General Training Manual

July 2024

‘ ‘ HAMAR HAMAR LASER INSTRUMENTS, INC.
www.hamarlaser.com
LAS E n ® Five Ye Olde Road, Danbury, CT 06810
Phone: (800) 826-6185 Fax: (203) 730-4611

ALIGN WITH THE BEST International: +1-203-730-4600




Table of Contents

AN Introduction to Laser AIGNMENT...........uuiiiiiiiiiii et 1.
Alignment SYStemM COMPONENTS........uuuiiriiiiies i e ceeereerr s s e e e e e e e e e e s amassaaaaeaaaaaeaaaeeeeeeeessrnnns 2
IS S ST P PSP 2
The L-743 UltraPrecision Triple SCANLASEL. ..........cc.ccveeeeeveeieeeireeeteeeeseesreeeeeeeeenen, 2
The L-733 Precision Triple SCan® LaSEr...........cccuuuuiiiiiiieeeiiiiiiiiiiieeeeeee e eeeeeeeees 4
The L-742 Dual Scan® Ultrérecision Roll Alignment Laser..........ccccceeeeeeieeeeceeevnnnns 5
The L-732 Dual Scan® Precision Roll Alignment Laser.............ooooooiiiiiemeeeeieeeienes 6
The L-730 Precision LeVeliNg LaSEr.......cccoiieeeiiiiiiieieeee e eeeeeetmmme e e 7
The L-740 UltraPrecision Leveling Laser..........coooo i 7
The L-741 UltraPrecision Leveling Laser with Plumb Beam..............cc.covvvieeeee. 8
L= L0 = PSPPI 9
A-15192.47B/A-15192.4XBE and A15202.4ZB/A-15202.4XBE SingleAxis
WITEIESS TAIGELS ... uueiieiiiiiiiiie i ettt e e e e e e rn e 9
== o (o0 TP 10
The R13582.4XBE Wireless, Ruggedized PDA Data Receiver with Read16 Android
101111172 1 PP U TP PP TR 10
The R13572.4ZB/R13572.4XBE Wireless, Ruggedized PDA Data Receiver with
Read16 ANdroid SOIWAIE........cccuuuiiiiiiiiiiieeeiiii it e e e s e e e e e e e e e e e e e e e e e e e e sane 11
The R13562.4ZB Wireless, Ruggedized PDA Readout with Read15 Software...12
The R1307W REAUOUL........c.uiiiiiiiiiiiiiiiieeeiiiriiieii ettt et e e e e e e e et e e e e e e e e e e e e e e e e s s nmmnas 13
COMPULET INTEITACE.....eeieeiiii e e e 14
A-9102.4ZB/A-910-2.4XBE Wireless Computer Interface.............cccevvvvvvieeeeeeennn. 14
Preparing to Perform an AlIGNMENL..........oooiiiieree e 15
Defining Flatness and LEVEL...........uuiiiiiiiiii e 15
Setting Up the TargetS.......cooooiiiiiieeeeee e 15
Using the Control Panel..........coiiiiiiieee et e 16
The PrecisSion LEVEI VIAlS.........uuueiiiiiii e 17
Reading the Precision LeVel VIalS. ...t 17
Reading the £740SP SpliPrism Level VialS.......cccooooeeieiiiiiiiiieeee e 17
Calibrating the Level VIalS..............iiiee e 18
ZeroiNg the TargelS . .uuuu it eree e e e s eeeees 18
Calculating the Calibration of the Level VialfRoll AXiS......ccccoeeeeeiiiiiiiiiiieeen e 19
Setting the First Level Viadl ROl AXIS..........ccoooiiiiiiieeeee e 21
Checking the Levels fOr ACCUIACY........ccccuuuiiiiiiiiiieeeiiiiiibiee et e e e e e eeeee e eeeaeeeeas 21
Calculating the Calibration of the Levels Vial®itch AXIS.............cccoeeviiiiiiiieeee e, 22
Setting the First Level Vidl PitCh AXIS..........ooiiiiiiiiiiieeesiieeee e eeeeeeee 23
Checking the Levels for ACCUIACY........oiiiiiiiiiiie e ceeee e e 23
0= 1Y = 0o o 24
Normal versus Remote BUGR...............oooiiiiiiiiiii e 24
[N\ g = U = T8 o3 | o PSSR 24
REMOLE BUCKN ...ttt eeeeees 25
ThreePoint BUCKIN (FIAtNESS).......oooiiiiiiiit e eee e 26
3-Point Buckin Procedure Using One Targel.........ccovvvviiiiiiieeme e 27

