZONTAL AXIS) 

INTRODUCTION 
OPERATING SP[CIFICATIONS 
HARDWARE REQ UIRED 
RELATED MEASUREMENTS 
REFERENCE MATERIAL 
IN STALLATION AND ALIGNMENT OF OPTI CS 
MEASUREMENT DISPLAY SETTI NGS 
MAKING A MEASUREMENT 
WHAT AFFECTS ACCURACn 

INTRODUCTION 

A "Straightness" measurement iSl he measurement of perpendi cular motior, along a travel pat h. 
This perpendicular motion can either be hori zonta lly or verti call y oriented. See Appendix A fo r a 
description of the princi ples on whi ch thi s mCilsurement is based. 

OPERATING SPECIFICATIONS 

The following specifications assume that the opl iona l Dimensional Metrology Anil lysis System is 
used in conjunction with the HP 5528A to provide ilverilging and ciliculation capabiliti es for 
Straightness. Parallelism and Squareness measurements and thai the Optical Square is al igned 
within 5 arc-min using aUlorefiection techn iques. 

Accuracy: Overall accuracy is the sum of the two compo nents below. r 

Overall Accuracy = Optical Reference Accu racy + Measurement Accuracy 

Optin l Reference Accuracy :2 

Short Range Optics : 
M etric Units M ode : 0.15 M 2 microns TIR 
English Units M ode : 0.5 F2 micro inches TIR 

Long Range Oplics : 
M el,ic Units M ode : 0.015 M 2 microns TIR 
English Unils M ode : 0.05 F2 microlnches TIR 
where: 

TIR = Total Indica ted Reading 
M = distance of tra vcl of the moving optic in metres 
r - distance of travel of the moving opt ic in feet 
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M eisurement Accuracy: 

Short Range Optics : 

Temperature 
Displayed Value 

Range 0-10 microns 10-1500 microns 
(0-400 microinchesl (400-60000 microinchesl 

'S-2S' C ±3.S% 1:'1% +0.25 microns 
(10 microinches ) 

0-40°C ±6% ± 1% ±O.S microns 
( 20 mlcrolnches) 

Long Range Optics: 

Temperature 
Displayed Value 

Range 
0-'00 microns 100-1500 microns 

(0-4000 mlcrOinches) 14000-60000 microinches) 

15-25° C ±S% ±2.S% ±2.5 microns 
(100 microinches) 

0-40°C ± 7.5% ±2.S% ±5 microns 
(200 mlcrolnches) 

'This Is an~lol!ous to thc traditional str~ightcdgc and indicator method of measuring malghtnl!!is. where Optical 
Reference Accunley COrrC)I>Ol1ds to the ~traighted8e a«wary. and Mcasw emen, Accur~cy corrc~pond) to the 
Indlattor ilccuracy. 

20p,lcal refcrence error C~n be eliminated by using ~tr.lllhtc-dgc Imillon reversal techniques. 

RESOLUTION: 

Short-Range: 
Metric Units Mode: 0.01 micron (O'(X)OOl mm) 
English Un its Mode: 1 rnicroin ch 

Long-Range: 
Metric Uni ts Mode: 0.1 micron (0.0001 mm) 
English Units Mode: 10 microinches 

STRAIGHTNESS DEVIATION RANCE: 

±1.5 mm (0.060 inch ) 

AXIAL SEPARATION RANGE (Typical, with proper alignment. 15-25°C): 

Distance of travel between the Interferometer and Reflector. Interferometer 
located within 5 metres (16.5 (eet ) of laser Head. 

Shorl-ROtnge: 0.1 - 3 metres (4- 120 inches ) 

Long-ROtnge Oplics : 1- 30 metres (3-100 feet ) 
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HARDWARE REQUIRED 

In add ition to the hardware requ ired for any measurement using the l ase r Measu rement System 
(see Figure 4-1), any Straig hlness measuremen t al ong a Horizontal ax is req ui res the hard ware 
shown in Figure 10-1. 

RELATED MEASUREMENTS 

Straightness Measuremen ts (USing the Straightness Relroreflector) Sectio n 11 

Squa reness Measurements (In a Horizo ntal Pla ne) ..................... Sectio n 12 

Squareness Measurement s (In a Vertical Plane) .........•.. . ...•....... Sectio n 13 

Paralle lism Measurements ........................................... Sectio n 14 

REFERENCE MATERIAL 

Ph ysical Se tup of th e laser Head and Tripod ................ ...... .. ... Secti o n 4 

In terconnections, Turn-on .......... . .... . .. . ............... . ......... Sect io n 5 

Alignment Techniques ........ . .•.•........ . . . .. . . . •. . .. . .• . ... . .... Sectio n 15 
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1 EA. 10776A --~ 
STRAIGHTNESS 
ACCESSORY KIT 

1 EA. 1078SA 
POST ANO 
HEIGHT ADJUSTER 

1 EA. 10775A 
LONG-RANGE 
STRAIGHTNESS 
INTERFEROMETER 
AND REFLECTOR 

OR 

1 EA. 1 0774A -L...-Ih::' 
SHORT-RANGE 
STRAIGHTNESS 
INTERFEROMETER 

Figure "/0-1. Hardware Required 

• 
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INSTALLATION AND ALIGNMENT OF OPTICS 

Important Considerations 

1. The Straightness Interferometer mUSt be located between the laser Head and the Straight· 
ness Reflector in the lascr beam. 

2. The Interferometer mll~t be mounted where the tool mounts. 

The Reflector must be mounted where the workpiece mounts. 

(On some machines it isn ' t possiblc to satisfy both " 1" and"2". l n these cases, you will need a 
Straightness Rctroreflector. (See Section 11 .)) 

3. Vibrations and loose connections must be minimized by proper mounting. Avoid long 
extensions. Make sure that all supports are comp letely stationary. A spindle, for example, 
must be secured by a brake so it won', rotate. (If a brake isn 't available try using a hose clamp 
or a wedge. I 

4. The laser beam must be returned to the top port on the laser Head's turret , not to the bollom 
(return ) port. 

5. The Optics must be aligned to the laser beam well enough to keep the Beam Strength 
indicator in the green region along the entire opticS' path. 

6. The Optics must be aligned to the laser beam well enough to eliminate "slope" if the HP 
Dimensiona l Metrology Analysis Sys tem isn't used. 

7. If either Distance or Angular OptiCS have previously been installed, the Straightness Oplics 
can be installed by making only minor changes 10 the mounting hardware. 

8. The laser Ilead's turret ring should be set to "OTHER" during in~ t a llaljon, to tilke advantilge 
of the strongest possible beam, which this setting provid~s. 

Description 

1. You will position the laser Head along the axis you want to measure. 

2. You will posi tion the Interferometer in the laser beam. 

3. Vou will position the Reflector in the laser beam and dose to the Interferometer. 

4. You will align the laser Head to track the Optic's progression along the travel path. You will 
do this by -

• Reviewing the "CUNSICHT" alignment method in Section 15 of this Uscr'sCuidc. 

• Keeping the beam within the hole on the Interferometer target, to maintain the 
beam's near-end-of travel posi tion, and -

• Keeping a two·dot pattern in line with the junction of the Straightness Reflector 's 
mirrors, and symmetrica l abou t its ~Iolted opening, to match the Optic's travel. 

5. Finally, you will check your alignment to insure Ihat " Importilnt Considerations" number "5" 
and number "6" have been me\. 
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Procedure 

NOTE 

Use of the Gunsight A lignment method is described In the 
following procedure. Once you become familiar enough with 
alignment principles, you may want to start with "Autore­
flection" (described in Section 15). 

1. Move the machine's tab le (if it moves) as d ose as possible to the laser Head. 

Move the machine's spindle (if it moves) iIS I~r ~ possible away from the laser Head. 

Note that the " moveable" part of the machine may depend on the ax is you are measuring. 
That is, the "X "-axis moveable pari may not necessarily also be the " Y"_axis or "Z"-axis 
moveable part. 

Thi s wi ll keep the machine fro m hitting the laser Head during a measurement and w ill help 
establish the "near-end-of-travel". 

2. Visua lly align the laser Head as well as you can parallel 10 the direction of travel and position 
it at an appropriate heigh t. Some things to cons ider are-

• Posi tion for an axis appropriate for what you want to accomplish (review Section 4's 
material on this). 

• If you think you wil l be making a Distanceor Angular measurement later, establish a 
measurement axis at II height above the table Ihal wil l al low easy interchanging of 
Ihe Optics. To do this, mount the Straightness Reflector as shown in Figure 10-4, 
and keep the Reflector as low as poss ible o n its lJase, without covering up the hole 
in the Reflector Mount's Post. Then position the laser Head so its beam strikes the 
center of the slot. 

• Use " Autoreflection" to help you do this once you become proficient at laser 
System measurements. If you usc " Au lorefleclion" you won', have to do any 
further alignment. you'll only need to check for beam strength (and remove slope, 
if you don 't usc the HP Dimensional Metrology Analysis Syslem). 

3. Decide where you will position the Opti cs so that: 

• The Interferometer is between the Reflector and the laser Head. (Alsosee"OTHER 
MOUNTING REQUIREMENTS", below.) 

• The Interferometer is where the tool mounts. 

• The Reflector is where the workpiece mounts. 

• The Optics are at the " near end o f travel". (This meanslhat any subsequent motion 
of Ihe machine wi l l separate the optics further rather than bring them closer 
togcther.) (See Figure 10-2. ) 

For Short range measurements thiS should be about 100 mm (4 inches ). 

For long ran ge measurements Ih is shou ld be abo ul 900 mm (3 feet). 
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SPINDLE 

r 
C '- =--_,:::J STRAIGHTNESS 

- --J REFLECTOR MOUNT 

STRAIGHTNESS 
INTERFEROMETER~ 0 

NEAR-ENO-OF-TRAVEL =~ 
4 INCHES FOR SHORT RANGE 
3 FEET FOR LONG RANGE 

TABLE 

Figure 10-2. Positioning 'he OpOcs 

I 

4. Auach the Straightness Interferometer and the Straightness Reflector 10 their mounting 
hardware to accomodate the positions you chose in step "3". (See Figure 10-3 and 
Figure 10-4 ). 

a. Mount the Interferometer in the spind le, by either -

• anaching the Height Adjuster to a Post as you would for table mounting, or -

• screwing ilS base directly into the post. or -

• screwing the Post into the Height Adjuster after removing the large knurled knob. 
This latter arrangemen t may make it easier to change to Distance and Angular 
Optio. 

b. Orient the Straightness Reflector horizontally or vertically to malch the type of 
measurement you would like to make (horizontal or vertica l straightness). 

5. Select the sma ll opening for the laser Head's exit port. and set the turret ring to "OTHER". 
(When aligning your setup, it is good practice to work wi th the st rongest possible beam. 
which this setting provides.) 
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SPINDLE OR 
OTHER SUPPORT 

I 

1 

o 

"'" I , 
I , , 
I , 

~
'POSTFROM 

10776A 
ACCESSORY KIT 
OR 10785A 
HEIGHT 
ADJUSTER 
II. POST 

1078SA o ~ HEIGHT ADJUSTER 

, I 
I , 
I. 

., 
' I ,! ~ BASE FROM 10778A I I ' , , I ACCESSORY KIT , , I , I , , 

@ 
_____ 10774A OR 10775A r STRAIGHTNESS INTERFEROMETER 

FIgure 10-3. StroJ/gh/ness Illterferomeler Mounting 

6. Atlach the targe t to the Straightness Interferometer. Th is target is included whh the Optics. 

The target should be attached 10 th e Strai ghtness Interferometer opening that is dircded 
toward the l aser Head. 

Make sure the target is positioned 35 closely as possible relative to the edges of the Optic. Use 
you r fingers to match edges. 

7. Adjust the Slraightness Interferometer (o r trans late the l aser Head) so the l aser Beam goes 
through the target's hole. 

Secure the Int e rferometer to th e machine in such a way th ai the Int erferometer is as square as 
possible re lati ve to the incoming beam. The Interfero mete r housing's pitch lim itations are ± 2 
degrees; it s yaw and rolilimilat ions are ± 5 degrees. The pitch requirement wi ll be taken care 
of automatica lly by using th e moun ting hardware listed above. 
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2 

1 

REFLECTOR MOUNT 

01-.,---

= 'rT 

3 

10774A OR 1077SA 
STRAIGHTNESS REFLECTOR ~-----------JPOST 

FROM 10776A 
STRAIGHTNESS 
ACCESSORY KIT 

BASE 

Assemble the Straightness Rertector and its mounting hardware, 
using the procedure below. 

a. Auach the Straightness Reflector 10 the adjustable mount, using the 
screws identified by "l". 

Make sure the slol is closest to the screws identified by "1". (This wil l 
allow laO-degree rotation of the mirror without moving the 
mounting hardware. \ 

b. Screw the Accessory Kit's Post inlo any side or the rear of the Ad­
justable Mount, as required for positioning. 

c. Slide the Post into the Base and secure with the large knurled knob. 

Adjustment "2" allows 360-degree rotation of the re(leclor. 

Adjustment "3" rotat es the reflector over very sma ll angles 10 help 
in fina l alignment. 

Figure 10-4. Straightness Reflector Mounting 
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8. Remove the target from Ihe Interferometer. 

9. Select the large aperture for the Laser Head's exi t porI. 

10. ROlate the Interferometer's bezel unlillhe bezel's scribe line is oriented 90 degrees to the 
slo tt ed opening in the Straightness Ref lector. (See Figure 10-5.) Two beams should now 
come out of the Interferometer, in a plane perpendicular to the slotted opening in the 
Reflector. 

_ SCAIBE LINE 

6\ ~ ~ 

10774A OR 10775A 
STAAIGHTNESSINTERFEROMETER 

Figure 10-5. Imerferomcler Bezel - Scribe Line 

11 . Position the Reflector within 100 mm (4 inches) for Short Range measurements or 900 mm (36 
inches) for Long Range measurements of the Interferometer. 

Position the Reflector so thai the two daIS resulting from step " 10" are oriented along the 
junction of the Straightness Reflector's mirrors and are symmetrical about the mirrors' slotted 
open ing. (See Figure 10-6.) 

Figure 10-6. Inili,,/ Positioning of R. ef/eclar 
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12. Select the sma ll aperture for the laser Head's exit port and repeat step " 11 " . 

13. Secure the Reflector assembly so it is square relative to the incoming laser beam within ± 5 
degrees. 

14. Reattach the !argetto the Interferometer so the hole in the Interfe rometer's targel is centered 
around the beam. 

15. You are now ready 10 align the laser to the machine's travel. 

Review the "GUNSIGHT" mel hod of alignment in Section 15 of this User's Guide. 

Your goa l is to adjust the laser Head to track the Optic's progression along the trave l path, 
while maintaining the beam's near-end-of-travel position. You will do this by -

• Keeping the beam in the small hole on the Interferometer target, to maintain the 
beam's near-end-of travel position, and -

• Keeping a two-dot pattern in line with the junction of the Rertector's mirrors, and 
symmetrical about ils slott ed open ing, 10 match the Optic's travel. 

This will be a little different than aligning for Distance and Angular measurements, since 
w ith these alignments you were only watching one dot relati ve to a target cross hai r. 

16. M ove the Optics to the far end of travel. 

17. Rotilile the laser Head, verticall y ilnd horizontally, to keep the two dots lined up on the junction 
of the Refl ector's mi rrors, and symmetri ca l about its slotted opening. (See Figure 10-7.) 

Since th e daIs wi ll move apart as the Optics move, you may have to hold a card on each side of 
the Reflector's slot to fo llow their movement. 

Figure 10-7. Two Dms on the Reflector 
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18. Translate the laser Head, horizontally and vertical ly, to keep the beam from being dipped by 
the smtlll hole in Ihe Interferometer target. 

Any translation of Ihe laser Head will cause Ihe two dots 10 move from Iheir posilion on the 
Reflector, so you wi ll have 10 again rolale and translate the laser Head (i.e., repeat step "17" 
and step " 18" ) several times before you are finished. 

You are fin ished with Ihis procedure when the beam goes Ihrough the Interferometer larget 
and the two dots are symmetrical about the Reflector's slotted opening and in line with the 
junction of its mirrors. (See Figure 10-7.) 

Final Adjustments (After Aligning) 

1. Remove the Interferometer Target . 

2. Turn the Laser Head's turret ring 10 "OTHER", if not already so. 

3. Watch Ihe front of the Laser Head as you lurn the Interferometer's beze l to bring the scribed 
line parallel to the Strai ghtness Reflector's sial. 

You should see two dots cross dose 10 the laser "Iead's e)(it port. If you can't sec these dots-

a. Cut a hole in the middle of a piece of paper. 

b. Hold this paper between the Interferometer and the Refl ector , bUI closer to the 
Interferometer. You should see eilher one dOlor two closely spaced daIS on the piece of 
paper. 

c. Adju st the Reflector Mount 's micrometers until the dOI(s) disappear into the Inter­
ferometer. 

d. Remove t he paper and look at the laser Head. You should now see two dots on the front 
of the laser Head. 

Turn the beze l unlilthe dots overlap. 

4. Adju st the Refl ector Mount 's microm eters unlilthe overlapping dots arc centered on the exi t 
port , and " halo" the small aperture. 

5. Set the laser Head's turret ring to "STRAIGHT". 

6. Select the l aser Head exit port 's large aperture. 

7. Turn Ihe bezel slightly unlil the Laser Head's " SIGNAL" l ight comes on and the BEAM 
STR ENGTH meter indicatio n is in the green area. 

NOTE 

Only a sligh t adjustment of the bezel is necessary 10 do this. 

8. Further adjust the Reflector Mount's micromet crs until the BEAM STRENGTH meier 
indicati on is at a maximum. 
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Checking Alignment for Beam Strength 

Move the machine over its full travel range, making sure that BEAM STRENGTH is adequate (in 
the green area) at all positions. 

If beam strength decreases al any point. 

a. Check for dipping of Ihe beam by the Optics. Reposition the Opt ics, if necessary, and 
Ihen re-check. 

b. If you see part of thc return beam on Ihe edge of the Exit (top ) port , rotate Ihe Laser Head 
until Ihe return beam disappears. 

If thiS didn 't correcl the " reduced beam strength" problem, refer to the " MANUAL 
REMOVAL OF SLOPE" information below. 

NOTE 

If the BEAM STRENGTH indication never reaches Ihe right-hand 
half of thc meter 's range, at any point along the Optics' full travel 
distance, your Optics may need deaning. Thoroughly clean all 
optica l surfaces, as described in Section 20 of this User's Guide. 

Checking for Mis-alignment Between the Reflector's Reference 
Bisector and the Optics Travel Path ("Slope") 

1. Press Ihe Measurement Display unit's " LONG" or "SHORT" STRAIGHTNESS key corres­
ponding to the length of your measurement. 

2. Press the RESET key. 

3. Again, move the machine over its full travel range, this time checking the Measurement Display 
unit to see if there is a steady change in the number displayed, rather than either a random 
scattering of numbers or a constant number. 

A steady change of numbers indicates misa lign ment between the machine's travel axis and Ihe 
Laser beam. This error is called "slope", and you must remove it - ei ther manually or 
automatically (using a Calculator ). See " WHAT AFFECTS ACCURACY?" information, below. 

Manual Removal of Slope 

Description 

1. AI Ihe rar end of travel (i.e .• OptiC\ are as far apart as possible). you will ti l t Ihe Straightness 
Reflector 10 change the displayed measurement value to a newly-calcu lated value "VN". 

Tilting the Reflector in this way moves its referen ce bisector loward the Optic's travel path 
(see Figure 10-8). 

2. At the near end of Irilvel (Le. , Optics arc close together), you wi lilranslate Ihe Straightness 
Interferometer (or the Reflector ) so the displayed va lue Is " zero" al this point. (See 
Figure 10-8.) 

Moving the Interferometer in this way lines up the Reflector 's reference bisector with Ihe 
center of thc Straightness Interferometer. 
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ACTION 

MOVE TO 
FAREND---------------+« 

OF TRAVEL 

TlLT _______________ ..p.1(' 
REFLECTOR 

-----

---

RESULTS 

LASER 
SYSTEM 
INDUCED 

SLOPE - Vo 

PERPENDICULAR BISECTOR NOT 
DIRECTED ALONG TRAVEL PATH. 

NEW SLOPE '" VN 

PERPENDICULAR BISECTOR DIRECTED 
_______________________________ .~L=_O=_N~G..:O:..:.THER SIDE OF TRAVEL PATH . 

... 
Move TO 

NEAR END ---------------::-6r~ 
OF TRAVEL _-

-----

TRAN SLATE ______ _ 

INTERFEROM ETER ------------=*' 
OR REFLE CTOR __ ---

ORIGIN 
NOW OFF 
AFTER ANGULAR 
ADJUSTMENT 

PERPENDICULAR BISECTOR NOT 
CENTERED IN INTERFEROMETER 

ZERO OUT 
ORIGIN 
POINT 

PERPENDICULAR BISECTOR CENTERED IN INTERFEROMETER 
AND DIRECTED ALONG TRAVEL PATH 

Figure 10~8. Removing STope 
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3. No adjustment will be made to the l ase r Head unless th e adjustments described in step " 1" 
and step " 2" above cause the BEAM STRENGTH indicator to move into the " red" region . If 
this happens, you should rotate the laser head untillhere is enough beam strength, whi le 
translating the lase r Head to keep the beam centered in the Int erferometer. 

In making any adjustmenlto the Laser head , keep in mind that the Straightness Optics appear 
as a plane mirro r relative to the Laser Head. That is why you shou ld ro tate the Laser Head to 
increase beam strength . 

Procedure 

1. Reset the Measurement Display with th e Optics at the near end of travel. 

2. Move the machine (and Optics) to the fa r end of travel and note the slope measurement on the 
Measurement Di splay. 

3. Adjust the micrometer Ihat conlrols motion in the plane of the Straightness Refledor's slot to 
cause the displayed number to change to the value calculated below -

where -

X Vo 

VN "" the New Value 

DNE = Distance between Opti cs at Near End position 

DFE "" Distance traveled by moving Optic to Far End position 

Vo = the Old Value ("slope") 

~example, suppose the nea r-end spacing of the Optics ("NE") is 100 mm (4 inches), and! 
I ~~~hdi stance trave led by the moving Oplic to the far-end spacing (" FE" ) is 600 mm (24 1 

inches). Additionally, suppose thai the measured slope at th e far end is 0.0500 mm 
(0.00197 inch ). 
You should adjusl the Reflector's tilt until the displayed value changes 10 -

L -100 mm X 0.05 mm = - 0.0083 rnrn HUX)032 inch) 
600 mm 

------- ----
If you start losing too much beam st rength , and -

_J 
a. U you see an y part of the return beam st rikjn~ the front of the Laser Head (around the ex it 

port), rotate the laser Head until the return beam disappears into the port. 

b. If you see any part of the laser beam striking any pat! of the Interferometer (o ther than the 
glass), translate the laser Head until the beam strikes only the glass. 

Remember Ihal rotating or translaling the Laser Head will not change the numbers in the 
display. 

4. Reset the Measurement Display, and return the machine to the near end of travel. 
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5. AI the near end o f travel, move Ihe Interferometer or the Reflector in a direction parallel with 
the slolled opening in the Rertedor until the Measurement Display reads zero. 

tf beam strength again gets too low, turn the laser Head 10 regain adequate beam strength, and 
translate the laser Head to prevent clipping of the beam by the Interferometer. 

6. Repeat step " 1" through step "5" as often as necessary to make measurements at both ends of 
travel come out to be " zero". 

Measurements Along A Perpendicular Axis 

Perpendicu lar straightness measurements made on other horizontal a)(es should be made from a 
second laser Head set·up in line with thc new all'is. 

Straightness measurements on vert ica l perpendicular axes are described In Ihe next seoion. 

Figure 1()"9 and Figure 70-70 show positioning of Strillghtness Optics on three different all'cs. Two 
l aser Head set·ups are needed. 

Othe r Mounting Requirements 

Although we have tried to provide you wilh a maximum of mounting fle)(ibi1ilY, there may be 
situatio ns w hen you need more capab ilit y. For more information, you should turn to 
Appendix C for dimensions of the Opti cs and the mounting hardware. 

It may sometimes be impossible for you to position the Interferometer between the laser Head 
and the Straightness Refl ector while at the same time mounting the Interferometer where Ihe 
tool mounts and the Reflector where the workpiece mount s. In these cases, you should use the 
Straightness R~lroreflect or (provided in the Straightness Accessory Kit ) to make your measure· 
menl. (See Section 11 .) 
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Figure 10-9. Three-axes Posilionlng of Op(/cs - Firsl Laser /-lead Setup 
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Y-AXIS 
HORIZONTAL 

V-AXIS 
VERTICAL 

, 
/' I 

Z-AXIS 
HORIZONTAL 

--

Figure 10-10. Three-axes Positioning of Optics - Second Laser /-lead Setup 
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MEASUREMENT DISPLAY SETTINGS 

NOTE 

Measurement Display settings are the same with or without 
sensors. 

Measurement Mode Keys 

STRAIGIITNESS 

Press the key corresponding to the length o f Ihe measurement -

Use LONG for 1 metre to 30 metres (3 feet to 100 feet ) 

LONG SHORT 
Use SHORT for 100 mm to 3 metres (4 in . to 10 feet ) 

Set-Up Keys 

Io;;;j 
~ 

(RESOl) 

t RESEJ 

NOTES 

1. To enter a value for any keys-

a. Use the ENTRY keys to specify the numeri c va lue, 

b. Press the key to assign the value to thaI key. 

2. To check the current status of any o f these keys, just press the 
key. Then press the key again, to return to the mode you 
seleded earlier. 

3. More information about each key is available in Sectio n 16 
of thi s User's Guide. 

Determine which directio n of molion you want to be " positive" or "negative", 
by pressing slightly on the Straightness Interferometer and pressing this button jf 
the direct ion you pushed caused the "wrong" sign for the reading. Remember 
thaI opposi te perpendicular moti ons fo r the Interfero meter and the Reflector 
result in readings with the same sign. 

Determine the resolution you need from the accuracy you want. Enler the 
number of places you want, and then press th is key. 

for Short Stra ightness measurements, resolu tion ex tends to five places (0.00001 ) 
for millimetres, and to six places (0.000001) for inches. for Long St raighlllcss 
measurements, resolu tion ex tends to four places (0.0001 ) for millimetres. and to 
five places (0.00001 ) for inches. 

This key also allows you to "smooth " your data by entering a positive number. A 
negative resolution number wil l remove any smoothing. Smoothing reduces the 
effects of vibrati on. 

In this measuremen t mode, this key multiplies the measured va lue by a preset 
(stored) va lue. The multiplier value is " 1", un less you hilve entered some other 
value (other than "0" ). 
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You must en ter a ca libration factor for the particular SHaightness Reflector you are using. You 
will find the calibra tion number you need on the label withoutthe serial number on the side of 
the Slraightnes5 Interferometer . Enter this number ~ "x.xx" ) , using the ENTRY keys to specify the 
numeric va lue, and then pressing PRESET. 

NOTE 

If you arc using a Straight ness Reflector from the HP 5526A 
System, enter the reciprocal of the calibration number you find 
on the Rellector (i.e., "1I(cal nbr" ). 

MAKING A MEASUREMENT 

System Checks 

1. Make sure the laser Head 's Exit port is swit ched to its large aperture. 

2. The laser Head turret must be sct to " STRAIGHT". 

3. The laser Head 's READY indicator must be lighted steadily (i.e. , not blinking ). 

4. Make sure you are properly interfaced with other instruments as needed to record your data. 

3 . If you record your data manually, no interfacing is necessary. 

b. If you want to record your data automatically, but you aren 't usinglhe HP Dimcnsional 
Metrology Ana lysis System or another HP-IB controller, you must have an HP-IB 
compatible printer connected to the MeasuremeOl Display unit , via the rear panel HP-IB 
connector. You must also make sure the Measurement Display is set-up to output to a 
printer via HP-18. Sce Sed io n 18 and follow the instrudions for "Data Transfer without an 
HP-IB Controller". 

c. For fo rmalted automatic records, you shou ld have the HP Dimensional Metrology 
Ana lys is System or an HP-IB controJler with your own prOBrams 10 make it work with the 
l aser Measurement System. The HP Analysis System comes with an HP Persona l 
Computer and programs to make iI work wit h the laser Measurement System. The 
operat ing manual for the Analysis System will explain how to use it. In either case, you 
must first make sure the Measurement Display is set-up to accept a controller via HP-IB. 
See Section 18 and follow the instructions ror "Data Transfer with an HP-IB Controller". 

Procedures 

Two different measurement methods are ava ilable. You can have your sys tem make measure­
ments -

• only at points you specify, or -

• au toma tically, at the time interval you speCify, withou t regard to the location ohhe 
Optics. 
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Measurements at Specific Physical Locations 

To have your laser Measurement System make measurements on ly at specific physical lo­
cations -

1. Push the RESET key. (You can also RESET from the Remote Control Uni!. ) 

2. Move one of the optics a predetermined distance. 

3. Press the RECORD button on the Remote Control Unit connected to the Measurement 
Display. One measurement is made each time you press this button. 

Measurements at Specified Time Intervals 

To have your laser Measurement System make measurements at specific time intervals (i.e., "on­
the-fly") -

1. Push the RESET key. (You can also RESET from the Remote Cont ro l Uni!. ) 

2. Enter the tirne interval you want between measurements (0.05 to 12 seconds). 

3. Press the AUTO RECORD key. This will sta rt the automatic taking of data. (See Section 16 for 
more information about using this key. ) 

4. Move one optic along the full measurement path. A meaSlJrement is made automatically 
every so many seconds until you press the AUTO RECORD key again. 

5. Press the AUTO RECORD key when the end of travel is rea ched. This will turn off the AUTO 
RECORD mode, and end the recording of measurements. 

NOTES 

• Make sure the frequency at which you want 10 lake measure­
ments isn't greater than the rate at which the Measurement 
Display unit can updale measurements for the reso lution you 
have requested. (The update rate decreases as resolution in­
creases). If you exceed the update rate for a given resolu tion, 
"Sr Error" will be displayed. 

Update rates are given in the laser Measurement System's 
Service Manual. 

• If an HP Personal Computer or an HP-Ifj Printer is not con­
nected to the Measurement Display unit, pressing RECORD or 
AUTO RECORD will cause the message "lr Error" 10 be 
displayed. 

WHAT AFFECTS ACCURACY? 

Potential Straightness measurernent errors are unlike those for either Distance or Angular 
measurernents. 
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Laser System Error Sources 

Error sources within the Laser Measurement System are -

it. Straightness Reflector mirrors. 

b. Mis~3lignment between the machine's travel axis and the laser Measurement axis 
("slope" ). 

c. Environment (e.g., machine and atmosphere). 

Straightness Reflector Mirrors 

Description 

The limiting accuracy of a Straightness measurement is directly related to the accuracy of the mirror 
ca libration factor and to the difference in flatness of the two plane mirrors that serve as the 
Slraightness Reflector. V.O.l. error is nesligible comp<lred to the overall measurement accuracy. 

For example, suppose one of the mirrors is flat, but the other is convex by a sma ll amount ("C"), as 
shown in Figure '10-11. Even if the Straightness Interferometer were to travel a straight path with 
respect to the Mirror's axis, the oplic::al path length of r t would be shortened by an amount equal 10 

"c" with respect to the optical path of f2, and this would be interpreted by the Interferometer 35 
"ou t~of~straightness" in the Interferomctcr's travel. 

Slraightness accu racy limitations resulting from the Reflector's mirrors are given under "OPTICAL 
STRAIGHTEDGE ACCURACY", in the "OPERATING SPECIFICATIONS" at the beginning of this 
User's Guide Section. 

-

Figure 10-11. Fialncss of Slraighlness Rel/eclor Mirrors 

Minimizing Effects 

The accuracy of the HP Straightness Measurement is given at the beginning of this section. Accuracy 
consis1.S of an Optical Straightedge component and a linearity componen t. This accuracy can be 
improved to the linearit y limits alone given in the mauix under "OPERATING SPECIFICATIONS" , 
by rotating the Straightness Reflector through 180 degrees, and making a second pass. 

The Straightness Reflector and its Mount are designed to rolate around the junction of the 
Reflector's mirrors to make this procedure easier. (The slolled opening in the Reflector must be as 
dose as possible to the screws identified by "1" in Figure 10~4 . ) 
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Misalignment Between Machine Travel and the Laser Measurement 
Axis (Slope) 

Description 

This does not cause a cosine error, as it did in Distance measurements. Instead, misalignment causes 
a slope to be measured, since the Straightness Refleoor is not directi ng Its reference biseoor along 
a path parallel to The axis of travel . (See Figure 10-12.) 

O 
Reference Bisector (Straight Edge) -- I-~·,,~----------~~= .. ~ ~ .. 

• - -..:.. • • True Distance of 
4taC1I/n";' T":"': ~ • Out-of-Straightness 

ro,./ (Xi - r. -:-.-; J:-. -,.. >--

Data Point t '. -:-

rm = data slope = rise over run "" Y IX 

• Misalignment of Reference Bisector 
results in a data slope as the Interferometer 
measures displacement from the Axis of 
Travel to the Reference Bisector. 

Displayed Distance 
(y) 

. -- ---. ...:.!(}-. 

Figure 10-12. Misalignment Between Machine Travel and Laser Measurement System 

Minimizing Effects 

The th ree ways to remove slope from the St raightness data are -

1. Automatic Calculator reduction and pial of data. 

2. Manual mathematic reduction and p lot of data. 

3. Manually aligning the slope out with a zero-end-point-fi!. 

Manual alignment may be necessary if the slope becomes great enough to reset the Measurement 
Display before the end of travel is reached , or if a subsequent squareness measurement is to be 
made. 