Setting UP the EQUIPMEIIL.......uuiiiiiiiiiii ettt e e e e e e 27



Performing the dPoint Buckln Using One TargeL...........cccceevviviiviieeee e, 27

3-Point Buckin Procedure Using Multiple Targets........ccccooeeeeiiiiiiccciieees 28
2-Point Buckin on Machine Tool Axis (Straightness)...........ceeviiiiiiivcceciccieeee e 29
Aligning the Laser to the YAXIS Travel..........oooviiiiiiiiiiiiiie e 29
Measuring a MacChiniNg CENEEL............uuuuueiiii et e e e e e e e e ereerre s e e e e e e e e e e e e e e e eeeesrnnns 31
Setting Up (Buckingn) the Laser..........cccoiiiiiiiiiie et 31
[ oot To 11 ] =T PP PP PP PPPPPRTTPT 32
Aligning the Laser to the YAXIS Travel..........oooviiiiiiiiiiiiiie et 34
Measuring XAxis Straightness and Flatness Simultaneously................cccvvveeee.... 35
Y-Axis Flatness and Straightness an@ Y Y-X SqQUareness........ccccccccevvviiiiiiccceennn. 36
W-Axis Flatness and Straightness;Z\(in X) Parallelism, WZ (in Y) Parallelism.....38
Z-Axis Flatness and StraightnessXzand ZY Squareness,-XV (in X) Parallelism, 2V
(INY) ParalleliSM.........ooeeeeeeii e eerre e e e e e e e e e e e e e e e eernnnraeeeeaaesd 40
Additional Capabilities of the {743 Machine Tool Alignment System....................42
Measuring ROTAIY AXES..........cuuuuiiuuiiiiiiieeeeesrsttiiisss s e e e e e eeesamamsassaaseeaeeeseasessssssssnnneessesssesns 42
Checking A and B Rotary Axes and Tramming the Spindle...............cccooiieeniiins 43
Checking the BAxis Flatness of Rotation,-B& (in Y) Parallelism and B< (in Y)
=T 111 5] o TR 5 )
Checking the AAXxis Flatness of Rotation, X (in Z) Parallelism and A (in Z)
=T 11 1] 55 o SRR Lo
Tramming the SPINAIE........coiiiii e e a7
MEASUINNG SAWIMIILS. ...ttt ettt e e e e e e e e e e immme e e e e e e 48
Checking Log Carriage Straightness and Flatness/Level...............ccovieeeeiiieennnnn. 48
Checking Support Rollers for SQUarEnNess..........cooooeiiiiimmmn e 49
Checking SavBlade SQUArENESS......ccoiiiiiieeeeiieiiieeei e e eeeemnme e e e e e eeeeaaneans 50
Checking SawBlade ParalleliSm..............cciiiiiieee e 51
Checking Plumbness Of Blades............oiiiiiiiii e eeeeeeee e 51
Roll Alignment Buckin and Laser Transfer Procedure..............ccccuvviimmmrniniiiiiiiiiiieeeee 92
The L-742 AlIgNMeNnt ProCEAULE............ooviiiiieiiiiiemme e e 53
Horizontal ROIl ParalleliSm............coooeiiiiiieeeeee e 53
Choosing a Reference for Roll Alignment..............oooiiiieee e, 53
Remote BUCKN FOrMUIA........ccooiiiiii e e 59
Using Read15 for Remote Budhs 0N ROIIS.............oovvviiiiiiiiiieee e 60
LeVElNG ROIIS ...t 62
Arc Measurement MethodSweeping Through the ArC............veeieiiiiiiicecin, 63
Tramming Method for Hartio-Reach ROIIS.............oooooiiiiie e 64
The T-1600 NonMagnetic Roll Fixture for the A5192.4ZB/A-15192.4XBE Target65
JLIE L O o (0Tt = o [ ] = S 65
Checking Drive Shaft AGNMENL...........oooiiiiiii e ereee e 65
Appendix AT EQUIPMENT DIAWINGS. .....ccviiiiiiieaeeeeie e 66
Appendix Ci Care and Cleaning of Target OptCS.......cccoevvviiiiiiiiicceie e see /O
Appendix Di Coping with Atmospheric Effects...........cccciiiiiiiiieeeiiiieeeeee e 77
Reducing Atmospheric Effects with Fans...........c.ccoooo i eeeee 78
(= =Totu do] o1 o3 B 2= 10 1] o] oo NP PPUR PP PR 78
Air Turbulence and Outdoor Usd-ixed Centerline Alignment.............ccccceeeeevvvieee. 79