If you have the HP Dimensional Metrology Analysis System (DMAS), you will want to use method 
"1" above, and automatically remove slope. If yOll don', have the DMAS, you wi ll have to use 
method 2 or method 3. 

Method 2 is done by calcu lat ing either a zero-end-point or a least-squares best line fit through the 
data points , and subtract ing the slope al each command position. See Section 21 for instructions. 

Method 3 is described in detail in the " INSTALLATION AND ALIGNMENT OF OPTICS" part of this 
User's Guide Section. 
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Environmental Errors 

Description 

As with any accurate measurement, and in particular with all laser System measurements, the 
environment plays a very important role. 

Environmental errOrS corne from -

1. Thermal expansion of the machine or part, 

2. Machine vibration, 

3. Air turbulence. 

A Straightness measurement is especia lly susceptible to environmental effects. It is impossible to 
quantitatively determine how these environmental characteristics will affect the measurement , 
although it is sometimes possible to identify when they are having an effect . 

Excessive vibration and/ or air turbu lence can be identified by -

1. Rando m drifting of the measurement results when the Optics are at rest. 

2. Drifting increasing as the distance between the Optics increases. 

The effects of vibration can be further identified if the drifting of the measurement SlOpS when the 
mach ine is turned of(, or by e)(ceeding the slew rate during the measurcment (disrupting the 
measurement ). 

Minimizing Effects 

1. Thermal expansion of the machine or Optics. 

These effects can be minimized by Ictting the machine and Opti cs reach thermal e<luilibrium 
before making a measurement. 

2. Machine Vibrations. 

it . Adequate fixturing is the main way to reduce the effects of vibration. 

Make sure the Straightness Reflector's Base is securely fastened 10 the tabl e, and that the 
Post is securely fastened to the base on one end and the Refleaor on the OIher. 

Avoid long extensions. 

b. Vibrational effects can also be reduced by -

• Averaging successive runs or averaging successive averages. 

• More accurale manual slope removal. 

• Reduced feed rales. 

• Pads under the refledor's base as a lasl resort in high-vibration , low-accu racy work. 
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J. Air Turbulence 

Air turbulence is caused by temperature differences in the ai r. To remove these differences, 
you should remove their sources (e.g., open doors, lamps, exhaust lans, motors, elc.). 
Alternatively, yOll shou ld mix the air thoroughly along the measlIrernc"t path, lIsinl3 a large fan. 
If you ca n redu ce the sources of temperature differences and mix the measurement path air, 
you'll be eve" bener off. 
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SECTION 11 
STRAIGHTNESS MEASUREMENTS 

USING THE STRAIGHTNESS RETROREFLECTOR 

CONTENTS 

INTRODUCTION 
OPERATING SPECIFICATIONS 
HARDWARE REQU IRED 
RELATED MEASUREMENTS 
REFEREN CE MATERIAL 
INSTALLATION AND ALIGNMENT OF OPTICS 
MEASUREMENT I)ISPLA Y SEn I NGS 
MAKING A MEASUREMENT 
WHAT AFFECTS ACCURACY? 

INTRODUCTION 

Any Straightness measurement along a Vertical axis, and Straightness measurements along a 
Horizontal axis that are in line with a horizontal spindle, require use of a Straight r,ess 
Retrorelreflector to reverse the direction of the la ~e r beam. 

The Straightness Relroreflector is a large Retroreflector mounted in a housing that also supports 
the Straightness Interferometer. The Relroreflector is placed in the laser beam to reverse the 
beam and allow the Interferometer to be mounted in the machine's spindle, even though you 
can't install an Optic behind the spindle. 

NOTE 

If you are interested in a vertical Squareness measurement, do 
not make a Straightness measurement as described In this User's 
Guide Section. Instcad, usc the instructions given in Section 13. 
This Section (Scction 11 ) is intended for someone who wants to 
make Straightness measurements only. 
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OPERATING SPECIFICATIONS 

The fo llowing specifications assu me that the o ptional Dimensional M etrology Analysis System is 
used in conjunction with the HP 5528A to provide averaging and calculation capabilit ies for 
Straightne ss. Parallelism and Square ness measurements and thaI the Optica l Square is aligned 
with in 5 arc-min using autorefl ecti on techniques. 

Accuracy: Overall accuracy is the sum of the two componen ts below. 1 

Overall Accuracy == Opt ical Reference Accuracy + Measurement Accu racy 

Oplical Reference Accuracy :2 

Short Range Optics : 
Melrie Units Mode : 0.15 M 2 microns TIR 
English Unils Mode : 0.5 F2 microin ches TIR 

Long Range Optics : 
Metric Units Mode : 0.015 M 2 microns TlR 
English Unils Mode : 0.05 F2 microinches TIR 
where : 

TIR "" Total Indica ted Read ing 
M == distance of tra ve l of the moving optic in metres 
F == distance of trave l o f the moving optic in feet 

Measurement Accuracy: 

Short Range Optics : 

Temperature 
Displayed Value 

Range 
0-' 0 microns , 0-' 500 microns 

10-400 micrOinches) 1400-60000 microinches ) 

15-25° C ±3.S% ± 1% ±0.25 microns 
no microi nches ) 

0-40°C ± 6% ± 1% ±0.5 microns 
(20 microi nches) 

Long Range Optics: 

Temperature 
Displayed Value 

Range 
0- ' 00 microns 100-1500 microns 

(0-4000 microi nches\ 14000-60000 microinches l 

15-25° C :tS% ± 2.5% -:t 2.5 microns 
(100 microi nches) 

0-40°C ± 7.5% ± 2.5% ± 5 microns 
(200 microinches) 

I I his i ~ ~rmIOIlOU ~ 10 the tradl!lon~1 ~ tfal ll htedlic and indicator mcthod 01 tnca ~ urinll ~ traillhtncn . where Optlc~1 
Reference Accuracy corre ~pol1d ~ to the slrd t ~htedllc aCluracy. and Mealurement Accurd l Y cOfrc ~pond~ 10 the 
Ind l c~ t O I accul OlCy. 

20pticalH·lcrencc Clr Qr c~n be climirlJled by usll1!,: wai!:hlcd!,:c Iml rlOfi rCVCnallcchniqucs. 
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RESOLUTION: 

Short-Rill nge: 
M etri c Units M ode : 0.01 micro n (0.00001 mm) 
English Units M ode: 1 microinch 

Long-Rillnge: 
Metric Units Mode : 0,1 micron (0,0001 mm) 
English Units Mode : 10 microinches 

STR AIGHTNESS DEVIATION RAN GE: 

±1.5 m m (0.060 inch) 

AXIAL SEPARATIO N RANGE (Typical, w ith proper al ignment, 15- 25°C) : 

Oistance o f tra vel between the Interferometer and Refl ector. Interfero meter 
located wi thin 5 metres (16.5 feel ) o f l aser Head , 

Shorl-Range: 0.1-3 metres (4- 120 inches ) 

Long-Range Optics : 1- 30 metres (3- 100 feel ) 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using Ihe l aser M easurement System 
(see Figure 4-1), any Straightness measurement 310 ng a Vertica l axis requires the hardware shown 
in Figure 11 -1. 

NOTE 

There are both a Straightness Reflector and a Straightness 
Neh oreftector. In this User's Guide SeCi io n, we wil t try to always 
type " Netroreft ecl or" like Ihis, w ith th e " Retro" in bold type, to 
emphasize when that is the one that is to be used, 
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~~::::-- 1 EA. 1077SA 
\~ STRAIGHTNESS ACCESSORY KIT 

_.L- l EA . 10772A 
TURNING 
MIRROR 

1 EA. 10775A LONG-RANGE _--1 
STRAIGHTNESS INTERFEROMETER 
AND REFLECTOR 

OR 

• 

• 

1 EA. 10774A SHORT-RANGE 
STRAIGHTNESS INTERFEROMETER 
AND REFLECTOR 

Figure 11-1. Hardware Required 
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RELATED MEASUREMENTS 

Straightness Measurements (Along a Horizontal Axis ) Section 10 

Squareness Measurements (In a Horizontal Plane) Section 12 

Squareness Measurements (In a Verlical Plane) ......... •. ...•..... Section 13 

Para llelism Measurements .. .................... ......•....•....... .. Section 14 

REFERENCE MATERIAL 

Physical Setup of the Laser Head and Tripod Section 4 

Interconnections. Turn-on. ............. .......... .. ..... . . .......... . Sect ion 5 

Alignment Techniques .... , ........... ,................... ... ....... Section 15 

INSTALLATION AND ALIGNMENT OF OPTICS 

Important Considerations 

1, The Straightness Interferometer must be located between the laser Head and the Straight­
ness Reflector in the laser beam. 

The sequence of Optics along the laser beam is -

• lase r Head 

• Turning Mirror (required for Vertical -ax is measurements only ) 

• Straightness Relroreflector 

• Interferometer 

• Reflector 

2. The Relroreflector/ lnterferometer must be mounted where the tool mounts. The Reflector 
must be mounted where the workpiece mount s. 

3. Vibrations and loose connections must be minimized by proper mounting. Avoid long 
extensions. Make sure that all supports arc completely stationary. A spindle, for example, 
must be secured by a brake so it won' t rotate. (If a brake isn't available try using a hose clamp 
or a wedge.) 

4. The laser beam must be returned to the top pori on the laser Head's turret, no. to the bottom 
(return ) porI. 

5. The Optics musI be aligned 10 the Laser beam well enough to keep the Beam Strength 
indicaTor in The green region along the enlire optics' paTh. 

6. The OptiCS must be aligned TO The lase r beam well enough to eliminate "slope" if the HP 
Dimensional Metrology Analysis System isn't used. 
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7. The laser Head's turret ring shou ld be set to "OTHER" during insta llation, to take advantage 
of the stronges t possible beam, which this seni ng provides. 

Description 

1. You will init ia ll y position the Optics in their relative positions as described in " IMPORTANT 
CONSIDERATIONS", above, and at the ncar end of travel. 

2. You will position the lase r Head so the beam strikes the Optics. 

NOTE 

Two separa te procedures will be provided for step " 1" and step 
"2" above. One procedure is for Vertica l axes; the o ther is for 
Horizontal axes. 

3. You will align the laser Head to track the Optic's progression along the travel path, while 
maintaining the beam's neaf*end*of-Irave l position. You will do this by -

• Reviewing the " GUNSIGHT" alignment method in Secti on 15 o f this User's Guide. 

• Keeping the beam within the Alignment rin g on the Strai ghtness Retroreflector. to 
maintain the beam's near-end-of travel position, and -

• Keeping a two-dot pattern in line with the junction of the St raightness Refl ector 's 
mirrors, and symmetrical about it s slolled opening, to match the Optic's travel. 

4. fi nall y, you will check you r alignment to insure that " Importan t Considerations" number " 5" 
and number "6" have been met. 

Installing Optics For A Ve rtical-Axis Measure ment 

1. Assemble the Straightness Reflector and its mount as you wou ld for a measurement al ong a 
ho ri zontal axis, except attach the post to the rear of the Adjustable Mount (see Figure 11-2). 
Be sure the Strai ghtness Reflector' s slot is oriented away from the mounting screws, and 
toward where the Turning Mirror will be mounted. (This is opposite of the way the Reflector 
was mounted for Strai ghtness measurements along a Horizontal axis, described in Section 
10. ) 

The Straightness Reflector's mirrors should now be ori ented " up" . 

NOTE 

If you think you will be making a Distance or Angular measure­
ment later, establish a measurement axis at a height above the 
table that wi ll allow easy interchanging of the Optics. To do this, 
adjus t the height of the Reflector/ Turning Mirror assembly to be 
as low as possib le on its Base. 
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10774A OR 10775A 
STRAIGHNTESS 

SLOT TOWARD 
END 

000 

MOUNT 

FROM 
,_-.______ 10776A 
I - POST STRAIGHTNESS 

ACCESSORY KIT 

Assemble Ihe Strai ghtness Reflector and its mo untinB hard wa re, usi ng 
the procedure below. 

a. Attach th e Straightn ess Re fl ector t o the adjustable mou nt , using 
the screws iden tified by "1". 

Make sure the slot is as fat as possibl e from th e screws identifi ed 
by " 1". (This will allow for co rrect spacing between thc Turning 
Mirro r and the Reflector.) 

b. Screw the Accessory Kif 's Post into Ihe rear of th e Adjustable 
Mount. 

c. Slide the Post into thc Ilase and secure with Ihe large knurled 
knob. 

Adjustmenl " 2'> allows 360-deBree ro talion of th e reflecto r. 

Adjustment " 3" rota tes th e re flector over very small angles to help 
in final alignment. 

Figure 11-2. Stra igh tn ess RefieCl or Mounting 
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2. Attach the Turning Mirror's base to the side of the Reflector's Mount that is recessed, as 
shown in Figure 11-3. 

3. Positi on the Reflector and its mounting hardware on the part of the machine that normally 
holds the workpiece , in line wit h the vertical axis to be measured . (See Figu re 11-4.) 

10772A 
TURNING 

MIRROR 

RETROREFLECTOR 
FROM 10776A 

STRAIGHTNESS 

ACCESSORY KIT ~~ ___ -'-_", 

10774A OR 1077SA 

INTERFEROMETER ____ ld ______ _ 
- - - """"" 

o 

RE CESSED 
StDE 

ORIENT SLOT TOWARO 
TURNING MIRROR 

o MOUNT 

Figure 11 -3. Interferometer alld Turning Mirror Mounfing 
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, 

~_ J 

figure 11·4. Posilioning the Optics 

4. Decide whether you are making a Vertica l or a Horizon tal Straightness mcasurement on this 
a)(is. and turn th~ Reflector so its slot is in the plane you want to measure, and the Turning 
Mirror is on the appropriate side of the Rcflector (see figure 11-5). 

If you are making a Straightness measurementln the plane perpendicular to the laser beam 
(Horizontal Straightness), orient the Straightness Reflector perpendicular to the laser beam 
with the Turning Mirror's base toward Ihe lase r Head. 

If you arc making a Straightness measuremen t in the plane parallel to the laser beam (Vertical 
Straightness), orient the Straightness Reflector parallel to the laser beam and with the 
Turning Mirror's base off \0 one side. 

As figure 11-5 shows, the Straightness Reflector's s101 should be as close as possible 10 the 
Turning Mirror. 
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Figure 11-5. Turning Mirror - Orientation 

5. Mount the Turning Mirror on its base, usinS its ca ptive screws, such that II will deflect the 
laser beam upward . 

6. Mount the Vertical Siraishtness Ki t's Straightness Retroreflector where the tool normally 
mounts, 35 shown In figure 11-3. 

Screw the Interferometer into the large Re lroreflector, usinS the two 3 mm flathead screws 
provided. 

7. Orient the Retrorefleclor so it overlaps thc Straightness Reflector and the Turning Mirror, 
but with the Interfero meter over the Straightness Reflector. 

Fasten the Re lrorcflcctor to the mach ine in such a way that the Interferometer is as square as 
possible to the Reflector and to the incoming beam. The Interferometer housing 's pitch 
limitations are .±2 degrees; its yaw and roillimit31ions are ±5 degrees. The pitch and yaw 
requirement s will be taken care of aUlOmalically by using the Straightness Rc lrorefleclor and 
an HP Post. 
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8. Position the Reflector and Turning Mirror relative to the Retroreflector and Interferometer, 
as follows-

a. Bring the Interferometer/ Relrorcfleclor assembly close enough to the Straightness 
Reflector to line up the Interferometer with the junction of the Reflector's mirrors. 

Also position the Interferometer in the other axis so its opening is positioned in the 
center of the Reflector's slot. (look straight down into the Reflector and make sure the 
Interferometer's opening is in the middle.) 

This is a very important step. If the Optics are not physically lined up at this point, 
aligning along the vertical travel axis will be impossible. 

Be sure this establishes the " near end of travel", i.e., that any later movement of the 
machine can only increase the distance between the Optics. 

b. Make sure the Reflector is square relative to the machine and to the Interferometer 
(within ±5 degrees), and then secure the RefiectorlTurning Mirror assembly to the 
machine. 

c. Make sure the Turning Mirror is square relative to the Reflector, and is nOl lilted 10 
either side. 

9. Switch 10 the large aperture on the Laser Head 's exit port, and set the turret ring to " OTHER ". 
(When aligning your set up it is good practice to work with the strongest possible beam, 
which this setting provides.). 

10. Visually align the laser Head as well as you can parallel to the machine's table, and position it 
to have the beam strike the center of the Turnins Mirror's opening. 

(Use the Interferometer's target or a piece of paper to help you to this.) 

11. Adjust the TurninlS Mirror's position with the small screws at its base until the laser beam 
goes throush the small alignment ring on the Reh oreflector, find passes through the 
Interferometer without being dipped. (See Figure 11 ·6. ) 

To do this -

a. Get the beam to go through the alignment ring. 

b. look at the side of the Interferometer facing the Relrorefiector, and adjust until you see 
no red reflection. 

12. Orient the Interferometer bezel 's scribed line 90 degrees to the Reftector's slotted opening. 
Two dots should appear on the Reflector's front surface unless the Optics are quite dose 
together. (See Figure 11-7. ) If so, insert a piece of paper acrOS5 the front of the Straightness 
Reflector to see the dOls. 

13. Move your machine (or sl ide the Turning Mirror/ Reflector assembly ) back and forth (or side­
to-side) untillhe laser beam hits the junction of the Reflector 's mirrors and is centered in the 
sloued opening. You will need to separate the Optics to about 75 mm (3 inches) for Short 
Range, or about 600 mm (2 feet) for long Range, in order to do this. 

If the Interferometer dips the beam after thi s adjustment. readjust the tilt of the Turning 
Mirror, using its small screws, and then try again to move the entire assembly so the two 
beams line up on the junction of the mirrors. 
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STR AIGHTNESS 
RETROAEFLECTOR __ ~""J 

ALIGN MENT 

~~~~----r-- RING o 
\/ 

INTERFEROMETER 

Figure 11-6. Alignmenl Ring on Straightness Retroreflecror 

Figure 11-7. Initial Pmifion;ng of Reflecfor 
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14. Swit ch the ex it port to the small apert ure and redo step " 13". 

15. Secure the Turning Mirr or/ Reflector Assembly to the machine, if you had to loosen it to do 
step " 13" and step "14". 

16. Go to the " Alignment Pr ocedure (for Hori zontal or Vertica l Axis)". 

Installing Optics For A Horizontal-Axis Measure me nt 
1. Assemble the Straightness Reflecto r and its mount as you would for a measurement along a 

Horizonta l ax is (see figure 10-4 ). 

NOTE 

If you will be making a Di stance or Angular measurement laler, 
establish a measurement axis at a height above the tabl e that will 
all ow easy interchang ing of the Opti cs. 

To do this, mount the Straigh tn ess Refl ector as low as possible o n 
its Base, wi thout covering up the hole in the Reflector Mount's 
post 

2. Posi tion the Reflector and its mounting hardware on the part of the machine that normally 
holds the workpiece, in line wi th and facing the spindle. 

3. Decide whethe r you are making it Vertica l or a Horizontal St rai ghtness measuremen t on thi s 
axis, and turn the Reflector so its slol is In the plane you want to measure. 

4. Mount the Vertica l St raightness Kit's Straightness Retrorefleclor where the too l normall y 
mounts, except orient it horizontall y instead of ve rticall y. (See f igure 11-8. ) 

Screw the Interferometer into the large Retrorefl ector, using the two 3 mm fl athead screws 
provided. 

y 

tcz 
X 

STRAIGHTNESS 

STRAIGHTNESS 
REFlECTOR 

STRAIGHTNESS 
RETAOREFLECTOR 

figure 1"/-8. Straighlness Measurements on a Horizonta l Z-Axis 
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5. Orient the Retroreflector 50 the Interferometer lines up with the center of the Reflector's 
slotted opening and the top half of the Retroreflector is exposed to the laser beam that will 
come from the o ther side o f the Straightness Reflector. 

Fasten the Relroreflector to the machine in such a way that the Interferometer is as square as 
possible 10 the RefleclOr and to the incoming beam. The Interferometer housing's pilch 
limitations are ±2 degrees; its yaw and roll limitations arc ±5 de.grees. The pit ch and yaw 
requirements wi ll be taken care of aUlOrnatically by using the Straightness Relroreflector and 
an HP Post. 

6. Position the Reflector relative to the Relrorcflector and Interferometer. 

Bring the Interferometer/ Retroreflector assembly close enough to the Straightness Reflector 
to line up the Interfero meter with the junction of the Reflector 's mirrors. 

Also position the Interferometer in the other axis so its opening is positioned in the center of 
the Reflector's slot. (look straight into the Reflector and make sure the Interferometer's 
opening is in the midd le. ) 

This is a very important step. If the Opti cs are not physically lined up at thiS point, aligning 
along the travel axis will be imposs ible. 

Be sure thi s establishes the "near end of travel", i.e., that any later movement of the machine 
can only increase the distance between the Opti cs. 

7. Make sure the Reflector is square relative to the machine and to the Interferometer (within 
±5 degrees). and then secure the Reflector to the machine. 

8. Switch to the large aperture on the laser Head's exit port, and set the turret rin g to "OTHER". 
(When aligning your sel up it is good practice to work with the strongest possible beam, 
which this selling provides. ). 

9. Visual ly align the Laser Head as well as you can pa rallel 10 the machine's table, and posi tion it 
to have the beam go over the St raightness Reflector and through Ihe Relroreflector's 
Alignment ring. (See Figure 11-6. ) 

10. Orient the Interferometer bezel 's scribed line 90 degrees to the Reflector's slotted opening. 
Two dots should appear on the Reflector's fronl surface unless the Opti cs are quite close 
together. (See Figure 10-6.) If so, insert a piece o f paper across the front of the Straightn ess 
Reflector to see the dots. 

11. Further adjust the Refl ector 's position until the two dots are directly in line with the junction 
of the Reflector's mirrors and are also symmetri cal about its slol1ed opening. 

12. Secure the Reflector assembly to the rnachine, if you had to move it in step " 11 ". 
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Alignment Procedure (For Horizontal Or Ve rtical Axis) 

1. Select the exit port's large aperture. 

2. You are now ready to align the Laser to the machine's travel. 

Review the " GUNSIGHT" method of alignment in Section 15 of this User's Guide. 

Your goal is to adjust the laser Head to track the Optic's progressio n along the travel path . 
while maintaining the beam's near-end-of-travel position. You will do this by -

• Keeping the beam in the ring on the Relroreflector , to maintain the beam's near­
end-of travel position, and '-

• Keeping a two-dot pattern in line with the junction of the Reflector's mirrors, and 
symmetrical about its slotted opening, to match the Optic's travel. 

This will be a little different than aligning for Distance and Angular measurements, since with 
these alignments you were only wat ching one dot relative to a target crosshair. 

3. Move the Optics to the far end of travel. 

4. Rotate the laser Head vertically and horizontally to keep the two daiS lined up on the junc­
tion of the Reflector's mirrors, and symmetrical about its slotted opening. (See Figure 11-9.) 

Since the dots will move apart as the Optics move, you may have to hold a card on each side of 
the Reflector's slot to follow their movement. 

Figure 11-9. Two DaIS on Ihe Reflector 
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5. Translale the Laser Head vertica ll y and horizontally to keep the Laser beam from being 
cl ipped by the alignmen t rin g o n the Strai ghtness Retroreflector. 

Check thi s by making sure you can' t see the beam on the Interferometer surface th at fa ces 
the Relroref lector. 

Any translation of the Laser Head will cause the two dots to move from their position on the 
Reflector, so you w ill again have to rOlate and tran slate the Laser Head (i.e. , repeat step " 4" 
and step "5" severa l times) before you are done. 

You are finished with this procedure when the beam goes through the Interferometer 
withou t being clipped, and the two dots are symmetri ca l about th e Reflector's slotted 
opening and in line w ith the junction of its mirrors. (See Figure 11-9. ) 

Final Adjustments (After Aligning) 

1. Turn the Laser Head's turret rin g to "OTHER ", if it is not already there. 

2. Select the Exit port's small aperture. 

3. Watch the front of the Laser Head as you tu rn the Interferometer's bezel to bring the scribed 
line parallel to the Strai ghtness Ref lecto r's slot. 

You should see two dots cross close to the Laser Head's ex it port. If you ca r, ' t see these 
dots -

a. Cut a hole in the middle of a piece of paper. 

b. Hold thi s paper between the Interferometer and the Ref lector , but doser to the 
Interferometer. You should see either one dot or two dosely spaced daiS on the piece o f 
paper. Be ca refu l not to b lock the bea m going from the Turning Mirror to the 
Retro reflector (verti cal axis o nly). 

c. Adjust the Reflector Mount 's micrometers until the dot (s) disappear into the Int er­
ferometer. 

d. Remove the paper and look at the Laser Head. You shou ld now see two dots on the front 
of the Laser Head. 

Turn the bezel until the dots overlap. 

4. Adjust the Ref lector Mount's micrometers until the overlapping dots arc centered on the exit 
port, and " halo" the small aperture. 

5. Set Ihe Laser Head's turret rin g to "STRAIGHT", 

6. Select the Laser Head ex it port's large aperture. 

7. Turn Ihe bezel slighll y until the Laser Head's "SIGNAL" lighl comes on and the BEAM 
STRENGTH meter ind ica tion is in Ihe green area. 

NOTE 

Only a slight ad justment of the beze l is necessa ry to do this. 
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8. Furt her adjust the Reflector Moun t's micrometers until the BEAM STRENGTH meter 
indication is at a maximum. 

Checking Alignment for Beam Strength 

Move the machine over its full travel range , making sure that BEAM STRENGTH is adequate (in 
the green area ) at all posi tions . 

If beam strength decreases at any poin t,-

a. Check for dipping of the beam by the Optics. Reposition the Optics, if necessary, and 
then re-check. 

b. If you see part of the return beam on the edge of the Exit (top ) port, rotate the laser Head 
until the return beam disappears. 

If this didn 't correct the "reduced beam strength" problem, refer to the " MANUAL 
REMOVAL OF SLOPE" informat ion below. 

NOTE 

If the BEAM STRENGTH indication never reaches the right-hand 
half of the meter's range, al any point along the Optics' fu ll travel 
distan ce. you r Optics may need cleaning. Thorough ly dean all 
optica l surfaces, as described in Section 20 of this User's Guide. 

Checking for Mis-Alignment Between the Reflector's Reference 
Bisector and the Optics Travel Path ("Slope") 

1. Press the Measurement Display un it's " LONG" or "SHORT" STRAIGHTNESS key corres­
ponding to the length of your measurelllent. 

2. Press the RESET key. 

3. Again, move the machine over il s full travel range, this time checking the Measurement 
Display uni l lO see if there is a steady change in the number displayed, rather than either a 
random scattering of numbers or a consta nt number. 

A steady change of numbers indicates misalignment be tween the ma chine's travel ax is and 
the laser beam. This error is called "s lope", and you must remove it - either man ually or 
automa tically (using a Calculator). See "WHAT AFFECTS ACCURACY?" information, below. 

Manual Removal of Slope 

Description 

1. AI the far end of travel (Le., Optics are as far apart as possible), you will til t the Straightness 
Reflector to change the displayed measurement value to a newly-calcu lated va lue "VN". 

Tilting the Reflector in this way moves its reference bisedor toward the Oplic's travel path (see 
Figure 11-10 ). 
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2. At the near end of travel (i.e. , Optics are dose together), you williransiale the Straightn ess 
Interferometer (or the Reflector) 50 the displayed value is "zero" ilt lhis point. (See Figure 11-
'10,) 

Moving the Interferometer in this way Hnes up the Reflector's reference bisector with the 
cen ter of the Straightncss Interferometer. 

3. No adjustment wil l be made 10 the Laser Head unless the adjustments described In step "1" and 
step "2" above cause the BEAM STRENGTH indicator to move into the "red" region. If this 
h"ppens, you shou ld rotate the laser head until there is enough bearn strength , while 
translating the laser Head to keep the beam centered in the Interferometer. 

In making any adjusllnenllo the laser head, keep in mind that the Straightness Optics appear as 
a plane mirror relative to the l aser I-lead. That is why you should rotate the Laser Head to 
increase beam strength . 

Procedure 

1. Reset the Measurement Display wi th the OptiCS at the ncar end of Iravel. 

2. Move the machine (and Optics) to the far end of trave l and note the slope measurement on the 
Measurement Displa y. 

3. Adjust the micrometer that controls motion In the plane of the Straightness Reflector's 510110 
cause the displayed number to change to the value calculated below -

where -

x Vo 

VN = Ihe New Value 

DNE - Distance between Optics at Near End posi tion 

DFE - Distance traveled by moving Optic to Fa r End posi tion 

Vo "" the Old Va lue ("slope") 

~
or example, suppose the near-end spacing of the Optics (HNEn) is 100 mm ~ 

inches l, and the distance traveled by the moving Opl ic to the far-end spaci~g I 
("FE") is 600 mm {24 inchesl. Additionally, suppose that Ihe measured slope at the 

I 
far end is 0.0500 mm (0'(x)197 inch ). I 
You should adjust the Reflector's tilt until the displayed va lue changes 10 -

L -: ~~ X 0.05 mm = -O'(X)83 min (-O-lXX>32 inch) ____ ~ 

If you start losing too much beam strength, and -

a. If you see any part of the return beam striking the front of the laser Head (around the exit 
port ), rotate the laser Head until the return beam disappears into the port. 

b. If you see any part of the l aser beam striking any part of the Interferometer (other than the 
glass ), transl.:IIe the laser Head until the beam strikes only the glass. 

Remember thai rotali ng or transtating the laser Head will not change the numbers in the 
display. 
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4. Reset the Measurement Display, and return the machine to the near end of travel. 

5. At the near end of travel, move the Interferometer or the Reflector in a direction parallel with 
the slotted opening in the Reflector until the Measurement Display reads zero. 

If beam strength again gets too low, turn the Laser Head 10 regain adequate beam strength, and 
translate the Laser Head to prevent clipping of the beam by Ihe Interferometer. 

6. Repeat step " 1" through step " 5" as often as necessary to make measurementS at both ends of 
travel come out to be " zero" . 

Other Mounting Requirements 

Although we have tried to provide you with a maximum of mounting flexibility , there may be 
situations when you need more capability. For more information, you should turn to Appendix C 
for dimensions of the Optics and the mounting hardware. 

MEASUREMENT DISPLAY SETTINGS 

NOTE 

Measurement Display settings are the same with or without 
sensors. 

Measurement Mode Keys 

STRAI GHTNESS 

00 
Press the key corresponding to the length of the measurement -

Use LONG for 1 metre to 30 metres (3 feet to 100 feet) 

LONG SHORT Use SHORT for 100 nun to 3 metre (4 in. to 10 feet) 

Set-Up Keys 

NOTES 

1. To enter a va lue for any keys-

a. Use the ENTRY keys to specify the numeric va lue, 

b. Press Ihe key 10 assign the value to that key. 

2. To check the cu rren t status of any of these keys, Just press the 
key. Then press the key again, to return to the mode you se­
lected earlier . 

3. More information about each key is available in Section 16 
of this User's Guide. 



r.;;;;J 
~ 

(REsOL) 

t REsEJ 

Model 5528A 
Straightness Measurements 

Determine which direction of mOl ion you wan! to be " positive" or " negati ve", 
by pressi ng slightly on the StrOlightness Interferometer and pressins this bU ll on if 
the direction you pushed ca used th e "wrong" 5i811 for the readi r,g. Remember 
that opposi te perpendicular motio ns for the Interferometer and the Reflector 
resu lt in readings with the same sig n. 

Oetermine the resolution you need from the accuracy you want. En ter the 
number of places you want, and then press this key . 

For a Shan Straightness measu rement . resolution c)( lends 10 fi ve places (0.00001 ) 
for millimctres, and to she places (0.000001 ) for inches . 

For a long Straightness measurement, resolution ex tends to four places (0.0001 ) 
for mi llimetres, and to five places (0,00001) for inches. 

This key also allows you to "smooth " you r data by entering a positive number. A 
neHative resolut ion number will remove any smoothing . Smoothing reduces the 
effeclS of vibration . 

In this measurement mode, this key multiplies the measured value by a preset 
(stored) va lue. The multiplier value is " 1", unless you have entered some other 
va lue (o ther than "0" ). 

You must enter a ca libration fa ctor for the parti cular Straightness Reflector you 
are using. You wil l find the calibra tio n number you need on the label without the 
serial r,umber on the si de of the Straightness Interferomet er, Enter this number 
("x.xx" ), using the ENTRY keys to specify the numeric va lue, and then pressing 
PRESET. 

NOTE 

If you are using a Straightness Refl ecto r from the HP 5526A 
System, enter the reciprocal of the calibration nu mber you find 
on the Reflector (i.e ., " l /(cal nbr" )}. 

MAKING A MEASUREMENT 

System Checks 

1, Make sure the l aser Head 's Exit port is SWitched to its large aperture. 

2. The laser Head turret must be se l 10 "STRAIGHT". 

3. The laser Head 's READY indicator must be lighted steadily (Le., not blinking ). 

4. Make sure you arc properly interfaced with o ther instruments as needed to record your data. 

a. If you record your data manually, no interfacing is necessary. 

b. If you wan t to record you r data automatically, but you aren ' t using the HP Dimensional 
Metrology Analysis System or another HP-IB controller, you must have an HP-IB 
compatible printer connected to the Measurement Disp lay unit , via the reilr panel HP- I B 
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connector. You must also make sure Ihe Measurement Display is set-up to output to a 
printer via HP-IB. See Set;:tion 16and follow the instructions for " Data Transfer without an 
HP-IB Controller". 

c. For formatted automatic records, you shou ld have the HP Dimensional Metrology 
Analysis System or an HP-IB con troller wi th your own programs to make it work with the 
Laser Measurement System. The HP Analysis System comes with an HP Personal 
Computer and programs to make it work with Ihe laser Measurement System. The 
operating manual for Ihe Analysis System will explain how 10 use it. In either case, you 
must first make sure the Measurement Display is sel-up to accept a controller via HP-IB. 
See Section 18 and follow the instructions for "Data Transfer with an HP-IB Controller ". 

Procedures 

Two different measurement methods are available. You can have your system make measure­
ments -

• only at poinls you specify, or -

• automatically, at the time interval you specify , without regard to the location of the 
Optics. 

Measurements at Specific Physical Locations 

To have your laser Measurement Syslem make measurements only al specific physical lo­
cations -

1. Push the RESET key. (You can also RESET from the Remote Conlrol Unit.) 

2. Move one of the optics a predetermined distance. 

3. Press the RECORD bulton on Ihe Remote Control Unit connected to the Measurement 
Display. One measurement is made each time you press this button. 

Measurements at Specified Time Intervals 

To have your laser Measurement System make measurements at spet:ific time intervals (i.e., "on­
the-fly") -

1. Push the RESET key. (You can also RESET from the Remote Control Unit. ) 

2. Enter the time Interval you want between measurements (O.OS to 12 seconds). 

3. Press the AUTO RECORD key. This will starl the automatic taking of data. (See Section 16 for 
more information about using this key. I 

4. Move one optic along the full measurement path. A measurement is made automatically every 
so many seconds until you press the AUTO RECORD key again . 

5. Press the AUTO RECORD key when the end of travel is reached. This will turn off thc AUTO 
RECORD mode, ar,d end Ihe recording of measurements. 
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NOTES 

• Make sure the frequency at which you want to take measure­
ments isn 't greater than the rate at which the Measurement 
Display unit can update measurements (or the reso lution you 
have requestcd. (The update rate decreases as reso lution in­
creases ). If you exceed the update rate for a given resolution, 
" Sr Error" wilt be disp layed. Update rates are provided in the 
Laser Measurement System's Service Manual. 

• If an HP Personal Compu tcr o r an HP-IB Printer is not connected 
to the Measurement Display un i t, pressing RECORD or 
AUTO RECORD witt cause the message " Lr Error" to be dis­
played. 

WHAT AFFECTS ACCURACY? 

Potential Straightness meaSllrement er ro rs are unlike those for either Distance or Angu lar 
measurements. 

Laser System Error Sources 

Error sources within the Laser M easurement System are -

a. Straightness Reflector mirrors. 

b. Mis-a lignment between the machine's travel axi s and the laser Measurement axis 
("slope" ). 

c. Environment (e.g., machine and atmosphere) . 

Straightness Reflector Mirrors 

Description 

The limiting accuracy o f a Straightness measurement is directl y related to the accuracy of the mirror 
calibration factor and 10 the difference in flatness of the two plane mirrors that serve as the 
Straigh tness Refl ector. V.O.l. error is neg ligible compared to the overall measurement accuracy. 

For example, suppose one of the mirrors is flat , but the o ther is convex by a small amount ("C"), 
as shown in Figure 10-11 . Even if the Stra ightness Interferometer were to travel a straight path with 
respect to the Mirror's axis, the optical path leng th of fl would be shortened by an amount equal to 
"c" with respect to the opti cal pa th of f2, and Ihis wou ld be interpreted by the Interferometer 
as "out-of-strai ghtness" in the Interferometer's travel. 

Straightness accuracy limitations resulting from the Reflector 's mirrors are given under "OPTICAL 
STRAIGHTEDGE ACCURACY", in the "OPERATING SPECIFICATIONS" at the beginning of this 
User 's Guide Sect ion. 

Minimizing Effects 

You can't improve the accuracy of a vertical Strai ghtness measurement by rotating the Straightness 
Reflector 180 degrees, as you can with Straightness measurements along a horizontal axis (see 
Sect ion 10). 
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In order to get the correct spacing between the Turning Mirror and the Reflector for a Straightness 
measurement along a vertical axis, you must assemble the Reflector In its mount with the sloned 
opening away from the screws labelled " , " in Figure 11·2. Because of this. the Reftector ca n't be 
rotated around the junction of its mirrors to provide a measurement with its mirrors rotatcd 180 
degrees. 

Misalignment Between Machine Travel and the Laser Measurement 
Axis (Slope) 

Description 

This does no t cause a cosine error, as it did in Distance measurements. Instead . misa lignment causes 
a slope to be measured , since the straightn ess reflector is not directing its reference bisector along a 
path parallel to the axis of travel. (Sec Figure 10-12.) 

Minimizing Effects 

The three ways 10 removc slope from the Straightness data are -

1. Automatic Calcu lator reduction and plot of data. 

2. Manual mathematic reduction and plot of data . 

3. Manually aligning th e slope o ut with a zero-end-point-fi!. 

Manua l alignment may be necessary if the slope becomes great enough 10 reset the 
Measurement Di splay before the end of travel is reached, or if a subsequent squarencss 
measu rement is to be made. 

If you have the HP Dimensional Metrology Anal ysi5 System (DMAS), you will want to use method 
"1" above. and automaticall y remove slope. If you don 't have the DMAS, you wi ll have to use 
method 2 o r me thod 3, 

Method 2 is done by ca lculating either a 7.ero-end · point or a leas t-squares best line fit through 
the data points, ar,d subtracting the slope at each co mmand posi tion , Section 21 describes how 10 

do this. 

Method 3 is described in detai l in thc " INSTALLATION AND ALIGNMENT OF OPTICS" parI of 
thiS User's Guide Section, 

Environmental Errors 

Description 

As with an y accurate measu remen t, and in particular with all laser System mcasurements, the 
environmen t plays a very imporlant role, 

Environmental errors co me from -

1, Thermal expansion of the ma chine o r pari. 

2, Machine vibration, 
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3. Air turbulence. 

A Straightness measuremcnt is especiall y susceptible to environmemal effects. It is impossible to 
quantitatively determine how these environmental characteristiCS wil l affect thc measurement, 
although it is sometimes possible to identify when they are having an effect. 

Excessive vibration and/ or air turbulence can be identified by -

1. Random drifting of the measurement results when the Optics arc al rest. 

2. Drifting increasing as the distance between the Optics increases. 

The effects of vibra tion ciln be further identified if the dri fting of the measurement stops when 
the machine is turned off, or by exceeding the slew rate during thc measurement (disruptins the 
measurement ). 

Minimizing Effects 

1. Thermal expansion of the machine or Optics. 

These effects can be minimized by lelling the machine and Opti cs reach thermal equilibrium 
before making a measurement. 

2. Machine Vibrations. 

a. Adequate fixluring is the main way to reduce the effects of vibration . 

Make sure the Straightness Refl ector's Base is securely fastened to the table, and thallhe 
Post is securely fastened to the base on one end and the Reflector on the other. 

Avoid long extensions. 

b. Vibrational effects can also be reduced by -

• Averaging success ive runs o r averasing successive averages. 

• More accurate manual slope removal. 

• Reduced feed rates. 

• Pads under the reflector 's base as a lasl resort in high-vibration, low-accuracy work. 

3. Air Turbulence 

Air IUrbulence is caused by temperature differences in the air. To remove these differences, 
you should remove their sources (e.g., open doors, lamps, exhaust fans, motors, etc. ), 
Alternatively, you should mix Ihe air thoroughl y along the measurement pat h, using a large 
fan . If you can redu ce the sources of temperature differences and mix the measurement path 
air, you' ll be even better off. 
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SECTION 12 
SQUARENESS MEASUREMENTS 

(IN A HORIZONTAL PLANE) 

INTRODUCTION 
OPERATING SPECIFICATIONS 
HARDWA RE REQU IRED 
REFERENCE MATERIAL 
f iRST-AXIS MEASUREMENT 
SECOND-AXIS MEASUREMENT 
WHAT AFFECTS ACCURACY? 

INTRODUCTION 

A "Squareness" measuremenl consists of two Straightncss measuremen ts, perpendicu lar to each 
o ther, made with a fixed Straightness Re flector. This is typically done by first making a horizontal 
Suaightness measurement along one axis using an Optical Square, then removing the Optical 
Square, moving the l aser Head, and making a horizontal Straightncss measurement alo ng the 
second axis. This process is diagrammed in Figure 12-1. 

This sect ion is o rga nized to provide instru ctions for each aIds you shou ld measure to compute a 
"Squareness" . Separate procedures aTC provided for the "first-ax is" measurement and the 
"second-axis" measurement. 

NOTE 

There arc bot h a Stra ightncss Refl ector and a Straightness 
Rctroreflector. In this User's Gu ide Section . wc wil l try to always 
type " Relroreflector" like this, wi th Ihe " Rel ro" in bold type, to 
em phasize when that is th e o ne that is to be used. 

OPERATING SPECIFICATIONS 

ACCUR AC V 
Sho rt Range Optks : 

Metric Units Mode: ±(O.5 + 0.1 M) arc-sec ..t l'X, of 0 
English Units Mode: ±(0.5 + 0.03 Fl arc-sec .! 1% of 0 

Long Range Optics : 
Metric Units Mode : ±(0.5 + 0.Q1 Ml ilK-sec .·2.5':%', of (J 

English Units Mode : i (O.5 + 0.003 F) tlrc-sec ! 2.59(, of 0 
where: 

o ;;; ca lculated out-of-squareness <Ingle in arc-sec 
M =- distance of Iravel of the moving optic in metres 
F =- distance of travel of the moving optic in feet 
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( START ) 
'----

Horizontal Straightness Measurement, along one axis. using an Optical Square 

t 
Remove Optical Square, Move Laser Head, Don't move Straightness Reflector 

Horizontal Straightness Measurement , Along Second Axis 

t 
Compare Resu lts; Compute Squareness 

t 
(,-_=-E":=.D _ _ ) 

Figure 12-1. Straightness Mea.wremenf - Flow Diagram 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using the La ser Measurement System 
(see Figure 4-1 ), any horizonta l Squareness measurement requires the hardware shown in 
Figure 12-2. Thi s hardware is the same as that required for a Straightness measurement, plus an 
Optical Square and its M ount. 

If you are measuring a machine with a horizontally oriented spindle you will also need a 
St raightness Rctroreflector. 
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REFERENCE MATERIAL 

Physica l Setup o f the laser Head and Tripod Sect ion 4 

Interconnections, Turn-on ............................... . .. • .• ....... Section 5 

Straightness Measurements (Horizontal Axis) ............................ Section 10 

Straightness Measurements (Using the Straightness Retroreflector) ......... Section 11 

Alignment Techniques .............. . .............................. ... Section 15 

FIRST-AXIS MEASUREMENT (Using an Optical Square) 

The first -:lxis measurement Is :I horizonta l Straightness measurement along a horizonta l axis using 
an Optica l Square. (See Figure 12-3. ) This axis should be perpendicu larto the Straightness Reflector. 

The instructions presented in this User's Guide Section (Section 12) will high light the additional 
things you need to know (beyond the information presented in Section 10 and in Section 11 ) in 
order to make this Squareness measurement. 

Installation and Alignment of Optics 

Important Considerations 

1. See " Imporlant Considerations" in bot h Section 10 and Scclion 11. 

2. Try to manually remove as much slope as possib le once you are aligned. This will make your 
second axis alignment much easier. 

3. I f you can move the Interferometer along one of the axC5 , it may be possible for you to make 
both Straightness measurements from one laser Head posi tion. One StraightnC5s measure­
ment would be made with the Interferometer between the St raigh tness Reflector and the 
Optical Square, and the second measurement is made with the Interferometer between the 
Optica l Square and the laser head. To do this, make you r fi rst axis be the axis that the 
Interferometer can't travel along. 

Description 

For the measurement of the first axis you will install and align the Optics in th ree distinct steps. 
First . you wi ll insta ll the Optical Square, the Interferometer, ilnd the Retroreflector (if required ) 
and align the laser Head to the path trave led by the Interferometer and the Opticil l Square. 
Second, you will insta ll the Straightness Re flector. Third, you will make fina l adjustments to the 
tilt of the Reflector to maximize BeC1m St rength. 

1. Insta llation and Alignment of the Interferometer and the Optical Square. 

The procedures below arc sim ilar to those found in Section 10 and Section 11 of thiS User's 
Guide, except that the Straightness Reflector is rep laced with the Optica l Square. 
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ON MACHINES 
WITH HORIZONTAL 
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Figure 12-3. Firsl-axis Positioning of Optics (Cofllinued) 
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NOTE 

There are two separ,lIe procedures for this step, depending on 
whether your machine's spindle (toolho lder) is oriented ver­
tically or hori zontally. 

2. Installation of the St rai ghtness Reflector 

After the Optical Square and the Interferometer have been installed and aligned you will use 
the Laser beam to position the Reflector. 

3. Final Adjustments 

You will use a special technique to adjust the Reflector to bring the beams back to the l aser 
Head and prov ide sufficient beam strength. 

Installation and Alignment of Interferometer and Optical Square 

For A Machine Wilh A Ve rlical Spindle 

NOTE 

A machine with a vertical spindle shou ld have space behind the 
spindle to mount either the Strai ghtness Reflector or the Optical 
Square. 

1. Attach fhe Opti ca l Square to its Mount (See Figure 12-4) and orient it on its side so its slots are 
parallel to the machine's tabl e. 

2. Identify the axes you are going to measure to make your Squareness measurcmenl. Identify 
which axis will be your first measurement ax is and whi ch will be your second. Try to maximize 
travel paths for each ax is. (The Optical Square is fairly large and will short en theaxis it is used 
to measure. ) 

3. Pos ition the Optical Square at the apex of your square with each of its slo ts facing one 
measurement ax is. 

This should be out in front or to the side o f the machine since your second measurement will 
be made w ithout the Optical Square and will require a strai ght line from the laser Head, 
th rough the Interferometer, and into the Reflector. 

4. Attach the Strai ghtness I nterferometer to its mounting hardware (see Figure 10-3), and to the 
machine 's spindle, by -

• attaching the Height Adjuster to a Post as you would for table mo unting, or 

• screwing its base directly into the post, or -

• screwing the Post into the Height Adjuster after remov ing the large knu rl ed kn ob. 
This la11er arrangement may make it easier to change to Distance and Angular 
Optics. 

12-7 
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Figure 12-4. M ounting of Oplical Square 

5. Position the Straightness Interferometer relative to the Optical Square. 

• Bring the Interferometer close enough to the Optica l Square to line up the 
I nterferometer with the center of the Optical Square's slot. Be sure it is centered in 
both axes i up-and-down, and side-to-side). 

• This is a very important step. If the Opti cs are not physically lined up at this point, 
aligning along the travel axis will be impossible. 

• Be sure this establishes the " near end of travel", I.e., that any later movement of the 
machine can only increase the distance between the Opti cs. 
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6. Secure the Interferometer to the machine in such a way that the Interferometer is as square as 
possible relative to the incoming beam. The Interferometer housing's pitch limitations are ±2 
degrees; its yaw and roll limitations are ±5 degrees. The pitch requirement will be taken care 
of automatically by using the mounting hardware li sted above. 

7. Make sure the Optical Square is fairly square relative to the machine and to the 
I nterferometer, and then secure it to the machine. 

8. Select the small opening for the laser Head's exit pan, and set the turret ring to "OTHER ". 
(When aligning your setup, it is good practi ce to work with the st ro ngest possible beam, 
which this selling provides. ) 

9. Attach the target to the Straightness Interferometer. This tar get is included with the Optics. 

The target should be attached to the Strai ghtness Interferometer opening that is directed 
toward the Laser Head. 

Make sure the target is posi ti oned as closely as poss ible relative to the edges of the Optic. Usc 
your fingers to match edges. 

10. Visually align the Laser Head as well as you can para llcl to the direct ion o f travel and position 
it so it s beam enters via the hole in the middle of the Interferometer's target. 

Use "Autoreflection" to help you do this o nce you become proficient at laser System 
measurements. 

11. Rotate the Interferometer's bezel until the bezel's scribe line is oriented 90 degrees to the 
Optical Square's slot. Two beams should now come out of the Interferometer, in a plane 
perpendicular 10 the Optical Square's slol. 

12. Looking at the Optical Square's slot that faces the Interferometer . move the Optical Square 
or the Interferomet er until the two dots arc in line with the scribed line in the center of the 
Optical Square's slot and symmet ri ca l within the opening {see Figure 12-5). 

Make sure the beam still goes throu gh the Interferometer's target ho le. 

If il is too difficult doing This with The small-aperture beam and the Interferometer target, do it 
first using a full beam and no target. 

Figure 12-5. Initial posiUoning of the Optical Square. 
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13. Re-secure the Opti ca l Square assembly to the machine, if you had to move it in step " 12". 

14. You are now ready to align the laser to the Interferometer's or Optical Square's navel. 

Review the "GUNSIGHT" method of alignment in Section 15 of this User's Guide. 

Your goal is to adjust the l aser Head to track the Optic's progression along the travel path, 
while maintaining the beam's near-end-of-travel position. You will do this by -

• Keeping the beam in the small hole on the Interferometer target, to maintain the 
beam's near-end-of- travel position, and -

• Keeping a two-do t pattern in line with the line at Ihe center of the Optical Square's 
slot , and symmetrical about 115 opening, to match the Optic's t ravel. 

This will be a little different than aligning for Distance and Angu lar measurements, 
since with these alignments you were only watching one dot relative to a ta rget 
crosshair. 

15. Move the Optics to the far end of travel. Be sure the target is in place on the Interferometer 
and the small aperture is se lected for the laser Head 's exit port. 

16. Rotate the laser Head, vertically and horizontally, to keep the Iwo dots lined up on the 
scribed line al the cenler of the Optical Square's slot. and symmetrical about its opening (see 
Figure 12-6). 

Since the dots will move apart as the Optics move, you may have to hold a card on each side of 
the Optica l Square's slot to follow their movement. 

17. Translate the laser Head, hori zontal ly and vertically, to keep the beam from being dipped by 
the small hole in the Interferometer target. 

Any trans lation of the laser '-l ead will cause the two dOls to move from their position on the 
Optical Square, so you will again have to rOlate and translate the l aser Head (i.e., repeat 
step " 16" and slep " 17") severa l l imes before you are finished. 

You are finished with this procedure when the beam goes th rough the Interferometer target 
and the two dots are symmetrical about the Optical Square's slot and in line with the scribed 
line at the center of the slot. (See Figure 12-6.) 

Figure 12-6. Two Dots on the Optical Square 