Appendix Ei Interpreting the AL519/1520 Calibration Reports...........ccococviiviimnnniieiennns 80



Appendix Fi Troubleshooting GUITE...........ccooiiiiiiieiieeee e 32
Appendix Gi The A-910 Radio Transceiver/Hub and the9A0-2.4ZB/A-910-2.4XBE Radid85

Front Pan@l FEATUIES. ........uviiiiiiiiiii et e e 85
Rear Panel FEAUIES..........ooviiiiiiiiiiicccee ettt e e e e e e e e e emnn s 85
The Zigbe& Radio Utility for the A910-24.ZB.......c..cceoeeieeceeee e 86
Preinstalling the Common USB Port Driver {#1.0-2.4ZB/A-910-2.4XBE)............... 86
Configuring the Hardware and Utility Settings.............cooovvviiivieeei e 87
Manually Selecting the COM POLL............uuiiiiiiiiiiieeeiiiiie e 88
Setting the Target System ID and Target Network ID.............ccooovviiieeeiiiiiieeeeeee, 89
Setting the SYStemM ID.......coooiiiiii e e e e eeenee s 89
Appendix Hi Centering the Targets on the Floor MONUMENLS........cccooeviviiiiceecicieeeeeen. Q0
Appendix 1T Using Older AlIgNnment SYSIEMIS.........ccooiiiiiiiiiiiiie e eeee e 92
0] ] £ SRR 92
L= L0 = PP 92
Target Cell FUNCHION anNd ACCUFACY..........ooviieiiiieiiiemme e ern s 94
Y= 10 [0 £ S 95
Target Connections for Scanning LasersS.........cccoovvvviiiiieeei e 96
Calibration of REAdOULS T0 TAIGELS........uuuuiiiiiiiiiiiiieeeeiiiii et e e 96
Appendix Ji Machine Tool Alignment Methods for Older Equipment.................cc.oo...... 102
Level to Earth MeasuremMentS........ccooo e iiiiiiiiieeee e eeme e 102
Setting Up and Leveling the Laser............oovvviiiiiiicrieeeeeece e 102
ThreePoint BuckIn (FIatNESS).......ccooiiiiiiiieeee e 102
ThreePoint BuckIn Procedure Using One Target.......ccccceeeeiieeeeiiiceciiiiiee e 103
ThreePoint Buckin Procedure Using Multiple Targets........cccccccvveiiiiiiiccneeeeeeenn. 105
Two-Point Buckin (StraightneSS)........uuueeiiiiiiiii e eeeen e 105
TwO PoiNt BUCKIN PrOCEAUIE. ........ceeeeeeeiiie s rrenae e e e e e e e 105
Close versus Remote BUBHK. .........cooeeiiiiiiiiiiiiiicee e e e e 106

Appendix Ki AgeNCY CertifiCAtIONS. ..........uuuiiiiiiiiiii et 109



An Introduction to Laser Alignment

Laser alignment is a simple and extremely accurate method of aligning machinery. A laser alignment
systenconsists of a laser, a target (or targets), and some form of readout (eitherteeladevice or a
computer interface). The laser provides an intense, narrow beam of light that stays focused over distances
of up to 100 ft. The target is a light sensitive cell ttet detecthe absolute center of the laser beam.
When the target is placed in the line of the laser beam, the readout dibpl@ftset between the center

of the laser beam and the center of the target cell, githphically, numerically, or both

In addition to lasers that producesaaight beam of light, Hamar Laser also manufactures laser that
produce a continuously sweepiplgne These planes are produced by bending a laser beam precisely 90°
using an optical penta prism. A | aser pl-iam&) itso us
three reference points or a datum plane, thiedh using targets to measure deviations from those points.

Once the laser is bucked in, any point within range of the laser system (up tdtara@tus (30.5 m))

can be aligned to the reference points.

Ha mar L a sptanedasersnsucdh asithe’B3 and L743, generate up to three ulftat laser planes
(both horizontal and vertical) and can be used with multiple targets on multiple axes to check alignment.
In most cases, this requires only one setup procedure.

Laser -imbucack fers to the adjustment of a |l aser p |
measured (a tabletop, a surface plate, or a way surface). Three points are requirednta basdr plane

to a reference surface. Two points are needed to-ibuakstraighine laser to a reference line (i.e.,
centerline). For most machining centers, the alignment process begins by Hocltieglaser to five
reference points, three points wusing the horizont
using one of the vertical planes. The two reference points for the vertical plane are usually chosen from
either the X or Y straightness motion of the machine. The horizontal plane is measured using vertically
mounted targets and the vertical plane uses horizontally mounted targets. The pitch, roll and yaw of the
laser planes are adjusted by using adjustment knobs built into the base of the laser.

After bucking in, the target is moved to various points along the surface where it measures deviation from
the laser reference plane. For squareness, a target is placed (usually horizontally) on one part of the
column and zeroed. The column is then traversed up or down and any deviation becomes a measurement
of squareness since the laser plane used for measuring is perpendicular to the reference laser plane.

This manual will cover the four procedures that are necessary to use a Hamar Laser alignment system:

1. Reading and Calibrating the Laserds Precisi o]
2. ThreePoint Buckin

3. Two-Point Buckin

4. The NORMIN Procedure

Any alignment you perform consists of one or more of these procedures. This manual will explain these
procedures and how to perform them. By fully understanding them, you will be able to align vatyally
machine, transfer line or production setup. In addition, this manual contains several appendices that cover
more advanced procedures and alignments using older Hamar Laser products.



Alignment System Components

Lasers

The L-743 Ultra-Precision Triple Scarf Laser
The L-743 UltraPrecision Triple ScéhL aser i s Hama
versatile and powerful machine tool alignment laser. It has b
designed specifically for-8-axis machining centers to measure a
correct machine geometry. In most cases, all it takes is one set
measure flatness, straightness, parallelism and squareness of the
axes of most typical machining centers.

Since the system provides live measurements, any errors tha
found can be fixed with the same setup. The laser mounts
machine or stable base so that the laser plane can projec
measurement reference out to 100 ft. (30.5 m) in radius for each
plane.

Applications: (for alignments with tolerances of .000@2ft or 0.0017mm/mor greater)

1 Machining centers (HBMs, VBMs, HMCs, VMC: 1 Automotive transfetine wing bases
VTLs, gantries and surface grinders) 1 Injection molding machines and presses
1 Aircraft assembly (seat track alignment, setting water, butt and station planegpswiogdy and body
to-body join alignment, etc.)
Roll parallelism in:
{ High-precision, laser and watggt cutting machines 1 Paper mills 1 Film lines
1 Circuit board drilling machines {1 Printing presses 1 Blown-film lines
Measuring and aligning:
1 The flatness of almost any surface (squares, frai§ The straightness of horizontal and verti

ways, flanges, circles, etc.) surfaces
1 The squareness of up to 3 surfaces 1 The straightness and flatness of
1 Measuring surfaces up to 200 1 m) long with  horizontally and vertically traversing axes
one setup 1 Checking plumb of a vertical surface up t
{ The parallelism of horizontal and vertical surfagps 100 ft (30.5 m)
to 100 ft (30.5 n) apart 1 Checking way twist and parallelism
1 Checking way twist and parallelism between between vertical surfaces

horizontal surfaces



Features
1 3 continuously rotating laser planes with operation § Laser planes flat to ¥z arc seconds (.0000:

range of 100t. (30.5 m) in radius. in/ft or 0.00235nm/m) in 180° sweep anid:
1 Instant on with virtually no warmp arc second (.000&lirv/ft or 0.0008nm/m)
1 Topto-Back and Togo-Side LasePlanes are squar in 90° sweep).
to 1 arc sec (.00006/ft or 0.005mm/m). 1 Includes Pitch/Roll/Yaw base with coarse
1 Sideto-Back LaselPlanes are square 3arc sec and fine adjustments and lighted levels.
(.00018 irfft or 0.0L5mm/m). 1 System uses Windowsased software for
{ Standardévelsareaccurate t@ arc second.Q0012 quickly recording and analyzing machine
in/ft or 0.01 mm/ny. geometry data

1 Split-Prism Upgradé.evelsareaccurate to 1 arc 1 Typical setup time 20 minutes or less
second (.00006 in/ft or 0.66mm/m).