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18. Now go to the " PROCEDURE FOR INSTALLING THE STRAIGHTNESS REFLECTOR", below. 

For A M achine w ith A Horizontal Spindle 

NOTE 

A machine with a horizontal spindle wil l not have space behind 
the spindle to mount either the Strai ghtness Reflector or the 
Optica l Square. For these machines, you will have to use a 
Straightness Relroreflector to reverse the Lase r Beam. 

1. Attach the Optical Square to its M o unt (See Figure 12-4) and or ient it on its side so its slots are 
parallel to the machine's table. 

2. Identify the axes you are soing to measure to make your Squareness measuremenl. Identify 
which axis will be your first measu rement axis and which will be your second. Try to maximize 
travel paths for each axis. (The Optica l Square is fairl y large and will shorten theaxis it is used 
to measure.) 

3. PosH ion the Opti ca l Square at the apex of your square with each of its slots facing o ne 
measurement axi s. 

This should be out in front or to the side o f the machine since your second measurement wil l 
be made without the Optical Square and will require a Slraight line from the Laser Head, 
throu gh the Interferometer, and into the Refl ecto r. 

4. M ount the Vertica l St rai ghtness Kit's Straightness Retrorefl ecto r where the too l normally 
mounts, excepl orient it horizontal1y instead of vertically . (See Figure 12-7.) 

Screw the Interferomete r inlo the large Relroreflector, using the two 3 mm flathead screws 
provided. 

5, Orient the Retroreflector so the Interferometer lines up with the center of the Op tical 
Square's slot open ing and the top half o f the Relroreflector is exposed to the laser beam that 
wil l corne from the o ther side of the Optical Square. 

Fasten the Relroreflector to the machine in such a way that the Interferometer is as square as 
possible to the Reflector and to the incoming beam. The Interfero meter housing's pitch 
limitations jl re ± 2 degrees; its yaw and roll limitations are ± 5 degrees. The pitch and yaw 
requiremen ts will be taken ca re of automatically by using the Straightness Retrorefl ector and 
an HP Post. 

6. Position the Optical Square re lative to the Relroreflector and Interferomete r. 

• Be sure thi s establishes the " near end of travel", i.e., that any later movement of I he 
machine can only increase the distance between the Optics. 

• Bring the Interferometer/ Ret roreflector assembly close enough to the Optical 
Square to line up the Interfero meter with the ce lller of the Optical Square's sial. Be 
sure it is centered in both axes (up-and-down and side-to-side ). 

• This is a very important step. H the Optics are no t physicall y l ined up at this point , 
aligning along the trave l axis will be impossible. 
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Figure 12-7. Squarelless Measuremeflf on a Horizon/al Z-axis 

7. Make sure the Opti ca l Square is fairly square relative to the machine and to the Interfe r­
ometer, and then secure it to the machine. 

8. Switch to the large aperture on the laser Head's ex it port, and set the turret ring to " OTHER ". 
(Whcr, al igning your set up it is good practi ce to work with the strongest possib le beam, 
which this setting provides.) 

9. VisuaJJy align the laser Head as well as you can parallel to the machine's table, and position it 
to have the beam go over the Optical Square and through the Relroreflcctor's Alignment 
ring . (See Figure 12-8.) 

NOTE 

Once you become familiar with alignment principles, you may 
want to do this using " AUTOREFlECTION" techniques . 

10. Orient the In terfero meter bezel's scribed line 90 de8rees to the Optica l Square's slotted 
opening. Two dots should appear on the Optical Square's front surface unless the Optics are 
quite close together. If so. ioser! a piece of paper across the front of the Optical Square to see 
the do ts. 

11. Further adjust the Optical Square's position , if necessary, until the two dots are directly in line 
with the scribed line at the cen ter of the Optical Square's slot and are also symmetrical within 
its opening. (See Figure 12-5.) 
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Figure 12-8. Alignmenr Ring on Srraightness Retrorefleclor 

12. Rc-5ecure the Optical Square assembly 10 the machine, if you had to move it in step " 11 ". 

13. Seleci Ihe ex it pori's I,ugc aperture. 

14. You are now ready to align the laser to the mach ine's travel. 

Review the "CUNSIGHT" method of alignment in Section 15 of this User's GUide. 

Your goal is 10 adju st the lase r Head to track the Optic's progression along the travel path , 
while maintaining the beam's near-end-o f-travel posi tion. You wi ll do this by -

• Keeping the beam in the Alignment ring on the Retroreflcctor, to maintain the 
beam's ncar-end-of travel position, and -

• Keeping a two-dol pallern in line with the center of the Optical Square'!'. sial , and 
symmetrica l about it, to match the Optic's travel. 

This will be a liule different than aligning for Distance and Angular measurements, 
since with Ihese alignments you were only watching one dOl relative to a target 
cross hair. 

15. Move the Inlcrferomeler or the Optical Square to the far end of tra ve l. 

16. Rolale the laser HCild ve rt ica ll y and horizontally to keep the two dots l ined up on Ihe scribed 
line al the center of lhe Optical Square's 5101 and symmelrical about this opening. (See 
Figure 12-6.) 

Since the dots will move aparl as the Optics move, you may have to hold a ca rd on each side of 
the Optical Square 's slot to follow their movement. 
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17. Translate the laser Head vertically and horizontally to keep the laser beam from being 
clipped by the alignment ring on the Slraightness Relroreflector. 

Check this by making sure you can't see the beam on the Interferometer surface Ihal fa ces 
the Relroreflector. 

Any translation o f the laser Head wi ll cause the two dots to move from their position on the 
Optical Square, so you will again have to rOlate and translate the laser Head (Le., repeat step 
"16" and step " 17" several times) before you are done. 

You are finished with this procedure when thc beam goes through the Interferometer 
wi thou t being clipped, and the two dots are symmetrical aboulthe Optical Square's slotted 
opening and in line with the scribed line al the center of the slot. (Sec Figure 12-6.) 

Procedure For Inslalling Ihe Straightness Refleclor 

1. Select the small aperture for the exit port on the laser Head. (You can also use Ihe large 
aperture.) 

2. Make sure the In terferometer bezel's scribe line is oriented 90 degrees relative 10 the sial in 
thc Optical Square. 

3. Move the Optics back to the near end of travel, 50 thaI they almost touch, and close enough 
togcther to gct both dots to go through the Optical Square's first slot wi th out being clipped. 

4. Position the Straishtness Reflector at the end of the second measurement axis and center the 
tWO daIS on the junction bel ween its mirrors and symmclrical about its slotted opening. 

Be sure to orient the RcfleClOr to make a horizontal strai ghtness measurement. 

If you can not get two dots to strike the surface of the Reflector, remove Ihe Interferometer 
from the laser beam path and repeat this step wi th only one dol. 

5. Secu re the Straightness Reflector to the machine after making sure it is as square as possible 
to the incoming beam. 

Final Adjuslme nts (After Aligning) 

1. Turn the laser Head 's turret ring to "OTHER", if it 's not already there. 

2. Select the Exit port 's small aperture. 

3. Rotate the bezel until its scribed- line is parallcl to thc slot in the Optical Square. 

4. look at the side of the Optical Square facing the Reflector. If you don't sec two dots, adjust 
the Reflector Mount's micrometer head that conlrols verlical motion until both dots appear 
on the side of the Optical Square. 

a. Turn the Interferometer bezel until the dots line up p.uallelto the slot in the Optica l 
Square. 

b. Adjust the Reflector Mount 's horizontal motion micrometer until both dots arc 
symmetrical about the scibed line at the center of the Optical Square's sial. (Sec 
Fjgure 12-9.) 
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Figure 12-9. Result of Horizontal Motion Adjustment (0 the S/filightness Reflccfor 

c. Adjustthc Reflector Mount 's vert ica l motion micrometer until both dots di sappear into 
the Optical Square's slo t. 

5. Look ilt the Laser Head. You should see two dols. If you don't see the dots 

il. Look ilt the side of the Interferometer facing the Optical Square. 

b. You should see either one or two closely spaced dots on the Interferometer. 

c. Adju st the Reflector Mount 's micrometers until the dot (5) disappear into the Inter­
ferometer. 

d. Look at the Laser Head. You sho uld now see the dot (s) o n the front of the Laser Head. 

6. Turn the bezel until the dots overlap. 

7. Adjusllhe Reflector Mount's micrometers until the overlapping dots are centerd o n the exit 
port , and " halo" the small apertu re. 

6. Set the Laser Head 's turret ring to "STRAIGHT". 

9. Select the Lase r Head ex it pOri 's large aperture. 

10. Turn the bezel slightly until the Laser I-lead's "SIGNAL" light comes on anu the BE AM 
STRENGTH meter indica tion is in the green area. 

NOTE 

Only a sligh t adjustment of the bezel is necessary to do Ihis. 

11. Furth er adjust the Refl ector Moum's micrometers unlilthc Beam Strenth meter indication is 
at a maximum. 
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Checking Alignment For Beam Strength 

Move the machine over its full travel range, rnakin~ Sll re that BEAM STRENGTH is adequate (in 
the green area) al all positions. 

If beam strength decreases at any point , 

a. Check for d ipping of the beam by the Opt ics . Reposition the Optics, if necessary, and 
fhen re-check. 

b. If you see part of the return beam on Ihccdge of the Exit (top) port, rotate the l aser Head 
until the return beam disappears. 

If this didn' t co rrect the "reduced beam strength" problem, refer 10 the "Manual 
Removal of Slope" information below. 

NOTE 

If the IJEAM STRENGTH indica tion never reaches the righ t-hand 
half of the meter's range, at any point along the Optics' full travel 
distance, your Optics may need cleaning. Thoroughly dean all 
optical surfaces. as described in Section 20 of this User's Guide. 

Checking for Mis-alignment Between the Reflector's Reference Bisector Optics 
Travel Path ("Slope") 

Follow the instructions given under thiS heading in Section 10. 

Manual Removal of Slope 

Fo llow the imtruct ions given under this heading in Sect ion 10. Try 10 remove as much slope as 
possible; Ihis wi ll help make it eas ier to get adequate beam st rength when you measure the 
second axis. 

Measurement Display Settings 

1. Use the instructions given In Section 10 of this User's Guide. 

2. When entering va lues for the SET UP keys, be sure you choose the correct sign conven tion for 
DIR SENSE. The sign convenlion is criti ca l in a Squareness measurement. Use the instructions 
given in Section 21 of this User's Gu ide, undcr the heading of " Squarenc55 Sign Con­
ven tions". 

Making A Measurement 

System Checks 

1. Use the instru ctions in Section 10 for " SYSTEM CHECKS", under " MAKING A MEASURE· 
MENT". 
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2. Make su re you inpu t a ca libration factor for the Optica l Square to the HP Dimensiona l 
Metrology Ana lysis System's program, if you use that system. You wi l l find the ca libration 
number next to the serial number on the Square's front surface. 

Procedure 

Since a Squareness measurement requires comparing two Straightness measurements, you must 
have the measurement data from the first axis available for comparison with the second-axis data. 
This is easily done with the HP Dimensional Metro logy Analysis System. Refer 10 the Ana lysis 
System's Operating Manual ,m d programs for exact ly how to record and store the data for thiS 
first axis. 

If you don't use the HP Dimensional Metrology Analysis System, fo llow the instructions in 
Sect ion 10 fo r " PROCEDURE", under " MAKING A MEASUREMENT". Then refer to Sect ion 21 of 
this User's Guide to help you ca lcu late Square ness from your data. 

What Affects Accuracyl 

See the information presented under this heading in Section 10 o f this User's GUide. 

SECOND-AXIS MEASUREMENT (Horizontal Axis) 

Th is second-axis measurement is merely a horizonta l Straightness measurement along a 
horizontal ilxis (see Figure 12-10). Thus, you should fo llow the instruct ions given in Section l Oaf 
this User's Guide, and add to that (as appropriate ) the informat ion below. 

Installation and Alignment of Optics 

Procedure 

NOTE 

Do not move or adjusl the Straightness Reflector from its position 
after the first measurement. The Reflector is the reference point 
used in determining the slopes of the two axes; these slopes are 
then compared in order to calculate Squareness. 

1. Remove the Optical Square and Retroreflector (if you used one ). 

2. Move the Laser Head to line up with the new measurement ax is. so the beam hits the junction 
of the Reflector's mirrors. 

3. Follow the " INSTALLATI ON AND ALIGNMENT" instructions in Sect ion 10. Remember, Do 
not move or adjust the Straightness Refle ctor. 

Final Adjustments (After Aligning) 

Follow the " fiNAL ADJUSTMENT" instructions in Section 10, except: 
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NOTE 

Whenever an instruction calls for adjusting the Reflector 
Mount 's micrometers, adjust the laser Head 's verti ca l and 
hori zon tal rotational con tro ls instead . 

Checking Alignment For Beam Strength 

follow the instructions siven in Section 10. 

Checking for Mis-Alignment Between the Reflector's Reference Bisector Optics 
Travel Path ("Slope") 

You shou ld not check for or try to remove slope in this second ax is, since the the slope o f thi s axis 
wi ll be used to determine squareness. 

Measurement Display Settings 

1. Use the instructions given in Sectio n 10 of this User 's Guide. 

2. When enterins values for the SET UP keys, be sure you choose the correct siHn convent ion for 
DIR SENSE. The slsn convention is criti cal in a Squareness measurement. Use the instructio ns 
given in Section 21 of thi s User's Guide, under the headi ng of "Squareness 5iHIl 
Conventions". 

Making A Measurement 

System Checks 

1. Use the instruct ions in Section 10 for " SYSTEM CHECKS", under "MAK ING A 
MEASUREMENT". 

2. Make sure you inpu t a cal ibration fa ctor fo r the Optica l Square to the HP Dimensiona l 
Metrology Analysis System's program, if you use that system. You wi ll find the calibration 
number nex t to the seria l number on the Square's f ront surface. 

Procedure 

Since a Squareness measurement requires comparing two Straighmess measurements, you must 
have the measurement data from the first axis available for comparison with the second-ax is data. 
This is easi ly do ne with the HP Dimensional Metrology Ana lys is System. Refer to the Analysis 
System's Oper(l ting Manual and prog rams for exactly how to reco rd and sto re the data for thi s 
second aKi s. 

If you don 't use the HP Dimensiona l Metrology Analysis System, fo llow the instructions in 
Section 10 for " PROCEDURE", under " MAKING A MEASUREMENT". Then refer to Section 21 of 
this User's Guide to help you calculate Sqllareness from your data. 
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What Alfects Accuracy? 

Since straightness optics are used in the squareness measurement. sq uareness accuracy is 
affected by th e same faclOrs thai influence st rai ght ness accuracy. See th e information in Secti on 
10 of thi s User's Guide. In addition, the sq uare r,ess accuracy is also affected by Ihe accuracy of the 
optical square's calibration number, flatness of the mirrors in the squa re, which contribu tes 
additional error like that illustra ted in Figure 'O~", and misalignment of the input beam ou t of 
the optical plane of the square. These er rors can be minimized by using the correct ca libra tion 
number of the square for calculatio ns. proper alignment of the square, and utilization of the 
procedures given in Section 10 of th is Use r's Guide. 
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SECTION 13 
SQUARENESS MEASUREMENTS 

(IN A VERTICAL PLANE) 

CONTENTS 

INTRODUCTION 
OPERATING SPEC IFICATIONS 
HARDWARE REQUIRED 
REFERENCE MATER IAL 
FIRST-AXIS MEASUREMENT 
SECOND-AXIS MEASUREMENT 
WHAT AFFECTS ACCURACY? 

INTRODUCTION 

A "Squareness" measurement consists of two Strai ghtness measurements, perpendicu lar to each 
other, made with a fixed Straightness Reflector. This is typica lly done by making a vertica l 
Straightness measurement along a verti ca l axis, using an Optica l Square, a Turn ing Mirro r, and a 
Straightness Hetroreflector, then removing these Optics and making a vertical Straightness 
measurement along a horizontal axis. This process is diagrammed in Figure 13-7. 

NOTE 

There are both a Straightness Reflector <lnd a Straightness Helro­
reflector. In this User's Guide Section. we wil l try to always type 
" Helrorefleaor" like this, with the " Retro" in bold type, to 
emphasize when that is the o ne that is to be used. 

OPERATING SPECIFICATIONS 

ACCURACY 

Short Range Optics : 
Metric Units M ode: ±(O.s + O.1M) arc-sec ± 1% of 0 
English Units M ode: ±(O.5 + O.03F) arc-sec ± 1% of 0 

Long Range Oplics: 
M etric Units M ode: ±(O.S + 0.01M ) arc-sec ± 2.5% of 0 
English Units M ode: .1(0.5 + 0.OO3F) arc -sec ..t 2.S'X, of 0 
where: 

o = cdlculated out-of-squ<lreness ang le in (lrc-sec 
M = distance of trave l of the moving optic in met res 

= distance of trave l of Ihe moving optic in feet F 
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( START ) 
~-~ 

Vertical St ril ightness Measurement, along a vertical axis using an Optical Square, a Turning 
Mirro r, and a St raishlness Relroreflector 

t 
Removc c)(tra Optics, Move laser slightly, Don'l move Straightness Refledor 

Vert ical Straightness Measu rement , along a ho ri zont al a)(is 

Compare Results; Compute Squareness 

+ 
C~--,E:....NO_~) 

Figure 1J-1. Straigh tn ess Measurement - flow Diagram 

HARDWARE REQUIRED 

In addi tion to the hardwa re required fo r any measurement using the laser Measurement System 
(see f igure 4-1), any ve rtical Squareness measurement requires the hardwa re shown in figure 13-
2. This hardware is the same as that required for a Straightness measurement, plus an Optical 
Square and its Mount, a Turning Mirro r, and a Straig htness Re lro refleclor. 
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__ ;\-_ 1 EA. 10776A 
STRAIGHTNESS 
ACCESSORY KIT 

1 EA. ,o,mA---,.~ 
TURNING 
MIRROR 

1 EA. 1077SA LONG-RANGE 
STRAIGHTNESS INTERFEROMETER 
AND REFLECTOR 

OR 
1 EA. 10774A SHORT-RANGE 
STRAIGHTNESS INTERFEROMETER 
AND REFLECTOR 

Figure 13-2. Ha rdware Required 
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REFERENCE MATERIAL 

Physical Setup of the lase r Head and Tripod Section 4 

Interconnections, Turn-o n ...................... • . •. ......... • . • ...... Section 5 

Straightness Measurements (Horizontal Axis) .......................... Section 10 

Straightness Measurements (Using the Straightness Relroreflector) ...... Section 11 

Alignment Techniques .............................................. Section 15 

FIRST-AXIS MEASUREMENT (Vertical Axis Using an Optical Square) 

The first-axis measurement is a verti ca l Straightness measurement along a vertical axis. It will be 
similar to the Straightness measurement along a vertical axis described in Section 11, except you 
will use an Optical Square, and the Straightness Reflector will be oriented along a horizontal axis 
rather than along the vertical axis. (See Figure 13-3. ) 

Except for information about insta llation and alignment of Optics, the instructions presented In 
this User's Guide Section will high light the additional things you must do beyond the instructions 
given in Section 11 . Installation and alignment instructions are given in their entirety below. 

Installation and Alignment of Optics 

Impo rtant Conside rations 

1. See " IMPORTANT CONSIDERATIONS" in Section 11 . 

2. The sequence of Optics along the laser beam is -

• laser Head 

• Turning Mirror 

• Straightness Rel roreflector 

• Interferometer 

• Optical Square 

• Reflector 

3. Try to manually remove as much "s lope" as poss ible, once your setup is aligned. This will 
make your second-axi s alignment easier. 

DESCRIPTION 

For the measurement of the first axis you will install and align the Opti cs in three distinct steps. 
First, you will Insta ll the Optical Square, the Interferometer, and the Retroreflector, and align the 
lase r Head to the path traveled by the Interferometer and the Optical Square. Second, you will 
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Figure 13-3. First-axis Positioning of Opt ics 
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install the Straightness Reflecto r. Third, you will make final adjustments to the tilt of the Reflector 
to maximi ze Beam Strength. 

1. Installation and Alignment of the Interferometer/ Re lroreflector asse mbl y and the Optical 
Square. 

You will use procedures similar to those in Sectio r, 11 of this User's Guide to dothis. You will 
set up and align th ese Optics just as if the Optical Squilre were the Straightness Reflector. 

2. Installation of the Straigh tness Reflector 

After the Optical Square and the Interferometer have been inSialled and aligned you will use 
the lase r beam to position the Reflector. 

3. Final Adjust ments 

You wi ll use a specia l technique to adjust the Reflector to bring the beams back 10 the laser 
Head and provide sufficient beam strength. 

Procedure For Installation and Alignment of Interferometer and Optical Square 

1. Align the laser Head to the horizo na l axis using the most co nvenie nt me thod : 

a. Autoreflection 
b. Gunsight (target s) 
c. Ove rlapping dots 

NOTE 

Distance optics must be used with the overlapping dots method . 

2. Att ach the Optica l Square to its mount , as shown in Figure 13-4. 

3. AHach the Turning Mirro r's base to the side of the Optica l Square, as shown in Figure 13-5. 

4. Identify the axes yo u are going to measure to make your Squilreness measurement. 

5. Position the Optical Square so thai its top slot lines up with your vertical axis and its side slo t 
faces along th e second measurement axis. 

NOTE 

The Optical Square must be square re lative to the mach ine. Use 
parallel bars in the machine's T-slots or other machine features 
to align the Optical Square relative to the machine . (The Optical 
Square must be square relative to the incoming laser beam 
within minutes of a degree or measurement errors wilt be 
induced .l 

6. Mount the Turning Mirror on its base, using ils ca ptive screws, such th at one opening faces 
where th e l aser Head will be loca ted, and the other faces upward . 
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Figure 13-4. Mounting the Optical 5qu.1re 
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Figure 13-5. MOlin/illS tile Turning Mirror 
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7. Mount the Straightness Accessory Kit 's Straightn ess Retroreflector where the tool normall y 
mounts, as shown in Figure 13·6. 

6. Screw the Interferometer into the large Relroreflecto r , using the two) mm flathead screws 
provided. 

9. Orient the Relroreflector so it overlaps the Optical Square and the Turning M irror, but with 
the Interferometer over the Optical Square. 

10. Fasten the Retroreflecto r ilssembly to the machine ir, such a way tha t the Interferometer is as 
square as possible to the Opti ca l Square and to the incoming beam. The Interferometer 
housinlS's pitch limitations are ± 2 degrees; its yaw and rolilimilations are ± S degrees. The 
pi tch and yaw requirements will be taken ca re o f automatica lly by using the Straightness 
Relroreflector and an HP Post. 

r<= 

STRAIGHTNESS '\ 
RETROREFLECTOR ---------.. 

10774A OR 1077SA ~ 
INTERFEROMETER ---------"

rd 
__ --~ ____ ~ 

rlgure 1J·6. Inlerferomelerj Rclroreffector Moun/lng 

1'1. Pos ition the Optica l Square and Turning Mirror relative to the Rctroreflector and 
Interferometer . 

a. Bring the Interferomctcr / RClroreflector assembly d ose enough to the Optica l Square to 
line up the Interferometer with the center of the Opti ca l Square's slot . (l ook into the 
Optical Squa re'~ ot her slat 10 help do this. ) 

This iSJ very imporlant step. If the Optics arc not physica lly tined lip at this point, ali gning 
along the verl ical travel axis w ill be impossible. This also cstablishes the " near end o f 
travel ", i.e .. any later movement o f the machine can on ly increase the distance between 
th e Op tics. 

b. Make sure the Turning Mirror is square relative to the Optical Squarc,and is not tilted to 
either side. 
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TOP VIEW 

• • 

• 

SIDE VIEW 

o 

SECOND POSITION 
(See Step "18d") 

FIRST POSITION 
(See Step "14") 

Figure 1J-6a. Posifioning of Gageblock 
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12. Set the l aser Head's turret rin g to "STRA IGHTNESS", and se lect th e small ape rture for the exit 
porI. (You can also do this using the full beam from the large ape rture. ) 

13, Translate the laser Head hori zon tall y so that 'he beam strikes the threaded port on th e side of 
the Optical Square facing the laser Head. 

14. Place the gageblock ove r the threaded port so that the beam is refl ected back towards the 
l aser Head (see Fi gure 13-6;) ). Use a rubber band to secure the gageblock. 

15. ROlat e the Optical Square so that the re fl ected beam mikes the laser Head and is centered 
vert ica lly on it s exi t porI. 

NOTE 

If you Cilnnot positi on the Optical Square usi ng the re fl ected 
beam, mount an indicator in the spindle and move the table 
along the hori zo ntal axis. Ro tat e the Opti ca l Sq uare so that ilS 
sides arc parallel to the directio n of travel. 

16. Secure the Oplical Square in this locat ion. 

17. Translate the laser Head hori zo ntall y so that the beam strikes the cente r of the Turning 
Mirror's opening . 

Use the Intcrferometer's target or a piece of paper to he lp you do this. 

18. Adjusl the Turning Mirror's angle with the small screws at ils base until the laser bcam goes 
th rough the small alignmen t ring on the Relrore fl ector, passes through the Inte rferometer 
wit hout being dipped, and th en is cen tered on the Optical Square 's top slot (Sec Figure 13-7 
for a pictu re of th e alignment rin g). 

a. Get the beam to go through the alig nment ring. 

b, l ook at the side of the Interferomete r faci ng the Relrore ffector, ilnd adjust the Turning 
Mirror's ilngle until you see no red re fl ection . 

STRAI GHTNESS 
RETROREFlECTOR ~""". I y 

ALIG NM ENT 
RIN G 

INTERFEROMETER 

Figure 13-7. AliSflmenr Ring Oil Straight ness Rctrorcflecfor 
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c. Remove the Interferometer from the RelrorefJector. 

d. Place the gageblo('k over the Optical Square's top slot (see Figure 13·6;, ). The beam 
should st rike the gageblock and be reftected back towards the laser Head. 

e. Adjust the Turning Mirror so that the refleded beam strikes the l aser Head and is 
centered on its exit port. 

NOTE 

If you cannot position the Turning Mirror using the reflected 
beam. con tinue with sleps "f", "g" and "h", and skip step "i". 
took at the top of the Optical Square, and adjust the Turning 
Mirror so thaI the two dots arc in line with the scribed line and 
symmenical within the opening (see Figure 13~8). 

f. Remove the gilgeblock. 

g. Screw the Interferomete r into the Relrorefleclor. 

h. Rotate the Interferometer bezel until ilsscribed line is oriented 90 degrees relative 10 the 
Optical Square's slot. 

i. look at the lap of the Optical Square. ;:md translate the laser Head unlilthe two dots are 
in line with the scribed line and symmetrical within the opening. (See figure 13-8.) 

If Ihe Optics arc very dose together, you shou ld insert a piece of paper to see the dots. 

NOTE 

This process will be impossible if the Optics were not positioned 
well enough in step "11". If you have problems with this step, go 
back \0 step "11" and redo h. 
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Figure 13-8. I"itial Positioning o( Oplica l Square 

19. You are now ready to align the laser to the In terferometer 's travel path. 

Review the "CUNSICHT" method of alignment in Section 15 of this User's Guide . 

Your goal is 10 adjust the laser Head to Hack the Interferometer 's travel path , while 
maintaining Ihe beam's near-end-of -travel posi tion . You will do thi s by: 

• Keeping the beam in the alignment ring on the Relroreflector, to maintain the 
beam's near-end-of-travel position, and -

• Keeping a two-dot pattern in line wi th the cent er of the Optical Square's slot ast he 
Optics move over Ihe tra vel path. 

This will be a little different than aligning for Distance and Angular measurements, since with 
these alignments you were on ly watching one dot relative to a target crosshair. 

20. Move the Optic; 10 the far end of travel. 

21. Rotate the laser I-lead vertica ll y and ho ri zon tall y to keep the two dots lined up on the scribed 
line at the cen ter of the Optical Square'sslol , and symmetrica l about the slot. (See Figure 13-
9.1 

Since the dots will move aparl as the Optics move, you may have to insert a piece of paper on 
lOp of the Optica l Square to wa tch the dots over the (uJitravel distance. 
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Figure 13-9. Two Dots all tile Oplical Square 

22. Translale the laser Head vertica ll y and horizon tall y 10 keep the Laser beam from being 
clipped by the alignment ring on the Straigh tness Relroreflector. 

Check this by making sure you can't see the beam on the Interferometer surface that fa ces 
the Relroreflcctor. 

Any translation of the Laser Head will cause the two dots to move from their position on the 
Optica l Square, so you will again have to rotale and translate the laser Head (i.e .• repea t step 
"16" and step " 17" several times ) before you are done . 

You are finished wilh this procedure when the beam goes through the Interferometer 
wilhout being clipped, and the two dots are symmetrical about the Optica l Square's top slot 
(see Figure 13-9.) 

Procedure For Installing the Straightness Reflector 

1. Select the small aperture for the exi t pori on the laser Hcad. fYou can also do this using the 
full beam from the large aperture.) 

2. Make sure the Interferometer bezel's scribed line is oriented 90 degrees relative to the slot in 
the Optica l Square. 

3. Move the Optics to the near end of travel. Position the Interferometer as close as you can to 
the Optical Square. 

4. Attach the Reflector 10 its mounting hardware as shown in Figure 10-4. 

5. Orient the Reflector 10 make a vertica l measurement along a horizontal axis. 
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6. Place the Reflector at the end of the horizontal axis you wil l measure when you make the 
measurement along the second axis. 

iI. Position the Reflector such that the two dots coming from the Optical Square are 
centered on the junction between the Reflector's mirrors and symmetrica l about its 
slotted open ing. (See Figure 13-10. ) 

If you can not get two dots to strike the surface of the Reflector . remove the 
Interferometer from the Relfore fleclor and rcpeat thiS step wi th on ly one dol. 

b. Secure the Reflector to the machine. 

Figure 13-10. Two daiS on the Reflector 

Final Adjustments (After Aligning) 

1. Select the small aperture for the laser Head 's ex it port. 

2. Rotate the Interfcromcter bezel until its scribed line is parallel to the slol in the Optical 
Square. 

3. l ook at the side of the Optical Square faci ng the Reflector. If you don 't see two dots, adjust 
Ihe Reflector Mounl's micrometer head thai con tro ls horizonta l mo tion unt il both dots 
appear on the side of the Optical Square. 

a. Turn the Interferometer bezel until the daIS line up paraliel to the 5101 in the Optical 
Square. 

b. Adjust the Reflector Mount's vertical motion micrometer until both dots are symmetrica l 
about the scribed line at the center of the Optica l Square's sial. (See Figure 13-11. ) 
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c. If one do t is brigh ter than the o ther, raise or lower the Re{1ector Mount until both dots 
are of equal intensity, and then repea t step " b" above . 

d. Adjust the Reflector Mount's horizontal motion micrometer until both dots disappear 
into the Opt ica l Square's slot. 

Figure 13~11 . Result of Verticaf Mo tion Adjustment to the Straightness Reflector. 

5. look at the l aser Head . You should see two dots. If you don 't see the dots -

a. look at the side of the Interferometer facing the Optica l Square. 

b. You should see either one or two closely spaced dots on the Interferometer. 

c. Adjust the Refl ector Mount 's micrometers until the dot (s ) disappear into the I nter~ 

ferometcr . 

d . l ook at the laser Head. You should now see the dOl (s) on the frOllt of the laser Head . 

6. Turn the Interferometer bezel until the dots overlap. 

7. Ad just the Reflector Mount's micrometers ulltil the overlapping dots are centered on the exit 
port, and ';h" lo" the sma ll aperture. 

8. Select the large aperture for the laser Head's exit port. 

9. Turn the Interferometer bezel slightly unti l the laser Head 's "SIGNAL" light comes on and 
the BEAM STRENGTH meier indica tion is in the green area. 

NOTE 

Only a slight adjustment of the bezel is necessary to do this. 
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10. Further adjust the Reflector M ount 's micrometers um il the Beam Strength meter indica tion 
is at a maximum. 

Checking Alignment For Beam Strength 

Move the machine over its full travel range, making sure Ihal BEAM STR ENGTH is adequate (in 
the green areal al all posilions. 

If beam s tl en~ lh decreases al any point , -

a. Check (or cl ipping of the beam by Ihe Optics. Reposition Ihe Optics, if necessary, and 
then re·check . 

b. If you see part of the return beam on the edge of the Ex it (top) port, rotate the laser Head 
unlil Ihe return beam disappears. 

If this didn 't correct the "reduced beam strength " problem, refer 10 the " Manual 
Remova l of Slope" in format ion below. 

NOTE 

If the BEAM STRENGTH ind ication never reaches the right·hand 
half o f the meter's range,a t any point along the Optics' full travel 
distance, your Opt ic. .. may need cleaning. Thoroughly cl ean all 
optical surfaces , as described in Section 20 of this User's Guide. 

Checking For Mis-Alignment Between the Laser Beam and the Optics Travel Path 
("Slope") 

Follow the inst ruct ions given under this head ing in Section 11. 

Manual Removal of Slope 

Follow the Instructi ons gi ven under this heading il' Section '1 . Try to remove as much slope as 
possible; this will help make il easier to get adequate beam strength when you measure the 
second axis. 

Measurement Display Settings 

1. Use thc instructions given in Section 10 o f (his User's Guide. 

2. When enter ing valucs for [he SET UP keys. be sure you choose the co rrecl sign convention for 
DIR SENSE. The sign convention is crili cal il' a Squareness measurement. Use the instructions 
gi ven in Section 21 of this User's Guide. under the heading of "Squareness Sign 
Conventions" . 

Making A Measurement 

System Checks 

1. Use the instructions in Secti on 10 fo r "SYSTEM CHECKS", under " M AKI NG A MEASURE­
M ENT" . 
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2. Make sure you input a calibration factor for the Optical Square to the HP Dimensional 
Metrology Analysis System's program, if you use that system, You will find the calibration 
number next to the seri31 number on the Square's front surface. 

Procedure 

Since a Squareness measurement requires comparing two Straightness measurements, you must 
have the measurement data from the first a)Cis available for comparison with the second-axis data, 
This is easily done with the HP Dimensional Metrology Analysis System, Refer to the Analysis 
System's Operating Manual and programs for exactly how to record and store the data for this 
first axis. 

If you don't use the HP Dimensional Metrology Analysis System, follow the instructions in 
Section 10 for " PROCEDURE", under " MAKING A MEASUREMENT". Then refer to Section 21 of 
this User's Guide to help you ca lculate Square ness from your data. 

What Affects Accuracyl 

1. See the information presented under thi s heading in Section 10 of thiS User's Guide. 

2. The orientation of the Optical Square relative to the laser beam is very important. Any 
ansulClr misalignment (even a few minutes of a degree) will induce errors in your 
measurement. To prevent this from happening, secure the Optical Square against parallels in 
T slots or other similar machine fea tures that are square relative to the machine's motions. 

SECOND-AXIS MEASUREMENT (Horizontal Axis) 

This second-axis measurement is merely a vertical Straightness measurement along a horizontal 
axis (see Figure 13-12), Thus, you should use the instructions given in Section 10 of this User's 
Guide (or in Section 11 , if your machine has a horizontal spindle and you arc measuring "Z-Y" 
Squareness), and add to that (where appropriate) the information below. 

Installation and Alignment of Optics 

Procedure 

NOTE 
Do not move or adjust the Straightness Reflector from its 