{ Targets provide live data display

{ Standard target: A-15192.4ZB/A-15192.4XBE
SingleAxis Wireless Target with 0.5 micron
(.000®M2 in) resolution

1 UsesA-15202.4ZB/A-15202.4XBE Single-Axis
Wireless Target wit.25 nicron (.000@1 in)
resolution for higher accuracy applications.

{ Laser and targets fit into a small, portable shipping
case

1 M-124-LiPo 9V Lithium Polymer Rechargeable
Battery Pack or 11240V A/C 9V Adapter



The L-733 Precision Triple Sca® Laser

The L-733 Triple Scan Laser was specifically designed for
machining centers to measure and correct machine geometry. It has
all of the innovative and highly useful features of th&43 Ultra
Precision Triple Scan Laser, with lower accuracy and a medium
adjustment base. It is very useful for checking the alignment of
large fabrications or aligning large airplane sections in aircraft
manufacturing.

In most cases, all it takes is one setup to measure flatness,
straightness, parallelism and squareness. Since the system provides
live measurements, any errors that are found can be fixed with the
same setup. The laser mounts on a machine or stable base so that
the laser plane can project the measurement reference out to 100 ft.
(33 m) in radius for each laser plane.

Applications: (for alignments with tolerances of .0005 in/ft or (0.038 mm/m) or greater)
{ Machining centers (HBM, VBM, VTL, VMC, 1 Water jet and laser cutting machines

HMC, gantries, surface grinders) 1 Leveling machine beds and ways
1 Checking the alignment of large bearing surfa 1 Roll alignment (rubber, steel, textile and low
and fabrications accuracy film lines)

1 Aircraft assembly (seat track alignment, sett 1 Sawmills
water, butt and station planes, wittgbody and { Vertical press alignment
bodyto-body join alignment, etc.)

Measuring and aligning:

1 The flatness of almost any horizontal or vertical { The straightness of vertical and horizontal
surface (squares, frames, ways, flanges, circles, axes
etc.) or axes f Measuring surfaces up to 200 ft. (66 m) lon¢
1 The squareness of any 2 vertical surfaces or axe with one setup
1 Way twist and parallelism between vertical or ~ { The parallelism of vertical or horizontal

horizontal surfaces surfaceaup to100 ft. (33 m) apart

1 Way twist and parallelism between vertical or ~ § The squareness of any vertical machine axi:
horizontal surfaces surface to horizontal axis or surface

1 Checking plumb of a vertical surface up to 100 fi
(33 m)

Features:

7 Continuously rotating laser planes wi § Top-to-Back and Togo-Side LasePlanes are
operational range of 100 ft. (33 m) in radius. square to arc sec.00012in/ft or 0.0dImm/m).
1 Standard targetA-15192.4ZB/A-15192.4XBE 1 Sideto-Back Laser Planes are square to 3 arc
SingleAxis Wireless Targetwith 0.5 micron sec (.00018 in/ft or 0.015mm/m).
(.000®2 in) resolution 1 Includes Pitch/Roll/lYaw base with mediur
1 System uses Windowsased software fo resolution adjustments and lighted levels. Le\
quickly recording and analyzing machii accurate to 2 arc seconds.
geometry data 1 M-124LiPo 9V Lithium Polymer
1 Typical setup time 20 minutes or less Rechargeable Battery Pack or 1240V A/C
1 Laser planes flat to 2 arc seconds in 180° sw 9V Adapter
and 1 aresecond in 90° sweep



The L-742 Dual Sca® Ultra -Precision Roll Alignment Laser

With two continuously sweeping, ultfat, orthogonal laser

planes, the 742 Dual ScahLaser is ideally suited to roll
alignment applications. The laser can be configured at the factory
to have either 2 vertical planes (typically used for roll alignment),
or 1 horizontal and 1 vertical plane, allowing a user to not only
measure, but also fix alignment problems in a fraction of the time
needed with conventional methods.

Using the =742 you can quickly and easily check and correct
horizontal roll parallelism of even the tallest process mills, pick
up and check offset centerline benchmarks, and perform similar
alignments with increased accuracy and shorter setup times.

Applications: (for alignments with tolerances @f0002 in/ft or 0.0017 mm/m or higher)

1 Roll parallelism in paper mills, printing press 1 Leveling almost any surface (squares, fran

and film lines ways, flanges, circles, etc.
1 Roll forming machines 1 Checking plumb of a vertical surface up to 1
1 High-precision, laser and wat@t cutting ft. (30.5m)

machines 1 Checking way twist and parallelism betwe
1 Measuring surfaces up to 200 ft. (61 m) long w surfaces

one setup

1 Circuit board drilling machines

Measuring and aligning:
1 The flatness and straightness of almost any sur 1 The flatness and straightness of horizont:
(squares, frames, ways, flanges, circles, etc.) and vertically traversing axes
1 The parallelism of vertical or horizontal surfaci § The squareness of a@ysurfaces
even if those surfaces are 100 ft. (30.5 m) apart § The flathess and straightness of verti
surfaces

Features

7 Continuously rotating laser planes wi § Laser planes flat t6.5arc seconds in 180° swet
operational range of 100 ft. (33 m) in radius. and0.25arcsecond in 90° sweep
1 Standard targetA-15192.4ZB/A-15192.4XBE ¢ Top-to-Back LaselPlanes are square taic sec
SingleAxis Wireless Targetwith 0.5 micron (.00006in/ft or 0.005mm/m).
(.000M2 in) resolution 1 Sideto-Back Laser Planes are square to 3 arc <
{ Standard levels are accurate to 2 arc sec (.00018 in/ft or 0.015mm/m).
(00012 infft or 0.01 mm/m). 1 Includes Pitch/Roll/’'Yaw base witHine and
1 Split-Prism Upgrade Levels are accurate to 1  mediumresolution adjustments and lighted leve
second (.00006 in/ft or 0.005 mm/m). 1 M-124LiPo 9V Lithium Polymer Rechargeable
1 System uses Windowsased software fo  Battery Pack or 11240V A/C 9V Adapter
quickly recording and analyzing machi
geometry data
1 Typical setup time 20 minutes or less



The L-732 Dual Sca® Precision Roll Alignment Laser

r i Primarily designed for roll alignment and other similar
alignment applications that do not require the exacting
tolerances of the{742 UltraPrecision Dual Scé&n_aser,

the L-732 Precision Dual Scér.aser also offers 2
automatically rotating laser planes that can be configured at
the factory to have either 2 vertical planes (typically used for
roll alignment), or 1 horizontal and 1 vertical laser plane.

Using the =732 you can quickly and easily check and
correct horizontal roll parallelism of even the tallest process
mills, pick up and check offset centerline benchmarks, and
perform similar alignments with increased accuracy and
shorter setup times.

Applications: (for alignments with tolerances of .00015 in/ft or (0.01 mm/m) or greater

1 Normal or blownfilm lines (roll alignment) 1 Leveling almost any surface (squares, fran
1 Rubber (roll alignment) ways, flanges, circles, etc.

1 Laser cutting machines 1 Checking plumb of a vertical surface up to 1
1 Waterjet cutting machines ft. (30.5 m)

1 Steel (roll alignment) 1 Checking way twist and parallelism betwe
1 Sawmills vertical surfaces

1 Textiles (roll alignment)

Measuring and aligning:

1 The flatness of almost any vertical surfe 1 The straightness of horizontally and vertica
(squares, frames, ways, flanges, circles, etc.) traversing axes

1 The parallelism of vertical or horizontal surfact 1 The squareness of any two vertical surfaces
even if those surfaces are 100 ft. (30.5 m) apart § The flathess and straightness of verti

1 Measuring surfaces up to 200 ft. (61 m) long w surfaces

one setup
Features
7 Continuously rotating laser planes wi q Laser planes flat t®.0 arc seconds in 18C
operational range of 100 ft. (33 m) in radius. sweep and..Oarcsecond in 90° sweep

{ Standard target: A-15192.4ZB/A-15192.4XBE ¢ Top-to-BackLaserPlanes are square t@gc sec
SingleAxis Wireless Target with 0.5 micrgn000002  (.00012in/ft or 0.0Imm/m).

in.) resolution 1 Sideto-Back Laser Planes are square to 3 arc
1 Standard levels are accurate to 2 arc second (.00 ggc (.00018 in/ft or 0.015mm/m).
in/ft or 0.01 mm/m). 1 Includes Pitch/Roll/Yaw base wifine and

1 SplitPrism Upgrade Levels are accurate to 1 .o4iumresolution adiustments and liah
second (.00006 in/ft or 0.005 mm/m). ediumresolution adjustments and lighted
7 System uses Windowsased software for quickl levels.
g AU ¢ M-124LiPo 9V Lithium Polymer Rechargeabl

recording and analyzing machine geometry data
1 Typical setup time 20 minutes or less Battery Pack or 13240V A/C 9V Adapter



The L-730 Precision Leveling Laser

Different applications require different levels of accuracy, which is
why we developed two accuracy levels for our leveling lasers.