position after the first measurement 

1. Remove the Optical Square, Turning Mirror, Interferometer and Relrorefl ector. 

2. Mount the Interferometer (and the Relroreflector if the spindle is horizontal ) where the loot 
normally mounts. 

3. Adjust the laser Head to line up with the new measurement axis. The output beam should hit 
the junction of the Reflector mirrors. and the reflected beam should hit the La ser Head's exit 
port . 

a. Trillnslale the laser Head so that the o utpu t beam goes through the In terferometer and 
st rikes the junct io n o f the Reflector mirrors. 

b. Rol al e the laser Head so Ihat Ihe reflected beam strikes the center of ils exit port. 



TOP VIEW 

SIDE VIEW 
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" 

Fisure 13-12. Secotld -axi5 P05ifioning of {he Optics 
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4. ror any Vertical Squareness measurement except "Z-y" on a machine with a horizontal 
spind le, follow the " INSTALLATION AND ALIGNMENT" instructions In Section 10. 

For a Vertical "Z-Y" Squareness measurement on a machine with a horil.Ontal spindle. follow 
the " INSTALLATION AND ALIGNMENT" instructions in Section 11 . 

Remember. don't move or adjust the Reflector . 

Final Adjustments (After Aligning) 

Follow the "FINAL ADJUSTMENT" inSlrudions in Secl ion 10. or Section 11 except 

NOTE 

Whenever an instruction calls for adjusting the Reflector Mount 's 
micrometers. adjust the laser Head's vertiCil! i1nd horizontal 
rotational controls instead. 

Checlcing Alignment For Beam Strength 

Follow the instructions given in Secti on 10 or Sect ion 11. 

Checlcing For MiS-Alignment Between the Laser Beam and The Optics Travel 
Path ("Slope") 

You should not check for or try 10 remove slope in this second axis. since the slope of this axis will 
be used to determine squarcI,ess. 

Measurement Display Settings 

1. Usc the instructions given in Section 10 or Section 11 of this User's Guide. 

2. When entering va lues for the SET UP keys, be sure you choose the correct sign convention for 
DIR SENSE. The sign convention is critical in a Squareness measurement. Use the instructions 
given in Section 21 of Ihis User's Guide. under the heading of "Squareness Sign 
Conventions". 

Making A Measurement 

System Checks 

1. Use the instructions in Section 10 or Secl ion 11 for "SYST[M CHECKS", under " MAKING A 
MEASUREMENT". 

2. Make sure you input a ca libration factor for the OpTical Square to the HP Dimensionill 
Metrology AnalysiS System's program, if you use that system. You will find the ca libration 
number next to the serial number on the Square's front surface. 
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PROCEDURE 

Since iI Squarencss measurement requires comparing two Straightness measurements, you mu .. t 
have the measurement data from the first ax is available for comparison with the second -axjs data. 
Th is is easily done with the HP Dimensional M etrology Analysis System. Refer to the Analysis 
System's Operating M anual and programs for exactl y how to record and sto re thc data for this 
second ax is. 

If you don't use the HP Dimensional M etro logy Anal ysis System, follow the instructi ons in 
Section 1001 Secti on 11 for " PROCEDURE", under " MAKI NG A MEASUREMENT". Then refer to 
Section 21 of this User's Cuide to help you calculate Squareness from your data. 

What Affects Accuracy? 

Since Strai ghtness optics are used in the Squareness measuremenl , Squareness accuracy is 
affected by the same factors that influence Straightness accuracy. See the info rm ation in Section 
10 of this User 's Guide. In addit ion, the Squarcncss accu racy is also affected by the accuracy o f thc 
Opt ical Square's calibration number, fl atness o f the mirrors in the Square. which contributes 
additional error like that illustrated in Figure 10-11, and misalignment of the input beam out o f 
the opti cal plane of Ihe Square. These t!rrors can be minimized by using the correct calibration 
number of the Square for ca lculation." proper alignment of the Square, and utili zation o f the 
procedures given in Sect ion 10 of this User's Cuide. 
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INTRODUCTION 

There are two types of " Parallelism" measurements - "linear" and "Rotational " . In any 
Parallelism measurement , you compare the slopes of two Straightness measurement, measured 
from the same Straightness Reflector positon. 

A "linear Parallelism" measurement consists of two Straightness measurements, made along the 
same measurement axis but with the Interferometer moving in the one measurement and the 
Reflector moving in the other measurement. 

A " Rotationa l Para llelism" measurement is made on a lathe. It consists of two Straightness 
measurements, each made with the Reflector held in the lathe's spindle (the workpiece 
location ), but with the spindle rotated 180 degrees for the second measurement. 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using the Laser Measurement System 
(see Figure 4-1), any Parallelism measurement will need all the same hardware as required for a 
Straightness measurement, plus a Turning Mirror and possibly a Straightness Retroreflector. 

REFERENCE MATERIAL 

Physical Setup of the Laser Head and Tripod Section 4 

Interconnections, Turn-on . .................. , .. , ... ,................. Section 5 

Straightness Measurements (Along a Horizontal Axis ) . ........ . ... . .... Section 10 

Straightness Measurements (Using the Straightness Retroreflector ) ...... Section 11 

Ali gnment Techniques .. . ........... . ... . Section 15 

LINEAR PARALLELISM MEASUREMENTS 

With this type of Parallelism measurement, you will make two Straightness Measurements along 
the same measurement axi s. In one measurement the Reflector will move and in the other the 
Interferometer will move. 
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First-Axis Measurement 

Installation and Alignment of Optics 

Insta ll and align your optics for the first measurement by following the instructions given in 
Section 10 or Section 11 of this User's Guide. 

1. Move ei ther the Interferometer or the Retroreflector. 

2. Try to manually remove as much slope as possible. This will help make it easier to get 
adequate beam strength when you make the second measurement. 

Measurement Display Settings 

Use the instructions given in Sect ion 10 or Section 11 of this User's Guide. 

Note the direction of positive readings, by pressing slight ly on the Interferometer. This will be 
important when you measure the second axis . 

Making A Measurement 

System Checks 

Use the instructions for "SYSTEM CHECK" given in Section 10 or Section 11 of this User's Guide. 

Procedure 

If you use the HP Dimensional Metrology Analysis System, refer to it s Operating Manual to 
record and store the data for this first axis. 

If you don't use the HP Dimensional Metrology Analysis System, follow the instructions given in 
Section 10 or Section 11 of thiS User's Guide. Then refer to Section 21 of thiS User's Guide and 
ca lculate the slope of your measurement data. 

Second Axis Measurement 

Installation and Alignment of Optics 

Make any changes that are necessary to allow the Optic (either the Interferometer or the 
Reflector ) that didn't move in the first measurement to move in the second measurement. 

00 not adjust the tilt of the Straightness Reflector . 

Measurement Display Settings 

1. Use the instructions given in Section 10 or Section 11 of this User's GUide. 

2. When entering va lues for the SET UP keys, be sure you choose the co rrect sign convention for 
DIR SENSE. The sign convention is cri ti cal in a Parallelism measurement. 

Make sure that positive readings appear in the same direction as they did when you 
measured the first axis. Press slightly on the Interferome ter to do Ihis. Study Figure 14-1 and 
Figure 14-2 to see the importance of the slopes' sign directions. 



Making A Measurement 

System Checlf:s 

Model 5526A 
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Use the Instructions for "SYSTEM CHECK" given In Section 10 or Section 11 of this User's Guide. 

Procedure 

If you use the riP Dimensional Metrology Analysis System, refer to its Operating Manual to 
record and store the data for this second axis. 

If you don't use the HP Dimensional Metrology Ana lysis Sys tem, fo llow the instru ctions given in 
Section 10 or Section 11 of this User's Guide, then refer to Section 21 and calculatc the slope of 
this second-axis measurement. 

Calculating linear Parallelism 

Once you have the slope for each measurement ax is (from Section 21 ), translate the slope values 
in to a Para llelism value. What you must do is -

1. For each axis, determine the angle of misalignment (6). 

This is done by taking the arctangent of the slope (m) of each Straightness mcasuremenl and 
multiplying by " 3600", to convert to " arcseconds". 

/1 ::= (arctangent (m)1 x 3600 (arcseconds) 

Be sure your slope value is dimensio nless, i.e., metre/ metre or inch / inch. 

2. Add the angles together. 

linear Parallelism = 8, + 82 

In order to do thi s, both the first - and second-axi s measurements must have deflections of the 
Interferometer produce the same sign convention when in the same di rection . 

Figure 14·1 shows that the "z" and "w" axes arc not parallel by the amount 0, + 02. 

Figure 14-1 shows that the "z" and "w" axes are parallel if the magnitude of 0, equals the 
magnilUde of 02. When you add 6, + 82, you are actually adding 8, + (- 02 ) = 01 + (-0, ) = 0. 
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Figure 14-1. Linear Parallelism - Divergenl Axes 

14-4 

z 

z 



I-.-. I 0 , 

f y 

x 

.--c::..,. 

LtNEAR PARALLELISM ERROR - III + 02 

Figure 14-2. Linear Paralleli.~m - Parallel Axes 

z 

w 

z 

Model 5528A 
Pa rallelism Measurements 

14-5 



Model 5528A 
Para lle lism Measuremen ts 

14-6 

ROTATIONAL PARALLELISM MEASUREMENTS 

Th is type of measurement is used to determine the parallelism between a lathe's spind le axis and 
its too l's travel path. Two Straightness measurements are made, with the Straightness Reflector 
he ld in the lathe's spind le; the spind le (and Reflector) are rotated 180 degrees between the first 
and second measurement, o therwise the two measuremen ts arc the same. 

STRAIGHTNESS 
REFLECTOR 

A. TYPICAL PARALLELISM 
CONFIGURATION 

STRAIGHTNESS 
INTERFEROMETER 

STRAIGHTNESS REFlECTOR 

B. FIRST MEASUREMENT PATH 

TURNING 
MIRROR 

r..-_ LASER HEAO 

_ _ --,,8,-P"INDLE AXIS 

MEASUREMENT AXIS 

SPINDLE AND 
STRAIGHTNESS REFLECTOR 
ROTATED 1800 MEASUAEMEttT AXIS 

__ ---'8::.P.:;1 N 0 LE AX IS 

" 
C. SECOND MEASUREMENT PATH 

PARAllELISM ERROR EQUALS THE ANGULAR DISPLACEMENT BETWEEN THE 
TOOLPOST TRAVEL AXIS AND THE SPINDLE AXIS . THIS IS OBTAINED BY COM­
PUTING 0, AND 02; THEN TAKING 112 THEIR ALGEBRAIC SUM. 

Figure 14-3. ROlational Parallelism Measuremellls 



First-Axis Measurement 

Installation and Alignment of Optics 

(See Figure 14-3.) 

1. Attach the Straightness Reflector to the spindle. 

2. Attach the Straightness Interferometer to the tool posl. 

J. Attach a Turning Mirror to the tailstock, un less il is a hollow lail stock. 

Mode l 5528A 
Para lle lism Measuremen ts 

Removal of a heavy tail stock is nOI recommended , since tha t would change th e static loading 
of the lathe's bed and ca use additional errors. 

4. Posit ion the laser Head and tripod to th e side if you use the Turning Mirror, or behind the tail 
stock if it is hollow. 

5. Align th e Optics just as you would for any Straightness measu rement , excepl Ihe beam goes 
through the Turning Mirror first. To do this -

a. Position the Turning Mirror as squarely as possible. 

b. Gel Ihe laser beam 10 strike Ihe center of the Turning Mirror. 

c. Adjust the Turnins Mirror or the laser Head so the laser beam strikes the junction of the 
Straightness Reflector's mirro rs. 

d. Align the lase r Head to the Interferometer's travel usi ng the principles presented in 
Section 10. 

Do nOI make any further adjustments to the Turning Mirror when you are aligning the 
laser Head, unless you r adjustments to the laser Head are extreme enough to move the 
laser beam off the Turning Mirror. If Ihis happe ns, readju st the laser Head to mike the 
center of the Turning Mirror and start over. 

6. Once aligr,ed , tr y to manually remove as mu ch slope as poss ible ; this will help make it easier 
to get adequate bea m strength when you make the second measurement . 

Measurement Display settings 

Use the instructions given in Section 10 of Ihis Use r's Guide. 

Making A Measurement 

System Checks 

Use the instructions given in Seclion 10 of thi s User's Guide. 

Procedure 

If you use the HP Dimensional Met rology Analysis System, refer to its Operating Manual to 
record and store the data for thiS firs! axis. 
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If you don 't use the HP Dimensional Metrology Analysis System, follow the instructions given in 
Section 10 of this User's Guide, then refer to Section 21 of this User's Guide and calculate the 
slope of your measu remen t data. 

Second-Axis Measurement 

To measu re the second axis, you on ly have to rotate the spindle and Straightncss Reflcdor 180 
degrees and make a measurement. 

The instructions below ind ica te the extra things you should do for this measurement axis. 

Installation and Alignment of Optics 

ROl<lte the spindle 180 dcgrees. Do not adjust the tilt of the Straightness Reflector. 

Measurement Display Settings 

r:;J 
~ 

You must change the Direction Sense for this second measurement. Prcss th e 
OIR SENSE key. 

Making A Measurement 

Use the sa me instructions you did for the first axis measurement. 

Calculating Rotational Parallelism 

Once you have the slope for each measurement axis (from Section 21). transl,lIe the slope values 
into a Parallelism value. What you must do is -

1. For each axis, determine the angle of misalignment (8). 

This is done by taking the arcta ngent o f the slope (m) o f each Straightness measurement and 
mu hiplying by "3600", to convert to "a rcseconds". 

8 = larctangent (m)] x 3600 (a rcseconds) 

Be sure your slope value Is dimensionless, i.e., metre/ metre or inch/ inch . 

2. Add the angles together and divide by two. 

Rotational Parallelism Error ;= (01 + 02)12 

I n order to do this, the first· and second·axis measu rements must have deflections of the 
Interferomete r produce opposite sign conventions when in the same direction. 
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INTRODUCTION 

This secti on provides the information you need to adjust the l aser Head to the trave l path 
followed by the Optics. 

You should develop an understanding o f the principles involved in each alignment method. This 
will allow you to adapt any method to your particular applicat ion. 

SUMMARY OF ALIGNMENT METHODS 

Alignment meth ods are listed in Table 15-1, along w ith advan tages and disadvantages of each. 

Tab le 15-1 Summary of Alignment Methods 

METHOD APPLICATION ADVANTAGES DISADVANTAGES 

A. Gunsight All Simplest Inaccurale over 
Measurements No reflection smai liraveis 

l'osslble In 
all situations 

No o ther 
hardware required 

U. Overlapping Distance and VelocilY possible in More compll cilted 
Dots Measuremen ts only al l situa t ions work inK with 

reflections 
No o ther 
hilrdwi!rc required 

C. Auto- All Speedy More complicated 
Reflection Measurements working wi th 

refleCTions 

Need special hardware 

Not always possible 

D. Maximum In connection Increa ses 
Measurement with Methods accuracy of 
Reading A, B, andC methods 

for Distance A , 11, and C 
and Veloci ty 
Measurements 

15-1 
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The only alignment methods that can be used for all measurement types are "GUNSIGHT" and 
"AUTOREFLECTION". The "OVERLAPPING DOTS" and " MAXIMUM MEASUREMENT READING" 
alignment methods are used for Distance and Velodty measurements only. 

TRANSLATING AND TURNING THE LASER HEAD 

Each alignment method requires translational and turning movements of the Laser Head. It is 
easiest to separate these motions into vertical and horizontal components. You will use these 
adjustments over and over again, so you should become familiar with them now, If you haven 't 
already. This Information is presented in Seclion 4, with Figure 4-3 and Figure 4-4. 

GUNSIGHT METHOD 

This method can be used for any measurement. 

Procedure 

1. Attach targets to the Optics as instructed in each measurement type's " Installation and 
Alignment of Optics " section. Both Optics must be at the " ncaf end of travel " and already 
adjusted around the laser beam. 

2. Move the Retroreflector or Reflector (depending on the type of measurement you're 
making) away from the Laser. Stop movement when the laser beam is about 10 move off the 
Retroreflector's or Reflector's target surface, or when Ihe Oplics reach the end of travel. 

3. Now make a se ries of adjustments to the Laser Head untillhe beam returns to where it 
originally was on the reflecting Optic or ils larget. (This process is illustrated in Figure 15-1.) 

a. Rolale (turn ) The I.aser Head to move the beam back toward the crosshairs or etched line 
on your reflecting Optic. (See step "2" in Figure 15-1. ) 

As soon as you do this, the Laser beam will be partially or fully blocked by the 
Interferometer's target hole. 

b. Translate the Laser Head vertically and horizontally unTil the beam again goes through 
the hole in the Interferometer's largeT (See step "3" in Figure 15-1. ) 

If the Laser beam is nOI now hilling the correct point on the reflecting Optic, perform 
again the process of turning and translating the Laser Head, 

4. Continue this process of moving the Reflecting Optic and then adjusting the Laser Head as 
many times as necessary until the end of travel Is reached. At this point, the laser will be 
aligned to the table and to the optics. 

Summary 

1. Translate the laser Head or move the optics to initially position the optics around the laser 
beam according to instructions given in each measurement section. 

2. After movement of one optic: 

a. Rotate (tilt or turn ) the Laser Head any time the Laser's beam doesn 't hit the 
Retrorefleclor's target. 

b. Translate the laser Head linearly (up/ down or left / right) any time the laser beam doesn't 
go through the Interferometer's target hole. 
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r-= ORIGINAL SITUATION 

tI --------INTERFEROMETER TARGET HOLE 

/./ REflECTOR TAR GET CAOSSHAIRS 

1. 

2. 

3. 

~LAS __ E"~I ----- e-~ ~I ____ ~I ----- e-~ 

[ 

ORIGINAL SET-UP 

NEW, ORIGINAL SITUATION 
FROM NO. 1 

1----- ~ 

NEW ORIGINAL SITUATION 
FROM NO.2 

+ 

+ 

+ 
+ 

MOVE REFLECTOR 

"------'1- ---~ 
TURN LASER HEAD 

[ 
t 
}----~ + 

TRANSLATE LASER HEAD 

--

--

-

'--------'1 -----~ 
LASER BEAM NO LONGER 
HITS CROSSHAIRS ON 
REFLECTOR TARGET 

['-------...J] -----2 
LASER BEAM IN LINE WITH 
REFLECTOR CROSSHAIAS 
BUT NO LONGER GOES THRU 
INTERFEROMETER TARGET HOLE 

+ 

,----I ---...J} ----0- - -- ---+ 

ALIGNMENT! 

BEAM GOES THROUGH 
INTERFEROMETER TARGET 
HOLE & HITS 
REFLECTOR TARGET 

Figure 15-1. Gu nsighr Alignment Sequence 
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OVERLAPPING DOTS METHOD 

This alignment method is used o nly for Distance or Velocity measurements. 

Description 

The "Over lapping Ools" method is identi ca l 10 the "Gunsight" method, except that the Inter­
ferometer and Retrorefleclor l argets are removed and the Laser Head return pori becomes the 
target. 

Procedure 

1. Install the Optics as described in Section 6 of this User's Guide ("015T ANCE MEASUREMENTS"). 

The return beams from your Distance Optics should completely overlap on the laser Head 's 
lower (return ) port. The Optics should be at the "near end of travel" , 

NOTE 

You should not have targets in place. 

2. Move the Ret roreflector away from the laser (or separate the Optics). 

If the Laser is not aligned to the travel axis, the Retroreflector dot will begin to move from the 
target port. The dot will move until the beam is cut off by the edge of the Interferometer's 
window, Stop moving the Retroreflector before the beam is thus blocked, or when the end of 
travel is reached. Figure 15-2 shows why the return dot moves. 

LASER 
LASER AXIS 

'\ _ _ _ TRAVEL AX,S 

RETROFLECTOR 

--_ . ~--

INTERFEROMETER 

DISPLACED RETR OREFLECTOR BEAM 

Figure 15-2. Relroreflec!or Movemen/ 

This step is identica l to the "Gunsight" alignmen t method 's step "2", except that you must 
look at the Laser Head instead of the tar gels on the opt ics. 

Figure 15-3 illustrates a typica l two-dot pattern that you may see after the optics move, 
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I 0 
I DISPLACED I 

--I, 
o I 

RETROREFLECTOR I' 
OOT 0 I 

__ -L~ 

INTERFEROMETER 
DDT 

Figure 15-3. Result of Retroreflec/or Movement 

3. Now make a series of adjustments to the Laser Head until the beams returning from both 
Optics are again centered on the Laser Head's return port target. (Use the procedure given 
below with Figure 15-4.) 

Verl ical Axis 

a. Tilt the Laser Head up or down until both return dots are in line. (See step "1" in Figure 
15-4.) (You are matching the Relroreflector's position with this adjustment. ) 

b. Now translate the Laser Head up or down until the Interferometer's return dot is again 
centered on the Laser Head's return port. (See step "2" in Figure 15-4. ) (You are 
maintaining the Interferometer's position with this adjustment. ) If the dots are no longer 
in line at this point, keep repeating steps "a" and " b" until the dots are in line, as shown in 
step "2" of Figure 15-4. 

Horizontal Axis 

c. Turn the Laser Head left or right until both dots overlap. (See step " 3" in Figure 15-4. ) 
(You are matching the Reflector's position with this adjustment. ) 

d. Now translate the Laser left or right until both dots movetothe cel1terofthe return port. 
(See step "4" of Figure 15-4. ) (You are maintaining the Interferometer's position with this 
adjustmenL ) 

If the dolS separate at this time, repeat steps "c" and "d" again. At the end of this 
procedure, both dots should overlap completely at the Laser Head's return port. 

4. After aligning, continue to move The Retroreflector toward the end of travel. Stop and repeat 
the previous procedures each time the Retroreflector return beam gets close to being 
clipped by the Interferometer, or at the end of travel. 

15-5 
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HOW TO USE: 

(EXISTING POSITION 
OF RETURN DOTS) 

+ (LASER HEAD MOVEMENT) _ 

1. 

2. 

3. 

4. 

15-6 

VERTICAL AXIS 

RETROREFLECTOR 
DOT 

HORIZONTAL AXIS 

+ 
INTERFEROMETER 
DOT 

+ 

+ 

TURN 
HEAD 

--

-

-
TRANSLATE 
HEAD 

Figure 15- 4. Overlapping Dots Alignment Procedure 

(NEW POSITION 
OF RETURN DOTS) 

o 

ALIGNMENTI 
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Summary 

1. Translate the Laser Head o r move the Optics \0 initially posi ti onlhe Optics around the laser 
!.Jearn according to instructions given in Section 6. 

2. Afte r movement of one Optic: 

a. Rotate Iliit or lurn ) the la5er '-lead any time the Laser's beam doesn't hit the 
Rel roreflcctor's large t. Turn unt il the d o ls line up . 

...... ....... 

INTERFEROMETER DOT 

RETROREFLECTOR DOT 

} 

TURN 
IN DIRECTION 
OF 
AETROREFLECTOR 
OOT 

IN DIRECTION OF 
RETROREFLECTOR DOT 

) 

TURN 

Figure 15-5. When to Turn rhe Laser 

b. Translale the Laser HC<ld (up/ down or left/r igh!) any time the Interferometer return dot 
is not in the return port tar get (See Fi/<JlJrc 15-6). IThe Interferometer return dot is the one 
that remain s when the path between the Relroreflecto r and the Interferometer is 
blocked .) 
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t 
TRANSLATE 

~ IN DIRECTION 
OF DOTS 

t 
TRANSLATE 
IN DIRECTION 
OF DOTS 

Figure 15-6. When to Translate 

AUTOREFLECTION METHOD 

15·8 

This alignment method can be used with any type of mcasurement. 

NOTE 

This alignmen t me thod does not use any Optic used to make 
measurements. Instead, you must establish a plane mirrored 
surface perpendicular to the path that will be travelled by the 
Optics by using some feature of the machine's geometry (e.g., 
T -slots). 
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Procedure 

1. Visua lly align the laser as well as you can parallel to the direction of machine trave l. 

2. Prov ide a rlat front-su rface mirror, perpendicular to the machine axis to be measured. 

Typical reflectors having required mirror fla tness and reference for autoreflecti on are -

True squares 

Other precision angle plates or squares with a gage block wrung 10 the appropriate 
surface. 

Typi cal means for making the mirro red surface perpendicular 10 machine travel are -

a. locating the mirror's referen ce su rfa ces against fixed reference surfaces on the machine 
table (see Figure 15-7 ). 

b. Indicating the reference surfaces on the mirror/ lrue square/ gauge block/ with a d ial 
indicator, and adjusting the angular position of the mirror surface. 

MACHINIST'S 
FLAT 

4;;;;;::::::>C::~- T-SLOT 

GAUGE BLOCK 
(MIRRORED SURFACE) 

LINE TO BE MEASURED 

AN GLE PLATE 

Figure 15-7. Using Reference Surfaces fa Align Mirror 

3. Place the perpendicular mirrored surface as far from the laser as poss ible, along the desired 
Optio' travel pa lh. 

4. Position the laser verti cally and horizontal ly so a red dOl appears o n the m irrored surface, at a 
height appropriate for the optics (see Figure 15-8). 

15-9 
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~ 
~~ 

0 

VERTICALLY 

/0\ 

II' 

HORIZONTALLY 

Figure 15-8. Initial Laser Posir;on 

S. look back at the front of the laser Head for the reflected dol. 

,- '=== 

If the dot docs not appear somewhere on the laser Hcad, hold a sheet of paper (with a holc in 
it to allow the laser Head's output beam to pass through it) between the laser Head and the 
mirrored surface. Look for the return beam's dot somewhere o n the paper. 

6. ROiale th e lase r Head vertically, then horizontally, until the reflected beam is centered on its 
upper felCh ) porI. 

NOTE 
The tar get for auto reflection is the elCit pori , instead of the return 
port, since the return bcam is not offset by a Retroreflector. 

If you turn the lase r Head too far, the beam may movco ff the autorcflecling su rface. If this 
happens, translat e the laser Head until the beam again hits the aUlorefiecling surface. 

Your lase r Measurement System is now aligned . Unlike the "gun sight" or "overlapping 
dots" methods, there is no progressive alignment for autoreflectfon tcchniques. 

7. Remove the autoreflector and install the o ptic; a5 outlined In each particular measurement 
section. 
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ROTATE ANYTIME RETURN DOT 
IS NOT ON EXIT PORT. RETURN DOT 

1 
L 

RETURN DOT 

TRANSLATE ONLY IF BEAM IS 
NOT CENTERED ON YOUR 
AUTOREFLECTING SURFACE. 

Figure 15-9. Auforellecfion Summary 

MAXIMUM MEASUREMENT READING METHOD 

This alignrnenl method is used only fo r Distan ce or ve lOcity measurements. 

You should use this method in cri tical high accuracy measurements where any cosine error , no 
matte r how small , is unacceptable . 

Descriplion 

The laser Measurement System will only measure th e component o f distan ce o r velocity parallel 
to its laser beam. This componen t can be represented by the long leg of a right tr iangle with the 
hypotenuse of that triangle representing the actual path traveled by the opti cs. ~ See Figure 6- 131 
This means that if an y cos ine e rror is present , the laser Systcm 's reading will be sli ghtl y less than 
th c actual !raveled di stan ce or velocity . 
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In this method you will slight ly rotate the laser Head until the reading on the Measurement 
Display reaches a maximum, thereby moving the laser beam to the hypotenuse of the triangle 
described above and eliminating cosine error. 

Procedure 

1. 'At the "near end of travel", make sure the return bearns from the Optics are completely 
overlapped. 

a. Position the Retroreflccl()r within 5 mm (. 2 in.) of the Interferometer. 

b. Till and rolate the laser Head slightly. If there is any change in the Measurement 
Display's reading the return beams from the Optics are not completely overlapped and 
centered on the laser Head's return port. 

c. Adjust the Optics until the reading doesn' t change. 

2. Move 10 the " far end of travel". 

3. Rotate and then tilt the laser Head slightly while watching the Measurement Display. SlOP 
movement when a maximum va lue is found in each axis. 
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CONTENTS 

INTRODUCTION 

SECTION 16 
CONTROLS, 

CONNECTORS, 
INDICATORS 

MORE ABOUT THE RESET KEY 
MORE ABOUT AUTORECORD 
MORE ABOUT THE SET UP KEYS 

GENERAL 
MORE ABOUT THE PRESET KEY 
MORE ABOUT THE MAll TEMP KEY 
MORE ABOUT THE V.O.l. KEY 
MORE ABOUT THE RESOl KEY 
MORE ABOUT THE EXP COEFF KEY 

INTRODUCTION 

This User's Guide Section describes the Controls. Con nectors, and Indicators, th at are found on 
the electron ic units in the Laser MeasuremenT System. 

The basic information is presented in Figures illustrating The frOll1 and rear (as appropriaTe) of 
each of these units. 

Where the description of any item is too Ions to fi t easily into il figure. you are referred to 
additional material ou tside the figu re, but still within this Sect ion. 

The Measu rement Display unit 's front-panel cormo ls and indicators ilrc illustrilted ilnd briefly 
descr ibed in Figure 16-7. 

The Measurement DisplilY unit's reilr-panel conlrols and connectors are Illustrated and briefly 
described in Figure 16-2. 

The laser Head's indicators arc illust rat ed and briefly described in Figure 16-3. 

The Remote Cont rol uni t's controls and indica to r are i llusrra ted and brie(ly described in Figure 
16-4. 
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1. AlPHA·NUMERIC DISPLAY: lED indicators used to display numeric 
data readout s or alpha·character status information. 

2. BEAM STRENGTH Meter: Indicates the re lative strength of the laser 
beam measurement signal. The meter reading ciln be used to i1id in 
optirnizing Iht! optica l al ignment of the laser and measurement optics. 
Oeam strength indications within the green area of the meter arc 
required for proper operation. 

3. lASER ON Indicator: Indicates that power is being provided to th(· 
Lilscr Head, and that the Laser tube is activated and emitting a lase r 
beam. 

This indicator is connected in pa rallel with Ihe LASER ON indicators on 
the Laser Head. All of these indicators should be lightcd at the same 
time. 

4 . RESET Key : Erdses all measurement da ta taken up 10 the time it was 
pre .. sed. Releases Lase r Measurement System from Hp· IB control (if it 
was operating under HP·IB conlrol ). Clears error message, if one is 
being displayed. Returns Laser Measuremenl System to fIlost·rcccnt ly· 
chosen measu rement mode. 

NOTE 

The RESET key dears o nly the mt'a!ourement da ta. A value 
entered via an ENTRY key will not be changed by RESET. 

Addi tional inform.uion aboullhe RE SET key is presented in text outSide 
this figure. 

5. DISTANCE Key : Programs the LdSer Measurement System fur d 
Distance Measurement. Distann' Measurements are described in 
Section 6 of this Users Guide. 

6. VElOCITY Key : Prog ram~ the I.a~er Me<l~uremen t System for a VelOcity 
Measurement. Velocity Measu reml'nl s are described in Section 7 of 
this User's Guide. 

7. ANGLE Key : Programs Ihe I.aser MeaSurement System fo r an Angular 
Measurement. An~ular Measurements are described in Section 8 of 
this Users Guide. 

8. STRAIGHTNESS Keys: Either of these keys programs the Laser Measure­
menl System for a Straightness me.lSurement. Straightness measurements 
are described in Section 10 and Section 11 of this User's Guide. The LONG 
STRAIGHTNESS key is used for a measurement in the range from 1000 mm 
to 30,000 mm (39.37 inches to 1200 inches). The SHORT STRAIGHTNESS 
key is used for iI measurement in the range 100 nun to 3000 mm (3.94 
inches to 120 inches). 

9. AUTO RECORD Key : This key provides a way for you to record data on an 
external device, automatically, at a fate you choose. 

Additional information about the AUTO RECORD key is presented in text 
outside this figure. 

10. PRESET Key: Selects a function depending on the current measurement 
mode. Offset values Gill be preset in the distance and velocity modes. 
Mul tiplication fa ctors ca n be preset in the angular and straightness modes. 
The default value~ are "0" for Distance dnd Velocity, and "1" for Angu lar 
and Straightness. The PRESET key can be used any lime without loss of 
measurement data. Changing a preset value in anyone particular modI' 
does not affed the presct values of the other modes. 

Additional information about the PRESET key is presented in tCOICt outsidco 
this figure. 

11. MATL TEMP Key: The Material Temperature Sensor(s) are used to 
compensate fOf thermal expansion or contradion o f the material being 
medsured by the Laser Me.lsurement System. The MATl TEMP key can be 
used any time without Ims of measurement da ta. The MATL TEMP key can 
be used 10: 

a. display the averagt' ternperaturf> of ilil sensors connected,-

Model 5S2GA 
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b. display the temperature of each individual sensor connected,-

c. display the default average temperature value (20<lC or 68°f ) if all 
~ensor~ are disconncdcd. -

d. enter dll aver.lge workpiC'Ce temperature when all sensors are 
disconnected. 

Additional information about the MAll TEMP key is prescnted in text 
outSide this figure. 

12. V.O.l. Key : The V.O.l. key can be used to display or select the Velocity· of· 
light Compensation number. 

Addi tiona l Information about the V.O.l. key is presented in text outside 
this figure. 

13. RESOL Key : Selects or displays the number of significant decimal places 
displayed on the Measurement Display unit during measurements. This 
key also sets the smoothing function on or off. The RESOl key Cdn he used 
any time without loss of measurement data. 

Addi tional inform.ltion about the RESOL key is presented in text outside 
this figure. 

14. EXP COEff Key : Used to enter or display the expansion cocfficien t of the 
material being measured. 

Additional information about the EXP COEFF key is prcsented in tcoxt 
outside thiS figure. 

15. OIR SENSE Key : Reverses the sense of the measurement. For example, if 
the optics are moving apart and the display indicates an incredsing positive 
displacement. pressing the DIR SENSE key wil l result in the same 
movement causing an increasing negative displacement or a decre, ,~i n !:l 

positive displacernent . 

The OIR SENSE key may be pressed at any time without losing: the current 
dat.! . Also, this key rcofleets the current position about Ihe preset va lue. For 
ex.!mple, if the preset value is 5.00000 and the display reads 7.00000. 
pressing Ihe DIR SENSE key will result in a display of 3.()()()()(). 

16. ENTRY Keys. The ENTRY keys allow the user to assign values to certain 
parameters as described ilbove. No measuremen t information is lost when 
entering numbers into the Measurement Display. 

17. lIN[ Switch. When sel to ON. power is applied to the Measurement 
Display unil. the laser Head. and any sensor'i Ih"t art! ronneded to the 
Me<lsurement Display unit . The lASER ON indicators illuminate and the 
laser tube is powered. Also upon application of power. the system starb 
in to d warm-up period during which a self·test diagnostic routine is 
eXPorted. 

Figure ·'6· ·' . 550BA Mea.\urf-'lIlenl Di\play _ I roor Panc/ 
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Figure 16·2. 550BA Me;l5uremenr Display - Rear Panel 
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1. RMT CONT Connector : Connecling point for the 05508-60021 Remole 
Conlrol Unit. See Section 5 of this User's Guide for (;onnection infor­
mation. 

2. MATERIAL TEMPERATURE ConnCC:lor5 : Connecting pOinl (5) for the 
Material Temperature Sensor (s). See Se(;tion 5 of this User's Guide for 
connection information. 

3. AIR SENSOR Connector: Connecting point for thc AirSensor. See Section 
5 of this User's Guide for connection information. 

4. LASER SOURCE Connector : Connecting point for the cable bel ween the 
Measurement Display and Ihe laser Head. Sec Section 5 of Ihis User's 
Guide for connection information. 

If thiS connector is left open when turning on the system, Ihe Measure­
ment Display unit wiU display ''lASr FAil" after it goes through its warm­
up operation (approximately 3 to 10 minutes). 

S. ENGLISH-METRIC Switch; Determines the units of measurements, either 
English (inches, degrees F) or Metric (millimetres, degrees C) . 

The switch selling can be changed, regardless of the Measurement 
Display unit function, without loss of measurement data. It converts all 
temperatures, distances, and related constants while the Measurement 
Display unit remains in the current measurement mode. No RESET is 
required . 

6. IEEE srD 488 PORT Connector: Connecting point for HP-IB cable{s), if 
used. Hp· IB is a Hewlett-Packard Implementation of the IEEE 488Slandard 
Interface. It is used to connect other equipment to Ihe Measurement 
Display unit. The lettering just above the connector indicates the IEEE STD 
488 (HP-IB) c~pabilit ies of the laser measurement System. (Refer to 
Section 3 of the Laser Measurement System's Service Manual for details). 
Refer to Section 2 of the laser Measurement System's Service Manual for 