ThelL-730 Precision Leveling Laser is iddat precisionlevel work
where tolerances are not as critical, such as simple fabrication
alignment checks, fabrication machinery beds, soles plates, etc.

Features

1 Flatness capability to .00006 in/ft. (0.005 mm/m) in 90 degree
sweep

1 Standard leveling capability of .00018 in/ft (0.015 mm/m)

1 100 ft. (30 m) radius operating range

1 Pitch/Roll Coarse Adjustment Base with coarse tilt resolution o
.010 in. in 100 ft. (0.25 mm in 30 m)

Applications Capabilities

9 Fabrication machinery beds and guideway I Flatness single and interrupted surfaces

1 Sole plates 9 Levelness

1 Platen parallelism (small presses and inject 1 Parallelism vertical/horizontal surfaces
molding machines 1 Straightness

1 Tablet glass flatness 1 Machine bed guideway twist

1 Pitch and roll angular measurements

The L-740 Ultra-Precision Leveling Laser

The L-740 UltraPrecision Leveling Laseis our most accurate and ukra

precise lasefThe 740 i s wused for more demanding
such as: leveling machining centers, gantries, taggklathes, surface plates,

presses, turbine split joints, etc. where fbar times greater accuracy is

required.

Features

1 Flatness capability to .000015 in/ft. (0.0013 mm/m) in 90 degree swee

1 Split-Prism leveling capability of .00006 in/ft (0.005 mm/m) with upgra

1 100 ft. (30 m) radius operating range

1 Pitch/Roll Coarse/Fine Adjustment Base with coarse tilt resolution of .
in. in 100 ft. (0.25 mm in 30 m) and fine tilt resolution of .001 in. in 10C
(0.025 mm in 30 m)

Applications: Capabilities
9 Machine tool guideways i Flatness single and interrupted surfaces
1 Surface Plates 1 Levelness
1 Sole plates 1 Parallelism vertical/horizontal surfaces
1 Steam turbine split joints i Straightness
9 Platen parallelismi large presses and injectic § Machine bed guideway twist

molding machines 1 Pitch and roll angular measurements

i Tablet glass flatness



The L-741 Ultra-Precision Leveling Laser with Plumb Beam

For customers with limited budgets, the741 UltraPrecision
Leveling Laser with Plumb Beans a good choice for measuring
many different applicationslt features a continuously sweeping,
ultraflat, laser plane with a perpendicular plumb beam for not only
measuring, but also fixing alignment problems in a fraction of the
time needed with conventional methods.

Features

1 Continuously rotating laser planes with optional range of 100 ft. (33 m) in radius.

I Standard targetA-15192.4ZB/A-15192.4XBE Single Axis Wireless Target with 0.5 micron (.0000(
in.) resolution.

Standard levels are accurate to 2 arc seconds (.00012 in/ft or 0.01 mm/m).

Split-Prism Upgrade Levels are accurate to 1 arc second (.00006 in/ft or 0.005 mm/m).

System uses Windowsased software for quickly recording and analyzing machine geometry data.
Typical setup time 20 minutes or less.

Laser planes flat to 0.5 arc seconds in 180 degree sweep and 0.25 arc second in 90 degree sweep
Plumb laser beam is square to the scan plane to 1 arc sec (.00006 in/ft or 0.005 mm/m).

Includes Pitch/Roll/Yaw base with fine and medioesolution adjustments and lighted levels.

Optional M124 LiPo 9V Lithium Polymer Rechargeable Battery Pack or included220¥ A/C 9V
Adapter.