pin connections, signal names, and 10Bic conventions. Information 
requ ired to use the Measurement Display unit with HP-IB is covered in 
Section 18 of this User's Guide. 

7. POWER LINE Module; Connecting point for line power cord. Also 
contains the line fuse, and a line voltage selector. Details of line voltage 
selection, line fuse selection, ifnd line cords ifre contained in Section 5 of 
this User 's GUide. 
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1. LASER ON Indicator: Indicates when Laser Head is receiving power from 
Measurement Display unit. 

2. SIGNAL Indicator: Indicates that Laser return beam is strong enough for a 
measurement. 

3. LASER EXIT PORT: Source of l aser beam for all measurt!ments. Also, 
destination of Laser return beam for Straightness measurements. 

WARNING 

LASER RADIATION IS EMITTED FROM THIS 
PORT. DO NOT STARE INTO THE BEAM. 

4. LASER RETURN PORT: Dest ination of Laser return beam for Distance, 
Velocity, and Angu lar measurements. 

5. APERTURE CONTROLS: These are located behind both ports in the 
turret. The Exit Port's aperture conlrol has three positions - large 
opening. small opening, and d osed. The Return Port's shutter has two 
positions - open and dosed (which displays a tarst!tllsed for alignment). 

6. TURRET RING: A two-position selector that switches elements in the hit 
and Return beam paths, depending on whether a "STRAIGHTNESS" 
measuremen! is being made. 

7. READY Indicator: Provides a general indication of the laser 's operating 
status. "OU" for about the first half of the warm-up time; blinking during 
Ihe last half (approximatcly) of the warm·up time; "On" steadily when 
Laser tubc is fu lly warmed up and ready for usc. 

Figure 16-3. Laser Head - Frollt alld Rear 
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1. RESET Key : Same as Measurement Display unit 's RESET key. Erases all 
measurement da ta taken up to the time it was pressed. Releases laser 
Measurement System from HP-IB control (if it was operating under HP-IB 
control ). Clears error message, if one is being displayed. Returns laser 
Measurement System to most-recently-chosen measurement mode. 

NOTE 

The RESET key clears only the measure­
ment data. A va lue entered via an ENTRY 
key wi ll not be changed by RESET. 

Additi onal information about the RESET key is presented in text outside 
this figure. 

2. RECORD Key: Ea ch time you press this key, you r current measurement 
data is recorded on an external reco rder connected to the Measure­
ment Display unit via the HP-IB (I EEE STD 488 PORT) connecto r. Thi s is a 
.. manual-on ly" fun ction . and operates independentl y of the Measure­
ment Display unit's "AUTO RECORD" key. 

3. M eter : This meter provides beam-strength indica1ion. It duplicates the 
Measurement Display unit's BEAM STRENGTH meter. 

4. Connector : This connector mates with the Measurement Di sp lay unit 's 
rear-panel RMT CONT conneclOr. 

Figure 16-4. Remote Control Uni/ 05508-60021, Controls, 
Connector. and Indicator 
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MORE ABOUT THE RESET KEY 

When you press the RESET key, all measurement data tha t was taken until then is erased; if the 
Laser M easurement System was operating under HP-IB control, it w ill be returned to LOCAL 
control. 

While you continue holding the RESET key in. the display fills wi th " O'''s. 

When you releilse the RESET key, the l aser M easurement Sys tem returns to the last measurement 
mode selected be fore RESET was pressed. 

NOTE 

The RES ET key d ears only the measurement data. H user­
se lected va lues have been entered via the M easurement Display 
unit 's ENTRY keys, these values wi ll I,ot be changed by RES ET. 

If you press RESET while viewing a temperature sensor value. resolutio n number, etc., the 
Measuremen t Display un it will return to the most-recent ly-selected measurement mode. 

The RESET key must be used to cl ear an y "Erro r" message that was not caused by inco rrect use o f a 
SET UP key. If the causc of such an error is not eliminated, pressing RESET will cause the Laser 
Measurement System to return to its previously selected mode o f operat ion, and the same error 
message will aga in be displayed. Except fo r a sensor-caused error, the message will reappear 
almost instantly; for a sensor-caused erro r. the message wil l take up to three seconds to appear. 

MORE ABOUT AUTO RECORD 

This key provides a way for you to record data o n an e)[ ternal device at a rate you choose. via 
HP-18. HP- IB (Hewleu -Pilckard In terfa ce 8us) is Hewlett-Packard Company's implementatio n of 
the IEEE Standard 486 Interface Bus. 

To use the AUTO RECORD fu nct ion, connect an HP-IB compatible device to the IEEE STD 486 
PORT connector on the M easurement Display unit 's rear panel. The recording device should be 
configured as an HP- lil l istener . using instructions in its O perat ing Manual. For ma rc info rm ation 
about HP-IB termin ology and capabilit ies, see the " Data Transfer 10 E)[ l ernal Dev ices" 
descrip tio n, in Sect ion 3 of the Laser M easurement System's Service Manual, 

NOTE 

To trans fer data to a device confiHured in its HP-IB " listen O nly" 
mode. the M easurement Displ ay unit must be configured in its 
"TALK-ONLY" modc. Sec Section 18 fo r inst ru ctio ns on select­
ing the " TALK-ONLY" mode. 

Selecting the Auto Record Output Rate 

You can se lect any time increment in the no minal range of 0.05 second to 12 seconds in steps of 
0.05 5econd; however. the time increment you choose should not e)[ceed the Illax imu m input 
rate of Ihe listening device. 

AUTO 
RECORD 

Pressing "0 AUTO RECOR D" transfers data to Ihe l istening device at the 
ra le of the slowes t listening device. If a data sample has been 
completely tra nsferred, then at the end of a Measurement Display un it 
update cycle. the updated display value wil l be held and made available 
for transfer. 
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NOTE 

HP-IIJ ERRORS can occur when listener rates are not compat ible. 
During 3ulO record, the " lr Error" (listener error) will be 
displayed when an allempt is made to outpul a data sample while 
the previous data sample has not yet been completely accepted 
by the HI'-lU listener. This error will not occur if there is no 
li stener connected and the Measurement Display unit is con­
figured to Talk-Only on HP-IB. 

To record limed samples, enler the time increment w ilh the ENTRY keys, then press Ihe AUTO 
RECORD key. The RCD indicator willlighl, and the current display will be transmitted over the 
HP-JB bus once per selected lime increment. For example, 2AUTO RECORD will cause an ou tput 
sample every 2 seconds. To turn off the aula record, press AUTO RECORD. 

MORE ABOUT THE SET UP KEYS 

General 

The six SET UP keys allow you to disp lay and/ or enter numeric values associated with various 
characteristi cs of the me,,~urement you are making. 

The general procedure for displaying the value associated with ,lOy of these keys Is to simply press 
the key. Typically, the va lue will continue to be displayed until the key is pressed again, or until 
you change the measurement mode. Some keys have several different values associated with 
them, and wi l l display each va lue on successive presses of the key. 

The !Sen era I procedure for entering a value for any of these keys is to use Ihe ENTRY keys to set up 
the numeric value, and then press the SET UP key to which you want that number assigned. 

When thc value associated with any key is incorrect, either because thc number you entered is 
nOI allowed, or because a sensor returned an oUI-of-range value, an "Error" message usually 
result s. A complete lisl o f "Error" messasges is given in Section 17 of this User'sGuide. and in thc 
laser Measurement Systcm's Service Manual. Two of Ihese messages - " Or Error" and "Ur 
Error" - arc associated with manual entry of data . 

If Ihe number you try to enter for any SET UP key is not allowed for that key /in your current 
measurement mode), Ihe message "Or [rror" or "Ur Error" will be displayed. 

"Or Error" indicates that the va lue you tried to enter was 100 large. 

"U r Error" indicates that the value you tried to enter was either too sma ll , or was negative where a 
negativc value is not allowed. 

In response to either an " Or Error" or a "Ur Error"-

1. Press again the SET UP key that you were using. 

Thi s will cause the "Error" message to be replaced with a number that represen ts Ihe 
maximum va lue in Ihe direction of the error. 

If you don't want to accept the " limit" value as the value to be assigned to the particular SET 
UP key you are using, use the ENTRY keys 10 specify a new numeric value. 
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2. Press again the SET UP key that you were using. 

The number being disp layed (if it is within the limits for that key at in that measurement 
model will be ass igned 10 ThaI key. 

More About the Preset Key 

This key allows you to enter a number that will be used to modify the " raw" measurement results 
produced by the Laser MeasuremenT System. You can store one "preset" number for each major 
measurement type (DISTANCE, VELOCITY, ANGLE, STRAIGHTN ESS). Table 16· 7 shows how 
these preset values are applied to the measurement results, and the default va lue and limits of 
each. 

You can usc the PR ES ET key at any time without loss of measurement data. Changing a preset 
va lue in anyone part icular mode docs not affect the preset value for any o ther mode. 

Entering a Preset Number 

See "GENERAL" information for SET UP keys, above. 

Viewing a Preset Number 

To find oul what the current preset number for your measurement mode is, all you have to do is 
press PRESET. Thi s number will remain disp layed until you either press PR ESET again or until you 
press the key to ca ll up some other measurement mode. 

Display 
shows 

DEFAULT 

RANGE 

NOTE 

To display the preset value for any mode other than the current 
one, you will first have to press the key corresponding to that 
mode. 

Table 76·7 Preset Key Functions Default Values and Ranges , 

DISTANCE VELOCITY AN GLE STRAIGHTNESS 

Measured Measured Measured Measured 
Displacement Velocity Angle Displacement 
+ Preset + Preset X Preset X Preset 

0 0 1 1 

±SO,OOO mm ±20,OOO mm/ min O· to 2 O· to 2 
(±2,OOO in ) (±720 in/ min) 

• Measurement Display unit will accept "zero" as a multiplier for ANGLE or STRAIGHTNESS, 
without giving an error message. However, your measurements wi l l not be displayed, since any 
measurement va lue multiplied by zero will result in a zero value. 

16·9 
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More About the MA TL TEMP KEY 

The Millerial TemperalUre Sensors are used 10 co mpensate for thermal expansion or contraction 
of the material being measured by the laser Measurement System. You can lise the MATl TEMP 
key at any time {without losing of measurement data ) to -

a. display the average temperature of all sensors connected , -

b. display the temperature of each individual se nsor connected, -

c. display the default average lernpf'rature value (20oC or 68°F) if all se nsors are 
disconnected, -

d. enrer an averase workpiece temperature when all sensors arc di sconnected. 

The range of the 10757A/ !J /C Material Temperature Sensor is 0 to 40°C ~ 32 to 104°F), When a 
sensor reaches a temperature outSide this range , an appropriate error messase is di splayed by the 
Measurement Display unit. See Section 17, "ERROR MESSAGES" for explanation of these 
messages. The same e rror messages are used when a tempera lUre signa l error occurs due to a 
hardware failure. 

To Display the Material Temperature 

To display the material temperature. press the MAll TEMP key. 

The firs t time this key is pressed , an "A" {indicating "average" ) appears on the left-hand side of 
the display, and the tempera ture (fixed to two decimal places) is shown on the right , followed by 
a "e" or an "F" (centigrade or fahrenheit ), depend ing on the setting of the ENGLISH-METRIC 
switch. 

Each successive press of the MAll TEMP key will display Ihe temperature of the sensors, in the 
order " 1", "2" , "3". If the next se nsor to be read is not connected, the Measurement Display unit 
will skip that reading. Thus, if only sensors "1" and "3" are connected, successive prcsses of 
MATl TEMP wi ll give the average temperature, the temperature at sensor "1", the temperature at 
sensor "3", and a return to the measurement mode. If no sensor is co nnected, successive presses 
of MA Tl TEMP wi ll show the average temperature and then return to the measurement mode. 

If you select some other function while the temperature of a particu lar scnsor is being displayed , 
and then press MAn TEMP, the display will go back to showing the temperature of that sensor; 
successive presses of MATL TEMP will cycle through the sensors and "average", as described 
abovc. 

For example, assume that all three Material Temperature sensors are connected, and that the 
temperature of sensor number "2" is being dIsplayed. If you then press the VELOCITY key (to 
fi nd ou l how (as t the optics are moving ), and then press the MAll TEMP key again. the 
temperature at sensor number "2" will be di splayed again. Successive presses will then display 
the temperature at sensor "3", and then a return to mode. 
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To Enter A Material Temperature 

See "GENERAL" information for SET UP keys, above. 

NOTES 

1. The Measurement Display unit accepts a manually-entered 
MATL TEMP value on ly when no Material Temperature sensor is 
connected at ils rear ptlncl . 

2. The M easurement Display unit assigns any manually-entered 
MA TL TEMP value it accepts as the " average" MA TL TEMP value. 

3. The allowable range of values fo r MAli. TEMP is -

4. If no Material Temperature sensor is connected to the Measure­
ment Display, and you do not manually enter MA TL TEMP value, 
the "standard" value (20°C, 68°F) is automatica lly assigned. 

If you try to enter a material temperature va lue while a Material Temperature sensor is connected 
to the Measurement Display unit, the value you enter will be ignored, and the average of the 
temperature(s) from all connected Material Temperature sensors will be used. Since the 
averaging process can take up to 3 seconds, pressing MAn TEMP shortly after you " enter" a 
temperature in this case may allow the entered temperature to be seen for a short l ime. 

The only exception to the above statement is when a sensor error occurs, due either 10 an "out ­
of- ran ge" condition or a malfunction. When thi s type of error occurs, a sensor error message is 
displayed. The next time you press MATL TEMP, an " ERROR" will be displayed, indicating a 
problem wi th onc of the sensors. Successive pressings of MA TL TEMP wi ll cause readings from 
"good" sensors to be displayed, in the usual sequence; there will be no reading from any " bad" 
sensor, just as if the sensor was not connected . 

More About the V.O.L. key 

The V.O.L. key is used to display or enter the " Velocity-of-Ligh t" Compensat io n number. The 
V.D.L. number is used by the Measurement Display unit to correct for the chan!::!:! in laser 
wavelength due to atmospheric conditi ons. The V.O.L. number used by the Measurement 
Display unit is " O.999abcd", however, only the " abcd" part o f this number is disp layed on the 
Measurement Display unit, in the form " abc. d". The Measurement Display unit multiplies 
measurement data by the V.D .L. Compensation number befo re the data is displayed. Velocity­
of-Light Compensat ion is necessary for Distan ce and Velocity measurements onl y. 

The V.O.l . number is derived from measu rements provided by the Air Sensor. If the Air Sensor is 
not used, the V.D .L. number defaults to "728.8". The DEFAU LT VALUE (726.6) corresponds to 20 
degrees C (66 degrees F) air temperature, 760 mm (29.921 inches) HIS air pressure, and SOX, relative 
humidit y. 

16-11 
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To View the Current V.O.L. Compensation Number 

To view the current compensation number, just press the V.O.L. key. 

Successive presses of V.D.l. will give the air temperature, the air pressure, and finall y the air 
humidit y, as shown below. 

Air Temperature : E x x. x XCH E x x. x x FI 

Air Pressure: p x x. x x I or I p x x. x x 

mm in 

Relative Humidity : H 

Since all three va lues are provided by the Air Sensor, they are either all present or all absent , 
unless a sensor error or failure has occurred. If the Ai r Sensor is used, the compensation number 
is updated approximately every three seconds by the Measu rement Display unit. 

If you select some other function while an Air Sensor value is being displayed, and then press 
V.O.L.. the display will go back to showing the last displayed Air Sensor value; successive presses 
of V.O.l. will cycle through the Air Sensor values, as described above. 

For example, if the air pressure is being monitored, and you want to momentarily select another 
function , when the V,Q,l. bullon is pressed again, the (irst data displayed will be the air pressure. 
Successive presses of the V.O.L. key will then give air humidity and then a return to the current 
measurement mode. 

To Enter A V.O .L. Compensation Number 

See "GENERAL" info rm ati on for SET UP keys, above. 

NOTES 

1. The M easurement Display unit accepts a manually-entered 
V,O.L. va lue only when an Air Sensor is not con neCled at it s rear 
panel. 

2. The allowable range of va lues for V.O.L. is-

" 0" to "999,9" 

The Measurement Display unit will also allow you to enter the 
value " 1000.0" . Thi s is a specia l case that sets the V.O,L. 
compensation number to " 1.0000000"; i.e .; there is no com­
pensation. 

), If an Air Sensor is not connected to the Measurement Display , 
and you do not manually enter a V,Q.L. compensation factor ; 
the compensati on for "standard " air temperature, pressu re. and 
humidity is assigned; this value is "728.8", 
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"Standard" air temperature is 20 0 e (68°F) press ure is 760 mm 
(29.921 ) I-IS humidity is 50% 

If you try to enter a V.D.L. compensation number while an Air Sensor is connected to the 
Measurement Display unit, the value you enter will be ignored, and the va lue derived from the 
Air Sensor 's inputs will be used. 

When an Air Sensor error occurs, the appropriate message immediately appears on the display 
(unless there is a higher priority error) and the next press of the V.D.L. key witl yield "C Error" 
indicating that an error condition exists with one of the air sensor measurements. Success ive 
presses will display the valid air sensor data, and pass over the invalid sensor data. 

NOTE 

Connectin g or disconnecting the Air Sensor during a measure­
ment may result in a measurement error. 

More About the RESOL key 

This key allows you to select or display the number of significant decimal places displayed on the 
Measurement Display unit during a measurement. This key also sets the "smoothing" function 
"on" or "off". 

You can use the RESDl key at any time, without loss of measurement data. 

To Display the Resolutio n Value 

To display the current resolution value, just press the RESD l key. Pressing the key again sends the 
laser Measurement System back to the cu rrent measurement mode. 

Resolution limits are different for each measurement mode, and, except as noted below, English 
unit resolution is one place greater than the metric equivalent. You can see thi s by viewing the 
current resolution and switching the ENGLISH/ METRIC sw itch o n the Measurement Display 
unit's rear panel from one position to the other. Except as noted below, changing the 
ENGLISH/ METRIC switch setting does not change the smoothing fun ction . 

To Specify a Resolution Value 

See "GENERAL" information for SET UP keys, above. 

SMOOTHING 

Measurement data ca n be averaged by the Measurement Display unit to redu ce the amount of 
number-changing you see in the display. This is called "smooth ing". 

To turn smoothing " o n", enter the resolution number you wan t, as a positive nurnber (i.e., just 
enter the number ). 

To turn smoothing "off", enter the reso lution number you want as a nega tive number (i .e., 
precceded by the "_" key in the ENTRY key group ). 

16-13 
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EXAMPLE (Distance mode with English units selected): 

(RESO~ 
sets the display to four places after the decimal point, with smoothing on. 

EX AMPLE (Distance mode with English units selected): 

n n 8 sets the d;splay U L..:..J RESOL smoothing off. 

More About the EXP COEFF key 

to five places after the decimal point, with 

You can use this key to enter or display the expansion coefficient of the materiill being measured. 
The expansion coefficient is expressed as parts-pcr-million-per-degree of temperilture, ("ppm"). 

You can use the EXP COEFF key ilt any time, without loss of measurement datil. 

To View the Expansion Coefficient Value 

To view the cu rrent expansion coefficient va lue, just press the EXP eOEFF key; the value will be 
displayed until either the EXP eOEFF key is pressed again (thus returning to the curren t mode) or 
another key is pressed. 

To Enter an E:tr:pansion Coefficient Value 

To enter an expansion coefficient value -

See "GENERAL" information for SET UP keys, above. 

NOTE 

The range of values you can en ter for this key is " -720" to 
"(+)720" (ppm), in ei ther mel ric or English units. If no value is 
entered. the value "0.0" is automatically assigned. 
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SECTION 17 
ERRORS AND ERROR MESSAGES 

Table 17-1 provides a listing o f the lase r Measurement System 's error messages, their meanings, 
and action you can take to try to eliminate the error. 

If performing the indicated "Act ion" does not eliminate the error, refer to the laser Measurement 
System 's Se rvi ce Manual. 

Table 17-1 . Laser Measuremenr Sysrem Error Messages 

M essage Meaning Action 

A Error Error in "avera ge" value of MATl This mea ns that you are tryi ng to view the 
TEMP avera ge rnaterial temperatu re, but one o r 

more material temperature sensors arc indi-
cating an error. Cycle through the MATERIAL 
TEMPERATURE key to determine which sen-
50r(s) is bad. 

Thi s error should be clea red, without loss of 
measurement info rmation, by removing the 
bad sensor. Unplug the bad sensor(s) and 
have it repaired. 

If the error condition persists, th e M easure-
ment Disp lay may need service. 

AE Error Error in "temperature" va lue from Thi s error shou ld be clea red , without loss of 
Air Sensor (see V.O.L. information ) measurement infonna ti on, by removing the 

bad senso r. 
AH Error Error in " humidity" va lue from Air 

Sensor (see V.O.l. information) Unplug the Ai r Sensor and have it repaired. 

AP Error Error in " pressure" value fro m Aif If the problem persists, the Measurement 
Sensor (see V.O.l. informat ion) Display may need se rvice. 

C Error Compensation error (due to a sen- This means that you are tryin g to view the 
sor efror) (see V.O. L. info rmation ) Ve locity-of-l ight Compensa tion value, but an 

Air Sensor error (i.e. air temperature , pres-
sure, or humidity ) prevents the M easurement 
Display from calcu latin g that va lue. Cycle 
th rough the V.O.l. key to determine which 
part (s} of the Air Sensor is bad. 

Th is error shou ld be deared, without loss o f 
measurernent information , by rernovi ng the 
bild sensor. Unplug the Air Sensor and have 
it repaired. 

If the error condition persists, the M easure-
men t Disp lay rnay need servi ce. 

17·1 
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Table 17-1. Laser Measurcmcnr System Error Messages 

MesSilige M eaning Action 

FAIL 1 Failed part of Measurement Display Cycle the power swi tch on the Measurement 
Power-up Self-Test Display again. H the error condition persists, 

unplug all cables from the rear of the Meas· 
FAIL2 Failt.'<i part of Measurement Display urement Display. one by onc, and cycle the 

Power-up Self-Test power each lime. In this way you can deter-
mine which, if any of the external sensors of 

FAIL 3 Failed part of Measurement Display the Laser Head is causing the problem. Have 
Power-up Self Test the bad inSlrument repaired. 

FAIL 4 Failed part of Measurement Display If this error condition persists with all external 
Power-up Self Test cab les disconnected, h;lVe the Measurement 

Di sp lay repaired. 

These errors cannot be cleared and a meas-
urement cannot be made unless an action 
taken above results in their removal from the 
Display. 

Hd Error Ldse r Head error Press RESET on the Measurement Display. 
This may clear the problem (but with a cor-
respond ing loss of measurement informa-
tion l. 1f HD Error is not cleared by the RESET 
key. cycle the power on the Measurement 
Display and wait for the Laser Head 10 warm 
up again. 

This errOl can on ly be cleared by resetting 
Display, and resu lts in a loss of measurement 
data. 

LASr FAIL F1clshes instead of " LASr UP" when Make sure the laser Head is connected to 
the La se r Head is not yet ready for the Measurement Display by the correct 
operation at the end of the warm· cable. Verify ''lASER ON" LED's are lit on 
up countdown. the laser Head. If not , the l aser Head may 

not be receiving power from Ihe Meilsurl;~· 
rm:mt Disp lay, or there may be a fau lt in the 
Laser 1·l ead. If the LASr FAil persists after 
cycling the power, the problem is probably 
in the Laser Head, and cannot be cleared, and 
a measurement cannot be made. 

lr Error HP-IB Problem You have picked an t-Ip. JB sample rate that is 
too fast for one or more of your HP-IB lis-
teners. Verify tha t all HP-IB devices are prop-
erly configured on the bus. If they are OK, 
then slow down the sample rate to accom-
modate the slowest device on the HP-IB. 

This error Colt) be cleared without loss of meas-
urement information by pressing any key 
on the keyboard (except the RESET key). 

Or Error Overrange error. Value is larger Press the key again and the Display will show 
(or more posi tive) than allowed. you the maximum allowable value for that 

key . (nter a value less than the maximum. 
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Pl Error 

P2 Error 

P3 Error 

PA Error 

Pr Error 

Sl Error 

Model 5528A 
Errors and Error M essages 

Table 17-1. l aser Measuremenr Systcm Error Mcss<lges (Con/inued) 

Meaning Action 

Error in valuc from Material Tem- The operil ling tempera ture o f the materia l 
perature Sensor Number 1 temperature sensor specified is out of its 

range, or there is a fault in the material sen-
Error in va lue from Material Tem- sor. Remove the bad sensor and verify that 
perature Sensor Number 2 the error condition goes away. If so, have 

it repaired . If not, the Display may need 
Error in va lue from Material Tem- servicing. 

perature Sensor Number 3 
These errors can be cleared without loss of 
measurement informat ion by removing the 
bad sensor. 

Path Error - Measurement Path Make sure the Beam strength meter on the 
return beam has been interrupted. Measurement Display points to the green 

region over the entire length of the meas-
urement travel. If not , improve the align-
men t. The beam must not be broken at any 
lime during Ihe measurement, and the Beam 
Strength meter must not point into the red 
region, or, PA Error will appear and measure-
ment data will be lost. 

This error can only be clea red by reselling 
the Measurement Display, dnd results in a 
loss of measurement data. 

Programming error The MC,lSurement Display has received an 
HP- IU command that II doe~n ' T recognize, 
or a misuse o f an allowed commdnd. Care-
fu ll y check your programming instructions 
and refer 10 the Service Manual for proper 
syntax and application. 

Thi s error can be cleared, wiThout loss of 
measu rement data, by pressing any key on 
the keyboard (except the RESET kt!y). 

Signal l oss error. May indicate ra te Make sure the optics do not exceed I he 
of Opt ic movement (during vc1o- rated maximum velocities shown in th is User's 
cily measurement) is too high, or Guide, in each M easurement SecTion. A lso 
there is a problem in the measure- make sure the Beam Strength meter on the 
ment path. Measurement Display points to the "green" 

region over the entire length of the measure-
ment travel. If nOI, improve the alignment. 
The Beam Strength meter must nol po int 
into the red region at any time during a 
measurement. 

This error can only be cleared by resett ing 
the Display, and results in a los!> of measure-
ment data. 
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Table 17-1 laser Measuremenl Syslcm Error Messagcs (Col1linued) 

Message Meaning Adion 

Sr Error Sample Rate too high You are requesting sampled data over the 
HP·IB (via AUTO RECORD) faster than the 
Display can calcu late new values to display. 
Refer to the Service Manual Specifications 
for mcasurement mode updalc rale informa-
tio r,. You must not exceed these rates with 
your AUTO RECORD time interval. 

This error can be deared withoul loss of 
measuremen! data by pressing any key on 
the keyboard (excepl the RESET key ). 

55 Error Failed parI of Measurement Dis· Cycle Ihe power switch on the Measurement 
play Power-up Se lf-Test Display. If the error condition persists, unplug 

all cables from the rear of the Display, one 
by one, and cycle the power each time. In 
Ihis way you can determine which, if any, of 
the external sensors or the laser head are 
causing Ihe problem. If the error condil ion 
persisls with all external cables disconnected. 
have Ihe Measuremcnl Display repaired. 

This error ca nnot be cleared and a measure· 
ment cannot be made unle~s an action taken 
above results in its removal from the Display. 

Ur Error Underrange error. The value ;, Press the key again and the display will show 
smaller (0' more negat ive) than you the minimum allowable value for Ihal 
allowetl . key. Enter a value grealer than the minimum. 
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DATA TRANSFER WITHOUT AN HP-IB CONTROLLER 
DATA TRANSFER WITH AN HP-II) CONTROllER 

INTRODUCTION 

This User's Guide seaion provides a simplified description of the HP-IU and the Laser Measurement 
System's HP-IB capabilities. It also provides instructions on how to use a Printer with the Laser 
Measurement System via the HP-IB, and how to connect an externa l HP-IB controller. 

for information about use of the Laser Measurement System with an externa l HP- 113 controller, see 
the Laser Measurement System 's Service Manual . 

DESCRIPTION 

The Laser Measurement System can be used with the I-Iewlen-Packard Interface Bus (HP-I Bl. HP­
IB is Hewlelt-Packard 's implementation of IEEE Standard 468-1978 , "St<lndard Digital Interface for 
Programmable Instrumentat ion". HP-IB capabili ty gives you an easy way to send your 
measurement data 10 a recording device; it also enables more-automated applications, since it 
allows the Measurement Display unit 's functions to be completely cont rolled from an external 
contro ller. 

An HP-IB compatible device is used in an HP-IB system in one or more of the followin~ ways 

• As a LISTENER, a device must be capable of acceptir'8 data from the interface. 
Examples of listeners are primers and plotters. 

The Measurement Display unit has limited listener capabi l ity. 

• As a TALKER, a device must be capable of outputting data to the interface. Examples 
of Talkers are voltmeters and tape readers. 

The Measurement Display unit has full talker capability. 

• As a CONTROLLER, a device must be capablc of specifying the Talker and 
listener(s) of a data transfer (including itself). 

The Measurement Display unit has no controller capabil ity. 

The two major categories of HP-IB systems are those with , and those without, a " controller". Each 
type of system is described separately below. 

A typical example of an HP-IB system wi thout a controller is simply connecting the Laser 
Measurement System to a suitable Printer. A typical example of a HP-IB system with a controller is 
one in which the Laser Measurement System is connected to an HP Personal Calcula tor that has 
been sct up to act as a controller. 
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A listing of the Measurement Display uni t's HP-IB capabilities, in terms of Ihc IEEE 488 Interface 
Function Codes, is given in Table 18·1. 

Table 18·1 Hp·IB Capabilities 

IEEE 
Function 

Code M eaning 

CO No Controller Capability 

T5 Basic Talker, Serial Poll, Talk Only Mode, Untalk If My Listen Address 

l 4 Uaslc Listener, No Listen Only Mode, Un l isten If My Talk Add ress 

5Hl Source Handshake Capabi lity 

AHl Acceptor Handshake Capabi lity 

5Rl Service Requcst Capability 

Rll Remote-local Capability including Local Lockout 

PPO No Para llel Poll Capabi l ity 

DCl Device Clear Capabili ty 

DTl Device Trigger Capability 

El Open-collector Outpu ts 

DATA TRANSFER WITHOUT AN HP-IB CONTROLLER 

Introduction 

The simplest Hp· 1I1 arrangement consists of one " talker" (in this case the Laser Measurement 
System), one "listener" (typically a Printer ), and no "controller". In this configuration, data 
transfer is limited to direct transfer from the " talker" to the " listener". The Measurement Display 
unit is used in its Hp· IB " T ALK·ONl Y" mode. The " Iistener" device must have " lISTEN-ONl Y" 
capabili ty (indicated by IEEE Funcl ion Code ilL'" or " l3"). 

Operation of this type of arrangement requires no programming knowledge. 

Set-Up 

1. Set the Measurement Display unit to TALK-ONlY,-

a. Set the front-panel LI NE switch to OfF. 

b. Disconnect Ihe line cord at Ihe rear of Ihe unit. 

c. Using a POZIDRIV screwdriver, loosen the screw at the rear of Ihe lap cover. 
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d. Slide the top cover rearward and remove it, 

Figure 18-1 shows the location of the T ALK-ONL Y I ADDRESSABLE switch, on the top of 
the top printed circuit board. toward the front of the unit . 

e. The T ALK -ONL Y I ADDRESSABLE switch is the second-from-Ihe-Ieft switch in the eigh t­
swit ch assembly, and is labelled on the printed-ci rcuit board. 

Slide this switch to its TALK-ONLy ("1") position. 

f. Replace the Measurement Display unit's top cover and tighten the screw that secures it. 

2. Connect the Measurement Display uni t to the Printer, using an HP-IB cable. 

The HP Part Number for a typi ca l cable used here begins " 10833", and has a letter suffix "A", 
" A", "C", or " D", that indicates it s length, as shown in Table 18-2. 

Table 18-2 HP-IB Cables 

HP P.ut Length 
Number M etres Fee' 

10833A 1 3.3 

10833B 2 6.6 

10833C 3 13.2 

108330 0.5 1.6 

NOTE: The HP10833x cables 
will mate with HP10631x 
cables having the same 
type of locking screws 
(metric or English). The 
HP10033x cables have RF I 
shielding, the HP10631x 
cables do not. 

a. Connect one end of the HP-IB cable 10 the Measurement Display unit 's rear-panel " IEEE 
STD 468 PORT". (See Figure 5-4 or Figure 16-2 for the loca tion of thi s connector. ) 

NOTES 

• The HP-IB connectors are keyed (by thei r "keystone" shape) to fit 
together only one way. Connectors mate easily, with little force 
required; do not force connectors together. 

• HP-IB ca ble connectors have anchor screws used to secure them 
to HP-IB jacks. The Measurement Display unit requires the metric 
version of these screws. Metric-threaded HP-IB screws have a 
black finish, English-thread HP-IB screws have a silver finish. All 
HP- IB cables are current ly shipped with metric screws. 

b. Connect the other end of the HP-IB cab le to the " l istener" device that is to be used with the 
Lase r Measurement System. 

18-3 
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t ... , 

Hp· tB SWtTCH ASSEMBLY 

Figure 18-1. Location of TALK-ONLY/ ADDRESSABLE .1nd 
I-IP-IB ADDRESS Switch 



Operation 

NOTE 

If more than one " listener" is to be used, conned eacn oftnem, via 
an HP-IB cable, to any available HP-IB port (connector) tnat is 
already pari of the system Ihal includes Ihe Laser M easurement 
System. 

The connector at each end of each HP-IB cable has two sides, 
" male" and " female". The " male" side mates with the HP-IB 
connector on any HP-IB-compatible instrument, or with any otner 
suitable " female" connector. Tne " female" side of the connector 
provides it connecting point for the " male" connector of any 
other HP-IB cable. This allows cables to be stacked to accomodate 
up to 15 instrumenlson the bus. The maximum length of cable thaI 
can be used to connect a group of Instruments should not be more 
than 2 metres (6.5 feet) times the number of instruments to be 
interconneded, or 20 metres (65.6 (eet ), whichever is less. The HP-
18 connector, mating connector part numbers, logic levels, and 
signal name information are given in the laser Measurement 
System's Service Manual. 
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Informatio n required 10 operate a part icular device as an HP-IB Listener is contained in its 
Operating M anual. For example, 10 use a Prinler with Ihe Measurement Display unit , you will 
usuall y have 10 set the Printer to the lISTEN-ONL Y mode; this is usually do ne via it switch located 
o n the Printer's rear panel. (Note, however. that the switch may not necessarily be on Ihe rear 
panel ; that's why you should refer 10 your device's documentatio n to be sure.) 

You can cause the M easurement Display unit to produce an HP-1I1 data outPUt by using the 
M easuremenl Display unit's AUTORECORD key or the Remote Control unit 's RECORD key. (See 
Secti on 16 of this User's Guide (or information about these keys.) 

DATA TRANSFER WITH AN HP- IB CONTROLLER 

Introduction 

All of the Measurement Display unit 's measurement fun ctions can be controlled by an external 
controller, connected via the HP-IB interface. When operated in thi s wa y, -

• commands are sent from Ihe controller 10 Ihe M easurement Display unit, using 
" BUS COMMANDS" and " INSTR UMENT f UNCTION CODE "s. The details of how 
Ihi5 is done are discussed in the Laser Measurement System 's Service Manual. 

• measurement data can be sent from the M easurement Display unit, to o neor more 
devices that have been instructed to " listen" for it. 

When the Measurement Display un it is used with a Controller its " T AlK·O Nl Y I ADDRESSABLE" 
switch must be sello" ADDRESSABLE" , and Its " HP· IB ADDRESS" switches set to the address you 
want to use. 

An example of th is arrangement is the HP Dimensional M etrol ogy Anal ysis System with its HP 
Personal Computer. To install the Anal ys is System, you must use Ihe procedure below. 

Unless you arc using the HP Dimensio nal Metro logy Anal ysis System, o peration of Ihis type of 
arrangement requires some programming knowledge. 
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Set-Up 

1. Set the Measurement Display unit to ADDRESSABLE -

a. Set the front -panel LINE switch to OFF. 

b. Disconnect the line cord at the rear of the uniL 

c. Using a POZIDRI V screwdriver, loosen the screw at the rear of the top cover. 

d. Slide the top cover rearward and remove it. 

figure 18-1 shows the location of the T ALK -ONL Y I ADDRESSABLE switch, on the top of 
the top printed circuit board, toward the front of the uniL 

e. The T ALK -ONL Y I ADDRE SSABLE switch is the second-from-the-Ieft switch in the eight ­
switch assembly, and is labelled on the printed-circuit board. 

Slide this swi tch to its ADDRESSABLE ("0") position. 

2. Set the HP-1I3 ADDRESS SWitches to the address you want. 

The HP-IB ADDRESS sw itches are part of the eight-switch assembly that contains the T ALK ­
ONLY I ADDRESSABLE switch . 

Address switches "AS" through "Al" are set at the fa ctory to address " 03" ("AS", "A4", and 
"A3" arc set to " 0", HA2" and " Al" are set to " 1" ). 

If you have to se lect some other address for any reason, you can usc any address from " 00" to 
" 30"; you cannot use address "31". A complete li sting of all combinations for these switches 
is given in Table 18-3. 

You may want to note what HP-IB address you u~e for your Measurement Display. (This will 
help you when you arc programming your controller to talk to the Laser Measurement 
System. ) 
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Table 18-3 HP-IB Address Switch Set/ings 

Address AS A4 AJ A2 A1 

0 0 0 0 0 0 
1 0 0 0 0 1 
2 0 0 0 1 0 
J 0 0 0 1 1 

4 0 0 1 0 0 
S 0 0 1 0 1 

• 0 0 1 1 0 
7 0 0 1 1 1 

8 0 1 0 0 0 
9 0 1 0 0 1 

10 0 1 0 1 0 
11 0 1 0 1 1 

12 0 1 1 0 0 
13 0 1 1 0 1 
14 0 1 1 1 0 
15 0 1 1 1 1 ,. 1 0 0 0 0 
17 1 0 0 0 1 
18 1 0 0 1 0 
19 1 0 0 1 1 

20 1 0 1 0 0 
21 1 0 1 0 1 
22 1 0 1 1 0 
23 1 0 1 1 1 

24 1 1 0 0 0 
25 1 1 0 0 1 
26 1 1 0 1 0 
27 1 1 0 1 1 

28 1 1 1 0 0 
29 1 1 1 0 1 
30 1 1 1 1 0 
31' 1 1 1 1 1 

• HP- IB address "31" 
is not allowed. 

J. Connect the Measurement Display uni t to the Controller , usinK an HP- IB cable. 

Th e HP Part Number for a typica l ca ble used here begins " 10633", and has a lellersuffix" A", 
" 8", "C", or "0", that indicates its length, as shown in Table 18-4. 

18-7 
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Table 18-4. HP-IB Cables 

HP Pari Length 
Number Metres Feel 

10633A 1 3.3 

106338 2 6.6 

10633C 3 13.2 

10633D 0.5 1.6 

NOTE: The HP106J3x cables 
will mate with HP1 063lx 
cables having the same 
type of locking screws 
(metric o r English). The 
HP10833x cables have RFI 
shielding, the HP1063lx 
cables do nol. 

a. Connect one end of the HP-IB cable to the M easurement Display unit 's rear-panel " IEEE 
STD 488 PORT" . 

NOTES 

• The HP-IB connectors are keyed (by their " keystone" shape) to fil together only 
one way. Connecto rs mate easily, with lillie force required; do not force 
connectors together . 

• HP-IB cable connectors have anchor screws used to secure them to HP-IB jacks. 
The Measurement Display uni t req uires the metric version of these screws. 
Metric-threaded HP-lB screws have a black finish, English-thread HP-IB screws 
have a silver finish. All HP-IB cables are current ly shipped with metric screws. 

b. Connect the other end of the HP-18 cable to the device that is to be used as the 
"controller" in th is system. 

NOTE 

The connector at each end of each HP-IB cable has two sides, 
" male" and " female". The " male" side mates wi th the HP- IB 
connector on any HP-IB-compatible Instrument, or with any 
other suitable " female" connecto r. The " female" side of the 
connector provides a connecting poin t for the " male" con­
necto r of any other HP-I!) cable. This allows cables to be sta cked 
to accomodale up to 15 instruments on the bus. The maximum 
length o f cable that can be used to connect a group o f 
inst ruments should not be more than 2 metres (6.5 feet) times the 
number of instruments to be interconnected, or 20 metres (65.6 
fee!), whichever is less. The HP-IB connector, mating connector 
part numbers, logic levels, and signal name information ilre 
give r, In the l aser Measurement System's Service M anual. 

c. If any other device (such as a Printer) Is to be connected to the system, connec1 it, via an HP-JB 
cable, to any available HP-IB port that is already part of the system. 
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For information about how to use th e HP Dimensional Metrology Analysis System refe r to the 
Analysis System 's Operating Manual. 

For informaTion about how to program an HP-IB contro ller to control the lase r Measurement 
System, refer to -

1. The laser Measuremen t System's Service Manual, for -

• Instrument Function Codes used to contro l the System, 

• HP-IB Bus Commands recognized by the laser Measurement System, 

• Statu s Bytes provided by the laser Measurement System, 

• Information about the la ser Measurement System's Interrupt capabilities. 

2. The documentation for the "controll e r" device, fo r -

• Information about how to creatc the Bus Commands and Instrument Function 
Codes required by the laser Measurement System, 

• Information about how to create (and save) programs (sequences of Individua l 
commands ) that can be used to control the laser Measurement System. 
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SECTION 19 
V.O.L. COMPENSATION FACTOR 

CONTENTS 

INTR ODUCTION 
WHAT IS THE V.O.l. COMPENSATION FACTOR? 
COMPENSATION FACTOR FOR "STANDARD" CONDITIONS 
HOW DO YOU DETERMINE THE V.O .l. COMPENSATION FACTOR? 
HOW DO YOU ENTER THE V.D .L. COMPENSATION FACTOR? 

INTRODUCTION 

You need to know the information presented in this User's Guide section only if both of the 
following are true -

1. You are making a o;stance or Velocity measurement, and -

2. You are not using an air sensor with your laser Measurement System. 

If you are not making a Distance or Vel ocity measurement, or if you are using an air sensor with 
your laser M easurement System, you do nol need to know the information presented in this 
User's Guide section. 

If you are using an Air Sensor with your l aser Measurement System, the compensation numberthat 
is needed will be updated continuously and entered automatically. 

WHAT IS THE V.O.L. COMPENSATION FACTOR? 

The laser M easurement System works by counting wavelengths of the laser beam as the vari ous 
measurement optiCS arc moved. The wavelength, frequency, and velocity of l ight are related as 
follows -

wavelength (per cycle) = velocity 

frequency 

The velocity of light is constant in a vacuum, but va ries in air as a function of the air's temperature, 
pressure, and humidity. Since the frequency of the laser is held constant, the wave length of its light 
will va ry as the light's velocity vari es, and thi s varia tio n in wavelength wilt affect your measurements. 
A one·part-per-miltlon va riation in the veloci ty of li ght can result from any one of the following -

• a 1-degrcc C (2-degree F) change in air temperature,-

• a 2.S- mm (0.1- inch) (of mercury) change in air pressure, -

• an 80% change in relative humidity. 

The distance shown on the Measurement Display unit at any time is equal to the product of the 
l aser wavelength (in un its of " mitiimetres" or " inches" ) times the number of wavelengths counted 
since RESET was last pressed. In practice, this product operation is done in two steps. First , the 

19-1 
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number of wavelengths counted is mUltiplied by a compensation factor, and this result is then 
multiplied by the v .. cuum wavelength of the laser light (in appropriate units). That is -

D = N x CF x Wv 

where -

D = Distance 

N = Number of wavelengths of motion 

CF = the Compensation Factor. This number has the format "O.999abed", where 
"abed" is the four~digit com pensation number you enter for "V.C.L". The 
Compensation Factor represent s the ratio of the Wavelength of light in air to 
the Wavelength of light in a vacuum (WA/Wvl, 

where -

W,. - wavelength in air 

Wv = wavelength in vacuum 

The vacuum wavelength (Wvl is a constant, and is " hard -wi red" into the Measurement Display 
unit's arithmetic unit. The ratio of air wavelength to vacuum wavelength (WA/WIII is a number 
that is always slightly less than "one", and which depends on ambient co nditi ons. 

For example, for air temperature of 25 degrees C (77 degrees Fl, air pressure 01762.0 mm (30.00 
inches) of Mercury (Hg ), and relative humidity of 50%, this ratio is equal to 0.9997329. For the 
operating environment speci fied for the laser, no change will ever occur in the nrstthree digits of 
the ratio; therefore, these three digits are also " hard-wired" inside the Measurement Display unit, 
and you will have to enter only the last four digits of the value, in the format "abc.d" (in this case, 
"732.9"). 

NOTE 

This value would be entered manually as "732.9 V.C.L". 

COMPENSATION FACTOR FOR " STANDARD" CONDITIONS 

If you check the tables in this User's Guide section, you will see Ihal the compensa tion values range 
from about "695" to "832" parts-per-million ("ppm") for metric, and about "702" to "837" ppm for 
English, and that there is no "zero" va lue. This means that you should expect 10 enter some 
correction value for "standard" condilions, even if you don', know what they are. The following 
"standard" conditions are assumed -

Table 19-1. "SrandlJrd" Condirions 

OeKription Metric EnKlit h 

Air Tcmperillure: 20 0 e 68°F 

Air Pressure (H8): 760.0 mm 29.921 in. 

Relative Humidity: 50% 50% 
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The tables in this section indicate that the correction value to be applied for these "standard" 
conditions, for metric or English units, is "728.6", which is the "defau lt" value bui lt into the 
Measurement Display unit for "V.D.l.". Df course, this va lue is not likely to be the correct one for 
your particular conditions; the remainder of this User's Guide section provides detai ls about how to 
make a more exact determination of the compensation number. 

NOTE 

If you do not use an Air Sensor ,and do not manually enter a V.D.L. 
value, "728.8" (the value for "standard" conditions) is automati­
ca lly used. 

HOW DO YOU DETERMINE THE V.O.L. COMPENSATION FACTOR? 

1. SENSOR CONSIDERATIONS 

To determine a V.D.l. compensation value, you must first determine ambient temperature, 
pressure, and relative humidity. 

You should place your sensing devices so that they measure the environment close to the measured 
path. You should also be sure to allow enough time for the sensors to stabilize. The accuracy with 
which you determine your compensation number (and, thus, the accuracy o f your Di stance 
measurement) will be no beller than the accuracy with which you measure your ambient 
conditions, so your sensors should be accurate. As a guide, an error of one part-per-million wi ll 
occur in the distance measurement for each error of -

• 1-degree Celsius (2 degrees Farenheit ) in air temperature, or -

• 2.5- mm (0.1 inch) of mercury in pressure, or -

• 80% of the relative humidily. 

2. " ABSOLUTE" PRESSURE VERSUS " ADJUSTED" PRESSURE 

The ambient pressure used in determining your compensation number must be "absolute" 
pressure, not "adjusted" pressure (which is usua lly absolute pressu re that has bcen "corrccted" 
10 sea level"). 

" Adjusted pressure", as defined here, is the absolute pressure that you wou ld measure at a given 
locat ion, if that location was at sea level and the weather conditions were the same. Suppose, for 
example, that you were in Denver (Colorado, U.S.A.) at a time when the weather report sa id the 
pressure was "762 mm" (30.00 inchesl of mercu ry. If this were an "adjusted pressure," and since 
Denver's altitude is about 1.5 km (5000 feCI ), Ihe absolute air pressure there and then would be 
closer to 635 mm (25 inches) of mercury. 

To measure pressure, you need an absolute pressure indica tor , which is equivalent to a barometer 
that has not been correoed to sea level. When such a pressure indica tor is not readily avai lable, you 
can make a reasonable approximation to absolute pressure by reducing the adjusted pressure 
obtained from the nearest weather stat ion (at the local airport, for instance) by 2.5 mm (0.1 inch) of 
mercury for ea ch 30 metres (100 feel) of altitude. ThaI is -

PABS "" PADJ -
altitude x 2.5 PASS = PADJ -

altitude X 0.1 

'" 100 
(for metric units) (fo r Engli sh units) 
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Where PABS is the absolute pressure. and PADJ is the adjusted pressure. 

Note that the altitude of the weather stat ion is not considered here, since the number they report 
has already been corrected to sea leve l by the station. 

3. USE OF COMPENSATION CHARTS 

In most cases, you will find the velocity-of-light compensation number thaI is to be entered 
manually somewhere in Table 19-3 through Table 19-52. If you ca n't find your measurement 
conditions in any of these tables, you will have to calcu late the compen sation factor. Instructions for 
doing this are presented below. 

The v.o.l. compensation value tables are divided into a " metric" group (Table 19-3 through Table 
19-27), and an "English" group (Table 19-28 through Table 19-52). This is done as a convenience for 
you, since the V.O.l. compensation number is a ratio (without units) that is the same, regardless of 
the measurement system you are using. 

Table 19-3 and Table 19-28 are wide-range charts offering coa rse compensation numbers for non­
precision measurements. Table 19-4 through Table 19-27, and Table 19-29 through Table 19-52 are 
more-detailed charts, progressing from " low" to " high" altitudes, and from " low" to " high" 
relative humidity. 

To find the V.O.l. appropriate compensation factor table, refer first to Table 19-210 find the group 
of tables for your humidity and altitude. Then look at the headings for those tables to find the one 
for your temperature range. You 'll find the compensation number where the row and column for 
your measurement conditions intersect. If the table you should be using doesn't have the exact 
value for your measurement, you can ca lcu late the value you need by interpolating between the 
values given. 

Table 19-2. Guide to Compe/1sation Tables 

Re lative Alti tude Table Number 
Humidity Killlge Metric English 

(NOTE 1) (NOTE 2) 

50% Wide J lB 
20% low 4-7 29-32 
20% Hi gh 8- " 33-36 
50% low 12- 15 37-40 
50% Hi gh 16- 19 41 -44 
60% l ow 20- 23 45--48 
60% High 24-27 49- 52 

NOTES 
1. " low" altitude -

720-800 mm Hg, 27-31 in Hg 

" Hi gh" alTitude ,.. 
640- 720 mm Hg. 23-27 in Hg 

2. For complete table reference dc~ignation , add 
"Table 19-" to number listed below. 
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4. CALCULATION OF EXACT COMPENSATION FACTOR 

If the l aser Measuremen t Syslem is being operated in an envi ronmenl thai is not included in Ihe 
tables in this User's Gu ide section, you can calcu late the exact compenSJtion factor by usi ng the 
following formulas to an accuracy of 0.1 ppm. 

CAUTION 

The accur;,u:y of your hser System Measu rement is ill function of 
your ability to provide it with the correction compensation factor for 
your mea5Urcment conditions. When determining the com­
pensation fador by ulculation rather thlln by using the com­
fH!nsation fllclor tllbles, the result you get de pends on the 
resolulion of the equipment on which you mllke your calculation 
and on your ability to ofH!rale it withoul error. You will be workins 
with numbers that are very small and numbers that are very large; 
even the smallest error can have ill significant effed on the 
accuracy of your answer, and any error Is extremely dlfflcuilio 
detect or (rillce. We strongly suggest thill' you make a " practice" 
run, using vililues from any of the compensation value tables, to get 
ill feeling for whillt is required. 

In the formulas below -

T = Air Temperature 

P "" Air Pressure 

1-1 = Relative Humidity 

C "" Compcnsation Factor, to be entered manually , via the Measurement Display unit's 
front-panc l keys. 

10 12 
C = -- - 999000 

N+10 6 

where "N" is givcn in metric and English systems by -

Melric : T in degrees Celsius, P in millimctrcs of mcrcury, 1-1 in 'X> 

N "" 0.3836391 P X 
[

1 + 10 -6 P (0.817 - 0.0133T) ] 

1 + 0.OO36610T 
- 3.033 X 10 ~ J H [c 0057627T] 

English : T in degrees Farcnheit, P in inches of mercury . 1-1 in 'J{, 

N "" 9.74443P X [1 + 10 -6 P (26.7 - O.l B7T ) ] _ 1.089 X 10 - J H [c 003201ST] 

0.934915 + O.OO20388T 

19-5 
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EXA MPLE: 

Using the " standard" conditions,-

Humidity = 50% = "1-1" 

Pressure (absolute) = 760 mm Hg = "P" 

Temperature = 200 ( = " T" 

we will calculate the compensation factor, using the Metric formula for finding " N", and showing 
all our work . 

O.0133T ~ 0.266000000 
0.81 7 - (#' ) = 0.551000000 

P X 10 II X (#2) = 0.000418760 

0.0036610T - 0.073220000 

1 + ('5 ) ~ 1.073220000 

('4 )/('6 ) ~ 0.932165595 

0.3836391 X P X (li7) = 271.7875292 

e Q,057267T = 3.143409969 

1-1 X (#9) = 157.1754985 

3.033 X 10 - 3 X (#10 ) :::: 0.476737287 

('8)- ("' ) ~ 271.3108159 

(#12) + 10 e = 1000271.311 

10 12 
~ 999728.7626 

('13 ) 

c ~ (#14 ) - 999000 - 728.7626 - 728.8 

(" I 
('2) 

('3 ) 

('5 ) 

('6) 

('7) 

(li8) (Save) 

('9) 

(#10) 

(", ) 

(#12 ) 

(013) 

("4) 

(#15 ) 

(for comparison, the answer we were looking for in this example just happens to be 
" 728.8") 



Model 5528A 
V.D .L. Compensation Factor 

HOW DO YOU ENTER THE V.O.L. COMPENSATION VALUE? 

Enter the Velocity of light compensation va lue by pressing the following Measurement 

Di'pl.y key, - 0 8 [] 0 [J 8 
NOTE 

The number you enter represents the las t four digits ("abed") of a 
seven·digit fraction having the form " O.999abcd". This number is 
the ratio of the veloci ty of light at your measurement location to 
the ve locity of li ght in a vacuum. The first three digits in the 
fraction ("999" ) are built into the Measurement Display unit 's 
memory, and can't be changed. 
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OPERATOR MAINTENANCE 

INTRODUCTION 

There are two mainTenance procedures that should be performed periodi ca lly to keep your Laser 
Measurement System working its best fo r you. 

Th ese procedures are -

• Cleaning the air filter in the Measurement Disp lay unit , -

• Ca librating the Air Sensor and Material Temperature Sensor(s}, and related ci rcuitry in 
the Measurement Disp lay unit, if sensors are used in the system. 

In additi on, foreign mater ial (dirt, dust particles, OIher contaminants) may co llect on the Optics 
and ca use attenuation of the laser beam. A procedure for cleaning the OpticS is provided below. 

CLEANING THE MEASUREMENT DISPLAY UNIT'S AIR FILTER 

The air filter at the top of the Measurement Display unit 's rear panel should be clea ned 
periodica ll y or when it has collected excessive dirt. To dean the filter, -

a. Remove the POSIDRIV screw that fastens the right -hand side o f the filter holder to the 
Measurement Display unit 's rear panel. (This screw is just to the left of the RMT CONT 
connector. ) Gently pull the right -hand side of the filter holder away from the rear panel; 
the left -hand side of the filter"'holder is held by a tab thai slides into a slot in the panel. 

b. Remove the filter from the holder and clean it by blowing compressed air thr ough it from 
the inside out . If the filt er is too dirt y to dean with air, wash the filt er element in hot water 
and a mild detergent. Dry the filter before reinstalling. 

For the HP Part Number of a rep lacement filter element, see Section 3 of the lase r Measurement 
System's Service Manual. 

CALIBRATION 

Optionally, an Air Sensor and Material Temperature Sensor(s) can be connected to the 
M easurement Disp lay un it for automatic compensa tio n. In order to maintain the accuracy o f a 
La ser Measurement System that includes these sensors, the sensors and the Measurement 
Display should be ca librated once a yea r or when required because of repair. Ca libratio n 
procedures are provided in Sect ion 4 of the l ase r M easurement System's Service Manual. 

If sensors arc used wi th the system, two vo ltage refe rences and an Analog-to-Digital Converter in 
th e Measurement Display unit must be ca librated . However, if sensors are not used, this 
ca libration is not needed. 

Sensor calibration requires specia l equipment, so the sensors must be returned to Hewlett­
Packard for this servi ce. 

Contact your loca l Hewlett- Packard Sa les and Service office for more specific in format ion. 
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CLEANING THE OPTICS 

WARNING 

THE FOllOWING OPTICAL CLEANING PROCEDURES DO NOT 
APPLY TO THE OPTICS IN THE LASER HEAD. CLEAN INC OF THE 
LASER HEAD OPTICS REQUIRES ACCESS TO THE INTERIOR OF 
THE INSTRUMENT WHERE HICH VOLTAGES CAN BE PRESENT. 
THUS ALL LASER HEAD MAINTENANCE SHOULD BE PER­
FORMED BY A QUALIFIED ELECTRONICS TECHNICIAN WHO 
IS AWARE OF THE HAZARDS INVOLVED. 

A good rule for the exposed glass surfaces is NEVER LET ANYTHING TOUCH THEM. A fingerprint 
will collect dust and dirt which will redu ce the beam intensity by attenuating and dispersing the 
beam. 

Cleaning the optics should be avoided unless the signal intensity is noticeably reduced as 
indicated by the Beam St rength Meter. 

If cleaning Is necessary, you must be careful to avoid rubbing particles into the antireflectivc lens 
coating. Permanent redu ction of the signal intensity will resu lt. Particles can be rinsed with a 
gentle stream of pure industrial grade methanol from a squirt bottle. Avoid alcohol contami ­
nation with the following precautions -

1. Use only new. previously unopened containers. Al cohol absorbs water if left exposed to air. 
This will result in water spots when the alcohol evaporates. 

2. Transfer the al cohol to a squeeze bottle that can be capped and made airtight 

3. Never transfer alcohol back into the original cOnlainer. 
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SECTION 21 
STRAIGHTNESS AND 

SQUARENESS CONSIDERATIONS 

CONTENTS 

INTRODUCTION 
CALCULATION OF SLO PE 
CALCULATION OF SQUARENESS 
SQ UA RENESS SIGN CONVENTIONS 

INTRODUCTION 

This User's Guide Section provides the information you need in order to cal culate and remove the 
slope from your Straightness measurements or to ca lculate the Squareness between two axes. 

This Sect io n will also help you determine the sign conventions on your St raightn ess measurements 
so your Squareness calculation is correct, whether it is done manuallyor automatically (using the HP 
Dimensional Metrology Analysis System). 

CALCULATION OF SLOPE 

There are two methods used to remove the slope value from your data. The first method is ca lled 
" End Point Fit", and the second is called " Least Squares Fit". 

End Point Fit Method 

To remove slope from your measurement data, using the " End Point Fit " method, you shou ld -

a. Determine the slope of you r data by subtracti ng th e first reading from the last, and then 
dividing by the length of travel of the Optics. 

m (slope) = 
last measurement - first measurement 

length of travel of Opti c; 

b. Identify the equation of the line of your slope -

Yslope = mX + b, 

where -

Y wil l be a calculated va lue, 

X is the distance trave lled along the measurement path, and 

b is the fi rst St raightness reading. 
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c. Determine what " Y" should be for each "X" alonl:! your meas uremeOl path using the 
equation above. This will be -

V "ope 

d. Subtract all the va lues you calcul ated in step "c" from the va lues you actually measured 
wilh the laser Measurement System, leaving you wit h "true" Stra ightness values 

Here is an example of ca lculating "slope" and then " tfue" Stril ightncss va lues for two axes of 
measurement . We use va lues fo r two axes because we will use the "s lope" values in our 
Squareness cil lculations later. 

The important va riables are -

For Axis 1 

m = slope of the misalignment axis 

b = intercept of the misalignmen t axis 

x "'" position of the machine along the axis of travel 

V "ope - va lue o f the bias du e to misalign ment (slope) of 
the Optical strai gh tedge ax is with the axis of travel 

Y lrue :z true value of the out-of-straightness of the machine 

YU.4$ = reading on the laser display 

Our raw data is 

YLMS = - 0.] , 0.9, 1.5,2.5, 2.9, 3.6,4.2,5.1,5.9,7.2 (microns) 

X = 0.0,0.1,0.2,0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9 (met re) 

Number of points = 10 

Calcu lations for Axis 1 -

Total distance travelled : 6X = 0.9 metre 
Slope m1 = 6V/ 6X = (7.2- (-0.3))/(0.9-0.0) 

= 8.33 microns/ metre 

Intercept = bl = -0.3 microns (at X = 0, you wan t Y ,rue = 0) 
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Therefore -

V' IOpe = m , X + bl -.: 8.33X - 0.3 

Ytrue :: YLMS - Y,lope 

X = 0.0 0.1 0.2 0.3 0.4 0.5 0 .6 0.7 0.8 0.9 

YLMS = -<>.3 0.9 1.5 2.5 2.9 3.6 4.2 5.1 5.9 7.2 
Y, tope = -<>.3 0 .5 1.4 2.2 3.0 3.9 4.7 5.5 6.4 7.2 

Ytrue - 0.0 0.4 0.1 0.3 -0.1 -0.3 - 0.5 -<>.4 -<>.5 0.0 (microns) 

For Axis 2 -

O ur raw data h. -

YLMS :: -0.5, -1 .2, -2.5, -3.8, -4.0, - 4.8, -5.9, -6.2, -7,4, -8.8 (microns) 

x "" 0.0. 0.05, 0.1. 0.15, 0.2. 0.25, 0.3, 0.35, 0.4, 0,45 (metre ) 

Number of points = 10 

Calcu lations for Axis 2 -

Total distan ce travelled: AX - 0.45 metre 
Slope m2 "" .!loY/ AX - (-8.8- (-0.5 ))/(0.45-0.0) 

= -18,44 microns/metre 

Intercept "" b2 = - 0.5 microns (at X = 0, you want Y'fUII = 0) 

Therefore -

YSlope = ml X + bl "" 20.67X - 0.5 

Vtrue = YLMS - YSlope 

x = 0.0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

VLMS = -0.5 1.2 -2.5 - 3.8 -4.0 - 4.8 - 5.9 - 6.2 -7.4 - 8.8 
V' tope = -0.5 -1.42 -2.34 - 3.27 - 4.19 - 5.1 -6.03 -6.96 -7.88 - 8.8 

0.0 - 0.22 -0.16 - 0.53 0.19 0.31 0.13 0.76 0.48 0.0 (microns ) 

LEAST SQUARES FIT METHOD 

To remove slope from your measurement data, using the least Squares fit Method, you should 

a. Determine both the slope (m) and the intercept (b) from ca1culmio ns on your raw data. 

b. Identify the equation of the line of you r slope -

V,lope = mX + b, 

21-3 
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where -

Y will be it calculated valu e. and 

X is the distance tra velled alo ng the measure ment path . 

c. De termine wh at " Y" should be fo r each " X" alon g your measure ment path using the 
equati on above. This will be 

d . Subtract all the va lues you calculated in step "c" fro m the values you actually 
measured with the Laser Measurem ent System, leaving you with " true" Straightn ess 
values 

Y Irue "" Y LMS - Y slope 

Here is an example o f calculating " slo pe" and then " true" Straightness values for two axes of 
measure me nt . 

Th e important vari abl es are 

m - slope of th e misalignment axis 

b ... ilHercept o f th e misa lignment axis 

x = position of the machin e al ong the axis o f travel 

YtlOpe = value of the bias du e to misalignnme nt of th e Optical strai ghtedge axis 
with the axis o f travel 

YI, ,,e "" true va lue of the out -of-straightness of the machine 

YLMS = reading o n th e lase r display 

The ra w data is th e sam e as the data used in th e example fo r the " End Poi nt Fit " met hod. 

For Axis 1 -

Our raw data is 

YLMS = -0.3, 0.9, 1.5, 2.5, 2.9, 3.6, 4.2, 5.1, 5.9, 7.2 (mi crons) 

X = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 (me lre ) 

Numbe r of po ints = 10 
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Calculations for Axis 1 -

Equati ons used -

Axis 1 

~X x l Y - N x lX Y 
Slope m = --"';~~"7:"-::';,:o:;"---­

(l X)2 - N x ~X2 

Intercept b -

Data -

X V 

0.0 -0.3 
0.1 0.9 
0.2 1.5 
0.3 2.5 
0.4 2.9 
0.5 3.6 
0.6 4.2 
0.7 5.1 
0.8 5.9 
0.9 7.2 --
4.5 33.5 

IX x IXY - IY X lX2 

(LX)' - N x LX' 

X' XV 

0 0.0 
0.01 0.09 
0.04 0.30 
0.09 0.75 
0.16 1.16 
0.25 1.80 
0.36 2.52 
0.49 3.57 
0.64 4.72 
0.61 6.48 -
2.85 21 .39 

(33.5)(4.5) - (10)( 21.39) 01 , = - = =':':'''-'':':''':':''::=''-- = 7.65 microns/ metre 
(4.5)2 - (10)( 2.85) 

(4.5)( 21 .39) - (33.5)( 2.85) 
- ==:';;'::"'--:,:,=",,=- = - 0.095 micron 

(4.5 )2 - (10)( 2.85) 

therefore -

Y slope = m, X + b, = 7. 65X - 0.095 

X = 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

YLMS = - 0.3 0.9 1.5 2. 5 2.9 3.6 4.2 5.1 
Y,lope = -0.1 0.7 1.' 2.2 3.0 3.7 4.5 5.3 

0.8 

5.9 
6.0 

Ylrul ". 0.2 0.2 0.1 0.3 -0.1 -0.1 -0.3 -0.2 - 0.1 

0.9 

7. 2 
6.8 
0.4 (micro ns) 

2'-5 
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For AKis 2 -

Our raw data is -

YLMS = -0.5. - 1.2, - 2.5, -3.8, -4.0. -4.8, - 5.9, -6.2, -7.4. -8.8 (micron s) 

x =- 0.0, 0.05, 0.1. 0.15,0.2.0.25,0.3.0.35,0.4, 0.45 (metre) 

Number of points = 10 

Calculations for Axis 2 -

AKis 2 Oala -

X V X' XV 
0.0 0.5 0 0.0 
0.05 -1.2 0.00025 -0.060 
0.1 -2.5 0.010 -0.250 
0.15 -3.8 0.0225 -0.570 
0.2 -4.0 0.040 -O.BOO 

0.25 -4.B 0.0625 - 1.20 
0.3 -5.9 0.090 - 1.77 
0.35 -6.2 0.1225 - 2.17 
0.4 - 7.4 0.160 - 2.96 
0.45 - B.B 0.2025 -3.96 
2.25 - 45.1 0.7125 -13.74 

1112 = 
(-45.1 )1 2.25) - (10)(-13.74) 

--'--'--'--'---'----'-- = - 17.42 microns/metre 
(2.25)' - (10)1 0.7125) 

(2.25)1-13.74) - (-45.1)(0.7125) 
b = = 0.591 micron 

12.25)' - (1011 0.7125) 

Y slope: - m2 X + ~ - - 17.42X --0.591 micron 

X -

YLMS = 
YsIOP1' -

0.0 

0.5 
-0.291 

0.05 

-1 .2 
- 1.46 

0.1 0.15 0.2 

-2.5 - 3.8 -4.0 
- 2.33 - 3.2 -4.08 

0.25 

-4.8 
-4,95 

0.3 0.35 

-5.9 -6.2 
-5.82 -6.69 

0.4 0.45 

-7.4 - 8.8 
-2.56 -8.43 

Ylrus - 0.09 -0.262 -0.167 -0.596 0.08 -0.146 -0.083 0.488 0.159 -0.37 (microns) 

21·6 

CALCULATION OF SQUARENESS 

Squareness is determined by comparing the angles of misalignment for two Straightness 
measurements. This is what must be done -

1. For each axis, determine the angle of misalignment (9). 

This is done by takins the arctangent of the slope (m) of each Straightness measurement and 
multiplying by 3600, to convert it to "arcseconds". 

OCT 87 
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0 = larctangent (m)l x 3600 (arcseconds) 

Be sure your slope value is dimensionless, i.e., metre/ metre or inch / inch. 

This means dividing the previously-calculated slope values by one million (106). Using the 
values in our examples, you'll get -

Calculation Term Axis 1 Value A xis 2 Value 
M ethod 

End-point m 8.3 x 10- 6 - 18.44 x 10-6 
Fit 

0 1.7 -3.6 

least-square m 7.65 x 10- 6 -17.42 x 10-6 

Fit 
0 1.6 - 3.6 

2. Determine the sign of each angle of misa l ignment by following the procedures on the 
following pages. 

This is very important since adding two angles will certain ly produce a much different 
Squareness value than subtracting the same angles. 

3. Calculate the total angle between the two axes by the following formu la (refer to Figure 21-1) -

Total angle = 324000 + 02 - 01 + Optical Square Error 

The value "324000" is the number of arcseconds in a right angle (90 x 3600). 

"Optical Square Error" is the number of arcseconds of error in the Optica l Square; i.e ., how 
far it is from being exactly 90 degrees (324000 arcseconds) square. This va lue is found 
printed on the surface of the Optical Square. 

Always add 02 and always subtract 01 , regardl ess of their sign conventions. (See the example 
below.) 

4. Calculate Squareness -

Squareness = 02 - 01 + Optical Square Error 

If the Optical Square's error = 0.0, then the Squareness (using our previous calculations) 
is: 

Calculation M ethod Squareness 

End-point Fit - 5.5 arcseconds 

least-squares fit -5.2 arcseconds 

21-7 
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-- MACHINE TOOL 
AXtS 

OPTICAL AXIS 

0, - SLOPE OF THE OUT-OF-STRAIGHTNESS DATA ALONG AXIS 1. 

02"'" SLOPE OF THE OUT· OF-STRAIGHTNESS DATA ALONG AXIS 2. 

TOTAL ANGLE BETWEEN AXtS 1 & 2 - goa + 02 - 0, + OPTICAL SQUARE ERROR 

SQUARENESS - 82 - 0, + OPTICAL SQUARE ERROR 

Figure 21· 1, Squareness 

Squareness Sign Conventions 

When making a single Straightness measurement, you need not worry about the sign convention 
used, o ther than to relate positive values to one direction of the machine tool 's movement. 

However, when you are making a Squareness measurement. the sign convention is critical in 
making sure you have the correct sign and magnitude of the Squarcness error. 

Figure 21-1 shows how 10 obtain a squareness va lue. This is the same procedure the HP 
Dimensional Metrology Ana lysis System uses to define squareness. 

Determining Sign Conventions 

To determine Ihe sign conventions for Stra igh tness and Squareness, 

1. Draw the Squareness measurement you are going to take. Identify which direction along 
each of the two Straightness measurcment paths wi ll be "into" the square and which 
direction wil l be "OUI " of the square (See Figu re 21·2). 
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OUT OF 
- +-- saUARE 

INTO 
-+<~saUARE 

INTO 
SQUARE 

OUTOF 
SQUARE 

Figure 21-2. Into and Out Of a Square 

J 

rr 

2. For each axis, se lect the direction of travel which is more convenienl for your sctup . The 
moving optic can travel either towards or away from the Optica l Square. 

3. For each axis, set the D IR SENSE key o n the Measurement Display according to the Squarc ­
ness Convention Guide in Figure 21 -3. Notice thai the direction sense of the moving optic 
is determined by the direction of travel you se lected in Step 2 above. 

Measure the ax is perpendicu lar to the Straightness Reflector fi rst, and the axis in linc with 
the Straightness Reflector second. Figure 21-5 shows the eight poss ible configurations. 

NOTE 

If you measure the axis in line with the Straightness Reflector 
first , then all direction senses are reversed. Figure 21-6 shows 
these eight possible configurations . 

21 -9 
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AXIS "1 

+ ... .. t 

• + 

AXIS #2 

+ - - + 

Figure 21-3. Squarenc5s Sign Convention Guide 
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LEGEND FOR 
SaUARENESS SIGN 

CONVENTION CONFIGURATIONS 

o 

1 

2 

+ 

Stralghtne .. Relteclor 

Straightness Interferometer 

Direction 01 trayel of moylng opllc 

Starting point of Straightness 
measurement lor IIrst axis 

Starling point of Straightness 
measurement for second axis 

Oevlallon. 01 the moylng optic 
In the direction 01 the 

+ should resuliin an Increasing 
poslllve reading on the Measurement Display 

figure 21-4. Legend (or Squarefless Sign Convention 
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FIgure 21-5. Squarcncss SIgn Convention Conf,gurat,ons (Continued) 
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figure 21-6. 5quareness SIgn ConventIOn Conf'guratIOns for 

First Axis Measurements In-line with the Reflector. (Continued) 
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INTRODUCTION 

This User's Guide section -

• describes the major hardware pieces of the Laser 
Measurement System, and -

• presents the principles of operation of the Laser 
Measurement System. 

If you need more information than is presented in this Sect ion, KO to Section 8 of the Laser 
Measurement System's Service Manual. The Service Manual goes into greater depth, explaining 
exactly how the electronic functions are executed. 

HARDWARE DESCRIPTIONS 

5506A Measurement Display 

The Measurement Display unit consists of -

• Measurement and Reference Counters, 

• AnaloK-to-digital Converter circuits, 

A -, 
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• HP-IB interface circuits, 

• a Data Bus system, 

• Keyboard -Display, 

• Processor, and 

• Power Supplies. 

An extensive self-test feature built into the Measurement Display unit runs during the Laser Head 
warmup period, giving a high degree of confidence that the equipment is operating properly. 

The Measurement Display unit's Processor also controls the timing and sequence of operations 
in the system. This includes transfer and routing of dilta, calculations, and the display timing and 
control fun ctions. 

The Measurement Display unit 's fronl-pan el display isan all-numeric LED (light -Emitting Diode) 
readout consisting of nine digits plus it sign indicator. 

The HP-IB (interface) cfrcuits allow the Measurement Display unit to be interfaced with an 
external controller such as a calculator or computer. Data can be sent to or from the 
Measurement Display unit via the imerface bus. The HP-IB also allows all front-panel keyboard 
functio ns to be remotely programmed. A " TALK-ONLY" mode allows t ransfer of data to a 
recording device such as a digital p lotter without using a controller. 

5518A Laser Head 

The Laser Head contains -

• A thermall y-tuned laser tube,-

• Control circuit s, -

• A Reference Receiver , -

• A M easurement Receiver, and a -

• High-voltage Power Supply. 

The La ser Head also contains a special Optic used for Straigh tness measurements. This Opt ic is 
moved into the Laser beam when the turret ring is switched to "STRAIGHT" . For more 
information about this Optic, see the "STRAIGHTNESS MEASUREMENT" information, be low. 

10751 Air Sensor 

The Air Sensor's air pressure output is an analog voltage that is controlled by the size of a small 
anero id baro meter contained in the sensor. The Measurement Display unh converts this analog 
voltage to a digilill value Ihat it uses in its Velocity-of-Light ("V.O.L " ) calcu latio n. 

The Air Sensor's air temperature output is an analog voltage that is controlled by a temperature­
sensiti ve element in the sensor. The Measurement Display unit converts thi s analog voltage to a 
digital voltage that it uses in its V.O.L calcula tion. 
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The Air Sensor's humidity output is an analog voltage that is controlled by a three-position swit ch 
on the side of the sensor's housing. The Measurement Display unit converts this voltage into a 
digital value thilt it uses in its V.O.l. calculatio n. 

10757 Material Sensor 

The Material Sensor 's output is an analog voltage that is controlled by a temperature-sensitive 
element in Ihe sensor . The Measurement Display unit converts this amllog voltage to a diMi tal 
voltage that iI incorporates into its maTerial expansion calculation. 

10766A Linear Interferometer 

The Interferometer used In Distance and Velocity measurements contains a polarized beam 
sp litter . This is represented by a diagonal line in Figure A-2. The polarized beam sp litter wilt 
reflect the ft componen t of the laser beam and let the f2 component pass through. The best way 
to visualize this is to imagine that the polarized beam splitter is a vertical picket fence that lets the 
vertically polarized frequency component th rough , but reflects the horizontally polarized 
frequency component . 

10767 A Linear Relroreflector 

The Retroreflector is an optica ll y ground and polished glass trihedral (thrce-surface) prism 
(somctimcs ca lled a " cube corne r" ). It reflects the laser beam back along a line parallel to the 
origina l beam, but offset from it by twice thc distance at which the incoming beam is offset from 
the corner apex. 

10770A Angular Interferometer 

The Angular Interferometer used in Angular and Flatness measurements is basically a linear 
In terferometer with a Ream Bender located above it (sec Figure A -J). 

10771A Angular Reflector 

The Angular Reflector contains two Retroreflectors spaced a precisely-known distance apart . 

10774A and 10775A Straightness Interferometer and Reflector 

The Straigh tn ess Interferometer and Reflector have the same instrument number because they 
are a matched pair. They must be matchcd to have the Reflector return the two frequency 
components of the Laser beam directly back into the Interferometer. 

The Interferomter spli ts the two-frequency beam from the Laser Head into its two cornponent 
parts, with eil ch part leaving the Interferometer along a specific, preci sely-controlled pa th . This is 
possible because the Interferometer contains a Wollaston prism. which has a different index of 
refraction for each of the two perpendicu lar polarilies in the laser beam. The Interferometer can 
be turned, so the plane established by the two exit paths can be rotated about the incoming laser 
beam. 

A· 3 
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Ea ch beam from th e Straightness Interferomcter Is directed to one mirro r of the Straightness 
Reflector. The Straightness Reflector consists of a pair of front-su rface plane mirrors, rigidl y 
mounted such that they reflect each beam back along it s incoming path to th e Interferomete r. 

PRINCIPLES OF MEASUREMENTS 

General System Principles 

A Helium-Neon gas laser in the l aser Head produces a coherent ligh t beam (see Figure A-1 ). A 
cylindrical permanen t magnet around the cavi ty causes the laser to oscillate at two slightly 
d ifferent freq uencies. This is Zeeman spHning. The two components, F1 and F2 1"frequency 1" 
and "frequency 2") are distinguishable by their opposite ci rcu lar polari zatio ns. 

From the la ser tube, th e beam co ntaining both the Fl and the F2 frequencies passes through 
Optical glass quarter-wave and half-wave plates which change the ci rcular polarizations of F1 and 
F2 to linear perpendicular polarizations, one vertica l and the ot he r horizontal . The linearly 
polari zed beam is eJ(panded in a collimating te lescope, after which most of the beam Is 
transmilled through a 45-degree beam spliner and out of the laser Head . 

From th e 45-degree beam sp litter, a porlio n of the beam 15 sa mpled. Most of this sam ple is fed 
into the Reference Receive r to detect the difference In frequ ency between the beam's two 
op ti ca l component s (11 and f2). This difference will be between 1.5 and 2.0 MHz, and is 
represented in Figure A-1 as " fl - f2". The remainder of the u mpled beam con tro ls the tuning of 
the lOIsel , to keep the laser's ou tput frequency constant. 

During a measurement , the laser beam is directed through Optics in the measu remcn t path and 
then ret urned to the La ser Head's Measurement Receiver. This receiver will de tect part of the 
returning beam tha t wi ll be (1 - (2 plus a Doppler-shifted frequency co mponen t, af, if there was 
any relative motion between the Optics In the measurement path . 

The two frequen cies do not inte rfe re to form fringes until the beam reaches the demodu lating 
po larizer mounted in front o f the photodetector because th ei r pola rizations arc o rthogo nal to 
each o thcr. 

Thc signals from each of the laser Head 's re<:eivers (Reference Receiver and Measurement Receiver) 
are cou nted by the Measurement Display in two separate pulse counters, one for the Reference signal 
and one for the Measuremcnt signal. Th ese counters store absolute counts, although the frequency 
determines the rate at which thc cou nts are accumulated. (See Figure A-l ) 

The Measurement Display unit then -

a. Continously subtracts the Referen ce Counter's con tents from the Measuremcnt 
Cou nter's contents, -

(The counlcrs' contents, and the difference value, are numbers of wavelengths 
cou nted. ) 

b. Pe rfo rms the necessary electronic functions to make the particular mcasurement 
calcu latio ns, -

c. Modifies the results of " b" with keyboard input data (values entered using SET UP keys) and 
compensat ion informat ion from the Air Sensor and Material Sensor(s) (if used), and 
then -

d. Displays the compu ted measurement on the front-panel display. 
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Figure A-1, Laser Measuremenr System - Simplified Block Diagram 
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Distance and Velocity Measurements 

The F1 and F2 beams that leave Ihe laser Head are aimed al an Inlerferomter which split s Fl and 
F2 via a polarizing beilm spl ittcr. (See Figure 1\-2). Component Fl becomes the fi xed-distilnce 
path , and F2 is sent 10 a larget which reflects it back to the Interferometer. Relative motion 
between the Interferometer and the remote Retroreflectorcauses a Doppler shift in the returned 
frequency. Therefore, the Measurement Receiver photodetector in the l aser Head seeS;1 fringe 
difference given by fl - F2 ± aF2. 

The F1 - F2 ± llF2 signal that is returned from the external Interferome ter is compared in the 
Measurement Di sp lay unit to the Fl - F2 Reference signa l. The difference, dF2, is then related 
electronically to veloci ty and then to distance. This information is finally manipulatcd as 
described above under "GENERAL SYSTEM PR INCIPLES" to produce the correct ou tput on the 
d isp lay. 

Proper separation between o utgoing and incoming laser beams is provided by each Retro­
ref lector. 

REFERENCE 
RETROAEFlECTOR 

MEASUREMENT 
/'- AETROREFlECTOA 

/ h "-
I, I, V I, "-FROM LASER 

1/ > TO 
I, f2 ± ~ 12 ' 2 i ~ 12 

PHOTO DETECTOR 

~ LINEAR INTERFER OME:' 

FIgure A-2. D,sfance and Velocity Measuremenls 

Angular Measurements 

The set-up for making an Angular measurement is shown in Figure 1\-3. 

The Angula r Opt ics creil te two parallel beam paths between the Angular Interferometer and the 
Angular Reflector ; one pa th is frequency", the second path is frequency f2. The distance 
between the two paths is preci sely known, since the two Retrorefieclors are precisely positioned 
within lhe Angu lar Reflector. Initially, the angle between the Angular Interferometer and the 
Angular Reflector is assumed to be "0", and the two paths between them have some relative 
length. If either the Angular Interferometer or the Angular Reflector is turned, the relative 
length s of Ihe two paths will change: th is change wi ll cause a Doppler-shilled frequency change 
in the beam tha t is returned from the Angular Interferometer to the Laser Head. The Laser 
Measurement System's Electro ni cs hardware wi ll ca lcu late and display the angular change, using 
the new frequency count data and the spacing between the opt ica l path s. 
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ANGULAR 
INTERFEROMETER 

ANGULAR 
REFLE CTOR 

BEAM BENDER -------. / " "-
IY ~ fl ± ~f1 

1/ " 
/ 

., 
" / " "-FROM LASER 

V ~ '2 ±.1 '2 ' 1 ±~ ' 1 f2 ± M 2 
TO 
PHOTO DETECTOR 1/ / 

Figure A-3. Angular Mea5l/fcmcnls 

Flatness Measurements 

A Flatness measurement is made by integrating a series of Angular measurements taken as the 
Angula r Optics follow the surface va riations along a measurement path. Figure A-4 shows the 
process of taking measurements for Flatness. 

Position "A" is the "RESET" position and relative "zero" elevation. 

Position "B" is " one foot-pad -spacing" behind position "A". In Ihis position, the Reflector's 
front foot is located where the back foot was in position "A". The height of the rear foot at 
position " B" is then determined, using the angle measurement and the leng th of the foolspacer. 

Similarly, position "e" is that position where the Reflector 's front foo t is at the sa me location as 
the rear fOOl was for position "B". The height of the rear fOOl for position tiC" isdetermined, and 
algebraica ll y added to the height at liB" (and " A", if "A" has a va lue other than "zero" ), to find 
the tol al distan ce above or below zero. This process is continued to the end of the measurement 
path, each new foot height being algebraica ll y added to the previous total. 

A 
\I'~ 

B C 
D 

~ ! r 
3, d MEASUREMENT 

2 nd MEASUREMENT 

t MEASUREMENT 1s 

= 1st + 2nd +3rd MEASUREMENTS 

Figure A-4. Flatness Measurements 
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Straightness Measurements 

In the following di scussion, it will help to visualize the Straightness Reflector as a straightedge 
supported at one end, and the Straightness Interferometer as an indicator that runs along this 
straightedge. 

Initia l ly , the two paths from the Interferometer to the Reflecto r (fl and f2) have some length 
relative to each other. If either the Straightness Interferometer or the Straightness Reflector is 
moved side-to-side (across the reference Sraightedge), the relative lengths o f the two beams will 
change. The change in accumulated fringe counts will be -

20 sin (0/2), 

where -

D = the distance of the offset, and -

0 "" the angle between the two beams leaving the Interferometer. 

o is about 1.5 degrees for the Short-Range Interferometer, and about 0.15 degree for the long 
Range Interferometer. 

To provide the correct readout of the offset distance, the Electronic hardware automatically 
mu ltiplies the fringe count by the reciprocal of 2 sin (012). 

Small pitch, yaw, or roll motions of the Interferometer do not create a path difference and 
therefore do not affect the measurement accuracy. 

The two return beams from the Straightness Reflector combine in the prism, at the same point 
where Ihe beam from the laser Head was sp lil. The combined beam is returned 10 the laser Head 
along the same path as the laser Head's eKit beam. A beam bender al the Laser Head 's Exit port , 
switched into pOSition by setting the laser Head's turret ring to "STRAIGHT", deflects the 
incoming beam from Straightness Interferometer down to the photodetector behind the laser 
Head 's normal Return port . (Thi s offset in the return path is very much like thai in a periscope or a 
pair of prism binocu lars. ) 
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COMPENSATED WOLLASTON PRISM 
(STRAIGHTNE SS IN\TERFEROMETER ASSEMBLY) 

I, 
I, ------"'" 

MIRRORS 
(STRAIGHTNESS 

REFLECTOR) 

1\ "0.' / " ____ "-M.IRROR AXI S 

n2.\!n2. , 

NOTE: WEDGE n ' .2 HAS A REFRACTIVE INDEX 
OF n, FOR ONE PLANE OF POLARIZATION 
AND n2 FOA THE OTHER PLANE. 
WEDGES n2,1 HAVE THE OPPOSITE 
PROPERTY. 

Figure A·5, Straightness Measurements 

Squareness Measurements 

.1 

A Squareness measurement consists of two perpendicula r Straigh tness measu rement s made 
from the sa me Straigh tness Reflecto r. Perpendicularity is achieved using an Optica l Square, 

Squareness is ca lculaled by adding or subtract ing the slopes for each Straigh tness measurement 
to a right angle (provided by the Optica l Square ). Section 21 of this User's Guide shows how this is 
done. 

Parallelism Measurements 

A Parallelism measurement is simila r to a Squareness measu rem en t. except it does not use an 
Optical Squ are. 

A Para llelism measurement consists of two Straightness measurements, made along the same axis 
from the same Stra igh tness Re fl ector. (See Sect ion 14 in th is User's Guide .) 

Parallelism is calcu lated by comparing the slopes of th e two Straightness meilsurement s, as 
described in Section 14 of thi s Use r's Guide . 

A-9 
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APPENDIX B 
MEASUREMENT CONSIDERATIONS 

LASER SYSTEM MEASUREMENTS 

To fully characterize machine geometry, you need to measure -

• The six degrees of freedom for each measurement axis, -

• Squareness between measurement axes, and -

• Parallelism between measurement axes. 

The six degrees of freedom are -

1. Linear displacement 

2. Angular displacement about the measurement axis -

a. Pitch 
b. Yaw 
c. Roll 

3. Displacement perpendicular to the measurement axis -

a. Straightness in the vertical plane 
b. Straightness in the horizontal plane. 

These six variables are used to break down the complex movements of a carriage traveling on a 
pair of ways into factors which ca n be more easily handled. (See Figure B-1,) 

--

HORI ZONTAL 
STRA IGHTNESS 

X AXtS LINEAR 
DISPLACEMENT 

Figure B-1. Six Degrees of Freedom 

B-1 
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B-2 

Squareness and parallelism of travel between two axes characterize how any two axes are 
positioned relative to each other. Both measurements are accomplished by performing two 
Straightness measurements. (See Figure B-2. ) 

Y AXIS 

~ 1\ I 
,-~~t-=:!::::::;;:==t> Z AXIS 

1'\ \ 

\ XAXI8 

Figure 8-2. Squarencss Between Axes 

Each of these characteristics contributes to positioning accuracy and precision at any point within 
the machine's work zone. 

All of these measurements (except roll ) ca n be made with the Laser Measurement System. 

REPEATABILITY, ACCURACY, RESOLUTION 

It is important that you understand the definitions o f " repeatability", " accuracy", and 
"reso lution"; these are common terms in industry, and are used throughout this User's Guide. 
THESE TERMS ARE NOT INTERCHANGEABLE. 

REPEATABILITY is the range among a group of measurements at a larget pos ition. 

Ass ume that a marksman is shooting at a target. The ti ghtness of his shot pallern is a measure of his 
repeatability , using that gun, in that environment. (See Figure 8-3.) 

ACCURACY __ /' 

V"-REPEATA.,LlTY 

RESOLUTION 

Figure 8-3. Target Examples of Accuracy, Precision, and Resolulion 
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YOll Ciln think of repea t.lbilit y in a similar way when making measurements w ith the laser . 
Operator skill , machine stabilit y, machine geometry, and the environment affect repeatabilit y. 

ACCURACY is how closely the measurements agree to a given standard for the measuremenl. 
Repea tability. by comparison, is how d ose the measurements agree to each other. 

In our example of the marksman, Ihe closeness of his shots to thc bull's eye is the measure of his 
accuracy. It is possible for all his shots to have been close together (repea table), but to have been 
fa r from the bull's eye. Repeatability and accuracy are not thc same. 

Accuracy in linear posi tioning is the difference between the average position o f a group of 
measurements and the loca tion of the target position for those measurements. Accurate paris are 
exactl y like the drawing for those parts. Repeatable parts are exactl y like each other. A batch of 
pariS, all rejected fo r the same flaw , are repea table but no t accurate. 

RESOLUTION is the smallest increment of scale. In the ta rget example, resolut ion is the distance 
between the rings in the targel. 

FACTORS AFFECTING ACCURACY AND PRECISION 

The accuracy and precis ion of a measurement are influenced by many factors, which can be 
separated into two groups -

• M achine-related, and -

• Set-up-related. 

Machine- relat ed facto rs include -

• M achine geomet ry, 

• M achine sca le accuracy and precisio n, 

• M achine environment, and -

• M achine respo nse to the changing environment. 

One set-up-related error Is Abbe Erro r. 

Machine-Related Factors 

A machine calibration is more complex than checkin g positioning accu racy and preci sion. The 
accuracy and preCisio n of the work a machine can be expected to tu rn o ut depends o n -

• The machine's environment (including temperature and vibration), -

• The machine's res po nse to changing o perat ing and environmental conditio ns. (Mach ine 
stabilit y) -

• The accuracy and precision of Ihe machine's geometry, and -

• The accuracy and precision of the machine's sca le(s). 

Each of these factors is equally important. Measuremen ts of accuracy and precision have 
meaning only when the environment and geometry are known. 

B-3 
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U-4 

Abbe' Offset Error 

Abbe' offset error can appear in a laser measurement as well as in a measuremen! made using a 
more traditiona l method. It resu l ts from the combination of-

1. An angular offset in the measurement system, and-

2. A linear offsct between the measurement axis and the sca le axis in the mC3surement syslem. 

Abbe' offset error will make the indicated length eithcr shorl er or longer than the actual length. 
depending on the direction of the angu lar o ffset. as shown in Figure 8-4. 

The amount of measurement error resulting from Abbe' offset is -

Offset distancc X tangent (offset ang le) 

For an angle of 20 degrecs or less, the tangent of the ansle divided by the size of the angle in 
arcseconds is between 5.05 X 10- 6 and 4.84 X 10- 6. This means that you can get a very close 
approximation of the Abbe' offset error by multiplying the measurement offset distance by -

5 X 10- 8 .. -'-====- X the angle's size (m aresec) aresec 

The units of the crror will be the same as the units of the measurement (and of the offset ) 
(centimetres, inches, etc. ), since the tangent va lue Is dimension less. 

Abbc' offset error increases in proportion to the size of the angular offset and the distance of the 
linear offset , and is really a question of "what are you trying to measure?" . for example, if you 
wan t to determine the accuracy of a machinc tool's leadscrew or scale, you would make your 
measurement as closcly as possible to the screw or sca le, which wou ld minimize the results of 
Abbe ' offset. I f, on Ihe other hand, you wan ted to know how accurately the machine positions its 
cutting 1001, you would make your measurement along the tool 's path; this would give you a true 
picture of the posi tioning accuracy, and wou ld include compensation for geomctricinaccuracies 
of the measurement system (including those due to Abbe' error). 

As an example of Abbe' offset error, consider the ca liper shown in Figure 8·4. 

- I-

r 
I .2 .3 I SC ALE AXIS 

... I 

c- --
I I 0.25 READIN G 

2 1N. ABB E OFFSET 
I MEASUREMENT AX I 

\ IU 

s 

_I ~S' AN GULAR OFFSET 

Fiyure 8-4. Caliper Example of Abbe' Error 
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In the caliper example (Figure B-4), the angular offset in the measurement system is 5 arcmin, and 
the linear offset between the measurement axis and the scale axis is 50 mm (2 inches) . The error 
due to the offset between the measuremenl ax is and the sca le axjs can be ca lcu lated as -

5 X 10- 6 . 60 arcsec 
error = 50 mm x x 5 arcmm x 

arcsec arcmin 

= 50 x 5 X 10- 6 X 5 x 60 mm 

= 75.0 X 10- 3 mm 

= 0.075 mm (0.003 in ) 

By minimizing the offset between the measurement and scale axes, the error is signifi cantly 
reduced . 

For example, if the offset distan ce is 10 mm (0.4 inch) instead of 50 mm (2 inches ), Iheerror in the 
reading due 10 Abbe' offset error is -

5 X 10- 6 
error = 10 mm X X 300 arcsec 

arcsec 

= 10 X 5 X 10- 6 X 300 mm 

= 15.0 X 10- 3 mm (0.009 mm) 

= 0.015 mm (0.0006 inch) 

II may be worthwhile mentioning here that a micrometer wouldn't be subjeclto Abbe' offset 
error, since its measurement axis and its scale axis are the same. 

Consider checking the posi tio ning accuracy of a toof on a mill. To minimize the effeCI of Abbe' 
offset error o n your measu rement , you shou ld set up the laser so that the opt ics will provide the 
exact inform ati on on how the tool is moving. 

The ca li brat ion axes shou ld be located in the most critica l positioning area of the machine's 
working area. Once compensated. the machine wi ll position accurately along the ca libration 
axes. The worst accuracy will be at the greatest Abbe' offsets from the calibration axes. 

8-5 
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HEAD/DISPLAY/TRIPOD 

I 
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I'-M8X1 .25 THREAD(3 PLACES) 

360.0mm 
- (14.17ln)---I _ 118.0mm 

dl ~ 1- 479.0mm 
1-(18.86In) 

Net WI: 5.5 kg (12 lb.) 
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(1.73In) 
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(32.5In) 
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(16.75In) 
Radlus - -i-----I 
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360mm 
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c-, 
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LINEAR OPTICS 
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APPENDIX D 
MEASUREMENTS USING AN HP 10706A PLANE MIRROR 

INTERFEROMETER 

CONTENTS 

INTRODUCTION 
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ASSEMBLY Of OPTICS 
INSTALLATION AND ALIGNMENT OF OPTICS 
DISTANCE MEASUREMENTS 
VELOCITY MEASUREMENTS 

INTRODualON 

This User's GUide appendix provkies instructions for making distance and velocity measure­
ments with a plane mirror interferometer such as the liP 10706A. Al though any HP 5528A sys­
tem can be used to make measurements with it plane mirror interferometer, only those systems 
with an HI' 5508A Measurement Displaywith serial prefix of2732A or above, or units upgraded 
to this standard with EPROM Upgrade Kit pi n 05508-60211, will give the correct measurement 
on the display. Previous units must have the displayed distance or vciocity value divided by 2 
to gel Ihe correct answer. 

The distance and velOcity measurements are made by measuring the change in position of one 
of the optics while the other optic is held stationary. See Appendix A for a description of the 
principles on which this measurement is based. 

To make a velocity measurement, begin as if you were making a dist .. mce measurement. Most 
instructions for the velocity measurement arc identical to those for a distance measurement. 
Values for set-up keys will be different, and you'll have to push the VELOCITY key instead of 
the DISTANCE key. Details are in Section 7, Velocity Measurements. 

OPERATING SPECIFICATIONS 

Distance 

Accuracy: 

SERIES 2732A 

Distance measurements are accurate within the following tolerances 
depending on the velocity ofUght compensation method and opera t· 
ing temperature. Values shown apply at a known material tempera­
ture with a known coefficient of exp,1nslon. 
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Velocity of Light (VOL) Compensation Method 

, 

Manual 
Operating (VOL Exactly Automatic' 

Temperature Known in (Using 10151A/B 
Range2 Beam Path) Air Sensor) 

19.5·20.5°C ± 0.1 ppm ± 1.5 ppm 

lS-25QC ± 0.1 ppm ± 1.7ppm 

0-4O"C ± O.l ppm ± 3.0 ppm 

If automatic material temperature sensing 15 used, tile system error will be Increased by T e (ppm). 
Te (ppm) • coefficient of expansion In ppm!C x average senior error In °e. 
(See 10752A/B Maximum SeMor Error Spt!cificatlon.) 

Temperature of ~II system components are stabilized anywhere within the temperature range shown.) 

, 
1 0751A/B moonted in recommended orienMtion. 12 month catlbl~tion interval used Humidity switch sci to position 
closest to actu~1 humidity. If humidity swi tch setta 50%, tolerances u e 1.75 ppm at 200 e, 2.00 ppm at 15·25°e, and 
3.70 ppm at 0·40"C. If 10751A/B moonted Incorrectly, ~dd 2 ppm. 

Resolution: Metric Units Mode: 0.01 micron (O.OOOOlmm) 

English Units Mode: 1 microinch 

Maximum Velocity: ± 9000mm/ minute (360 inches/minute) 

Measurement Range: Maximum (with proper alignment, 15-25°C.) 20 metres (65 feel) 

Velocity 

Accuracy: ± 0.1% of displayed va lue 

Resolution: ± O.1 mm/minute 

± O.O l in./minute 

Maximum Velocity: same as distance measurement 

Measurement Range: Silme ilS distilnce meilsurement 

HARDWARE REQUIRED 

In addition to the hardware required for any measurement using the laser Measurement Sys­
tem (see Figure 4· 1), distance or velocity measurements with plilne mirror interferometers re­
quire the hardware shown In Figure 0 -1. Use of iln ildjustilble mount, HP 10711 A, is 
recommended for ease of illignment. It is recommended thilt the plilne mirror used have the 
following specificiltions: 

SEAlES 2732A 
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HP 10706A Plane Mirror Interferometer 

HP 10773A Flatness Mirror 

HP 10711A Adju8table Mount 

Figure 0·1. Distance or Velocity Measuremen t Hardware 
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Reflecta nce: 98% at 633 nm at normal incidence. 

Flatness: Flatness deviations will appear as measurement errors when the mk· 
ror Is scanned perpendicular to the beam. The recommended range 
is 1/ 4 wavelength to ' /20 wavelength (0.16 to 0.03 microns, 6 to 1.2 
mlcroinches). 

Optical Surface 
Quality: 60·40 per Mil 0·13830. 

The HP 10733A Flatness Mirror meets these specifications. 

OPTIONAL HARDWARE 

Optional hardware, shown In Figure (j ·2, ca n be connected to your laser Measurement System 
to allow measurements to be made more accurately. 

REFERENCE MATERIAL 

Setup of the l aser Head and Tripod 
Turn·on ..... . 
Techniques (general) 

Section 4 Interconnections 
Section 5 Alignment 

......... Section 1S 

SETIING 5508A M EASUREMENT DISPLAY INTERNAL SWITCH 

The HP 5508A Measurement Display normally uses the HP l D766A linear Interferometer for 
distance and velocity measurements. To gel the correct measurement displayed when using 
the I-IP lD7D6A Plane Mirror Interreromeler, a switch selling in the HP 5508A must be changed. 

To sellhe Measurement Display correctly for use with the plane mirror interferometer: 

1. Set the front panel LINE switch to OFF. 

2. Disconnect the line cord at the rear of Ihe unit. 

3. Using a POSIDRIV screwdriver, loosen the screw al the rear of the top cover. 

4 , Slide the top cover rearward and remove it. 

Figure 0 ·2 shows the location and proper setting of the A2S3 TEST SWITCH for use with Ihe 
plane mirror Interlerometer, For normal operatlon, that Is for use with the linear interferometer, 
set the switch to all zeros, 

5, Set the TEST SWITCH to the setting shown in Figure 0 ·2, 

6, Replace the top cover ilnd fasten the screw al the rear of Ihe top cover. 

7. Connect the line cord althe rear of the unit. 

8, When ready to use the system, turn the LIN E switch ON. 
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Figure 0·2. Location of AlS3 TEST Switch 
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NOTE: When the system Is warming up, the display will indicate the various system self tests 
taking place. At the end o f the initial seclucnce it wi ll fla sh HI RES brie fl y on the display. This is 
the only external Indication that the systern is set for use with the plane mirror Interferometer. 

ASSEMBLY OF OPTICS 

Refer to Figure 0 -1. Attach the interferome l.er to the mount with the screws provided. 

INSTALLATION AND ALIGNMENT OF OPTICS 

The a lignment of the HP 10706A Plane Mirror Interferometer is very similar to the overlapping 
dots method for the linear interferometer. Before proceeding with the a lignment procedure, 
reconflguring lhe HP 10706A and alignment aids for this interferometer will be covered. 

Turned Configuration 

The interferometer can be configured to turn the beam. This is done by int erchanging the 
reference cube corner and the plane mirror convcr1 er. Figure 0-3 shows a reconfigured HP 
10706A Plane Mirror Interferometer that turns the beam, Note the location of the plane mirror 
converter with respect to the arrows on the label. 

PLANE MIRROR CONVERTER \ tf 
I 

REFERENCE CUBE-CORNER 
NEW LOCATION, 

I 

~ 
r-

Figure D-3. ,-fP J070GA Turned Configura fio/l 

In this configu ration (Figure D-3) the laser measurement beam is turned to the left. When the 
measurement beam needs to be turned to the right, the interferometer is rotaled 180 degrees 
about the incoming optical axis. 

SERIES 1732A 
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Alignment Aids 

To help in aligning the plane mirror interferometer, two alignment aids are included. They are: 

• Alignment Target (PIN 10702-600( 1) (See figure D-4) 

• Alignment Aid (PIN 10706-60001) (See Figure 0·4) 

!loth alignment aids are magnetic to simplify positioning them on the interferometer. 

The alignment target is used on the input side of the interf~rometer to propedy position the 
beam In the Input aperture. 

The alignment aid is placed on the exit aperture (on the plane mirror converter) to a ll ow using 
the autoreficcUon method of aligning the plane mirror interferometer. The alignment aid needs 
to be propcdy oriented so that the primary measurement beam goes through the hole on the 
alignment ald. The primary measurement beam is the first of two measurement beams that go 
between the Interferometer and the plane mirror. To find the primary beam, block one of the 
two measurement beams and if the other disappears, then the one blocked Is the primary 
measurement beam. 

ALIGNMENT TARGET 
PI N 10702·60001 

ALIGNMENT AIO 
PI N 10706·60001 

Figure 0-4. I-IP 10706A Alignment Aids 

Alignment Procedure 

Refer to Figure 0 -5 during this procedure. The procedure given is the ovedapping dots method. 

SERIES 2732A 

1. Align the plane mirror perpendicular to the axis of travel. 

2. For straight through configurations, align the laser beam perpendicular to the plane 
mirror by aUlorefiection. 
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3. Insert the plane mirror interferometer into the laser beam and fasten 10 the mounL. 

4. Block the interferometer output bea m. Select the small aperture of the laser head and 
the target on the receiver. Adjust the interferometer and the laser hcad (vertica l and 
horizontal Lranslation onl y) to get the reference return beam centered on the receiver. 

5. Remove the beam block from the interferometer outpuL. Adjust the interferometer to 
get both the reference and measurement return beams to overl ap on the center of the 
receiver. 

6. Check the alignment for cosine error. See page 6-14 for the procedure. 

7. Select the large aperture on the laser head and rotate the receiver target out of the 
beam path. 

Distance Measurements 

Distance measurements using a plane mirror Interferometer are made the same way as v.ilh a 
linear interferometer, except that the plane mirror interlerometer cannot be the moving optic. 
Refer to Section 6, Distance Measurements, for Information about measurement display set­
tings, sensor use, ma king a measurement, and what affects accuracy. 

Velocity Measurements 

Velocity measurements using a plane mirror interferometer are made the same way as with a 
linea r int erferometer, except thatl he plane mirror interlerometer ca nnot be the movi ng optic. 
Refer Lo Section 6, Distance Measurements, and Section 7, VelOCity Measurements, for infor­
mation about measurement display settings, sensor usc, making a measurement, and what af­
fects accuracy. The limit ing faclor in the accuracy of velOCity measurements is the accuracy of 
the electronics in the velocity measurement circuitry. 

/ II 

1070eA 

HP 5 518A LASER HEAD 
STAGE 

Figure 0 -5. Measurement Setup 
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Ambient: In the vicinity of; surrounding on all sides. 

Arcsec, Arcscconds (with or without hyphen): Your Angu lar measurements are displayed in 
units of ";:I re-seconds" ("ARC-SEC"). regardl ess of the selling of the Measurement Display's rcar­
panel "Engl ish/ Metric" swit ch. 

" Arcseconds" is a short way of saying "seconds of arc". O ne arcsecond equals 1/ 3600 of one 
degree of arc. 

Another way to visualize an arcsecond is that ills equivalcrH to 0.000005 mm (or inches) for every 
mm (or inch) from your measurement axis. (This is the samc as 0.5 mm in 1OOmetres,or abou t 0.3 
inch in one mile .) 

ASME: American Society of Mechanical Engineers 

Coefficients of Thermal hpansion: 

Material length varies with temperature per 
the following expansion coefficients: 

Malerlal ppml"C 

Aluminum 23.1 
Brass 19.4 
Steel 11 .7 
Granite 11.0 
Cast Iron 10.5 
Pyrex Glass 3.2 
INVAA 1.2-2.0 

"Standard" materia l temperature is 20° C {Gao Fl. 

Conversion Factors: 

To Obtain Multiply By 

Mils Microns 0.039370 
Inches Millimetres 0.039370 
Feet Metres 3.280839 

Microns Mils 25.4 
Millimetres Inches 25.' 

Metres Feel 0.3048 

' F - 9/ SI'Ci +32 'C - S/ 91 1'Fi-321 

ppml"F 

12.8 
10.8 
6.5 
6.1 
5.7 
1.8 

0.7 -1 .1 
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Fa r End o( Travel : The point in your measurement setup when the Oplics are al their (arlhest 
distance apart during a measurement. 

H8: symbol for the cht!mical element Mercury. 

laser, LASER: An acronym of " light AmplificaTion caused by the Stimulated Emission of 
Radiation". Also, the device that produces light usinglhis effecl. 

LEO (Lighl-Emilling Diode): A semiconductor device thai emits light when the correct 'milage is 
applied. 

Microinch : One millionth of an inch. 

Micromelre: In this User's Guide, one millionth of a metre, or one thousandth of a millimetre 
(mm). Another name for micrometre is Micron . 

Near End of Travel: The point in your measurement setup where your OptiCS are as dose as they 
will ever be during a measurement. 

Parls-per-million ("ppm"): a means of standardizing a changing quantity by comparing some 
number of your measurement units against one million of those units (sari of a high-resolution 
"percentage" ). 

To use "ppm", multiply the va lue preceding the expression by the number of mil l ions over which 
it app lies. For example, if your measurement error is "10 ppm", and your measurement length is 
" 100 mm" (4 inches), then your error wi ll be -

100 mm x 
10 mm 1000 mm 

= 0.(X)1000 mm = 
1 million mm 1 million 

or 

4 inches x 
lOin 40 inche~ 

= 0.000040 inch 
1 million in 1 million 

To give you an idea of how smalllhi", quantit y can be. 1 ppm is -

One inch in about 15.8 miles 

One second in about 11 .6 days 

One pound in the weight of about 6500 people 

One car- length in the distance from s..n Francisco 10 New York 
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PilCh : Rotiltionill movement ilbout a side-to-side horizon tal axis. 

Roll : Rotation about a lengthwise horizonta l axis. 

Rotation (of the laser I-lead): An angular adjustment of the laser Head 's orientation to direct the 
laser beam as required for your measurement. 

Translation (of the laser Head ): A st raight- line adjustment of the laser /-lead's position to direct 
the laser beam as required for your measuremenl. 

Trigonomet ry: An angle of one degree is an angle in which the rotation is 11360 of one complete 
rotation. 1 degree = 60 arc-minutes = 3600 arc-seconds. 

A waight angle is an angle of 180° (180 degrees). 
A right angle is an angle of 90°C. 
An acute angle is an angle between 0" and 90°. 
An obtuse angle is an anglc between 90° and 180°. 

The Trigonometric Functions of an Acute Angle 
In Ihe right triangle ABC. 
sine A = sin A = al e 
cosine A = cos A = blc 
tangent A = tan A = al b 

cosecant A = c;c A = ci a 
secant A = sec A = cl b 
cotangent A = COl A = ctn A "" bl a 

B 

c 
a 

A ~~--------~------~ C 
b 

Wavelength: for light, equal to the velocity divided by the frequency; units are distance-per­
cycle (although the "per-cycle" is normally omitted ). 

Yaw: Rotation about a vertical axis. 
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