=4 =4 =4 -8 -8 -8 -89

Applications: Measuring and Aligning
1 Machining centers, gantries and boring mills. 9 Flatness and straightness of almost any sur
1 Measuring surfaces up to 200 ft. (61 m) long with ¢  (squares, frames, ways, flanges, circles, etc.

setup 9 Parallelism of horizontal surfaces, even if thc
1 Leveling almost any surface (squares, frames, w  surfaces are 100 ft. (30.5 m) apart

flanges, circles, etc. 9 Flatness and straightness of horizontally and vertic
1 Checking plumb of a vertical surface up to 100 transversing axes

(30.5m) 9 Squareness of any two surfaces
9 Checking way twist and parallelism between surfac | Flatness and straightness of vertical surfaces



Targets

Note: The targets discussed in this section can easily be converted to a height gage, as the center of the target cell
is set to a known distance from the bottom of the target housing. By attaching precision spacers to the base of the
target, the exact dimension from the laser plane to the measured surface can be obtained. These precision spacers
are available in 1in. (25.4 mm), 2n. (51 mm), 3n. (76 mm) and 6n. (154 mm) sizes, all of which are accurate to
.0003in. (0.008 mm).

A-15192.47B/A-15192.4XBE and A-15202.4ZB/A-15202.4XBE Single-Axis Wireless
Targets

The A-15192.47B/A-15192.4XBE SingleAxis Wireless Target
provides wireless communication with &.5 in. (12 mm) measuring
range, an el ect r onindooroperatng mrge &faD
ft. (30.5m) from laser to target. Thargetsfeature a resolution of .00Q
in. (0.005 mm), a fully linearized, positieeensitive detector with
automatic backgrounlight correction, automatic on/off operation (las
turns it on), and an etarget indicator.

The A1519 is linearized to withirt.00015 in. (£0.0038 mm)over the
useful range of the target. @&e targets can easily be converted to
height gage, as the center of the target has been set to a tightly cont
dimension. Attach the 2.56@. (65.15 mm) spacer to the base of tl
target and the exact dimension from laser plane to the measured si
can be obtained. Optional precision spacers are availabldann(25.4
mm), 2in. (51 mm), 3in. (76 mm) and 6n. (154 mm) sizes, all of which
are accurate to .0008. (.008 mm).

For applications where greater accuracy is needed, such as surface

the A-1520 has a resolution of .0QDM. (0.25 micron3g and is linearized

to within £ .000@ in. (0.0015 mm) over 80% of the sensor ardahas a Figure 15 A-15192.47B SingleAxis Wireles
.250in. (6.35 mm) measuring range and all the other features of thTarget

15109.

Applications
1 Flatness, levelness, straightness, squareness and parallelism of machine tools, roll alignment applications, and
surface plates (A520). Primarily for use with 1740 series of lasers but can also be used with {hg0Lseries.

Features

1 Wireless infrared communication with a range of u@06 ft (30.5 m) with direct line of sight.

1 The A-1519hasa resolution of .000ih. (0.0025 mm). The AL520 has a resolution of .00002 (0.0005 mm).
1 The A1519 is linearized to within: .0008. (0.012 mm). The AL520 is linearized to within .00004. (0.001
mm).

A-1519hasa lin. (25.4 mm) measuring range. ThelA20 has a .250. measuring range (6.35 mm).
Automatic backgroundight correction for added accuracy.

Can easily be converted to a height gage by attaching optional precision spacers.

Automatic on/off operation with no switches, wires or connections.

Flashing target indicators provide immediate “taffget" status.

Powered by a rechargeable lithition battery and comes with AC adapter/charger.

Low battery and charging indicators show when charging is complete.

=A =4 =4 -4 -8_-a_-9



Readouts

The R-133-2.4XBE Wireless, Ruggedized PDA Data Receive
with Read16 Android Software

The R-1353-2.4XBE offers haneheld convenience, wireless
communication via the ZigBee Networking protocol, and ruultipose
Read16 Android Software. The1353-2.4XBE uses a rugged, IP76
Android PDA combined with Read16

Android Software to display the data for owlA819/A-1520 wireless
targets and any of our£30-740 Series rotating lasers. When combined
with ourR-13072.4ZB/R-13072.4XBE Readout, it can also display the
data for our Zaxis targets. Data can be displayed for up to five siagie
targets and two-2xis targets.

The radios employ a frequenbwppping protocol to avoid interference
with other radio devicesperating at the same frequency. The radio allo
the selection of different system IDs so that two or more systems can
in the same area without interferingth each other.

Figure 2 i R-13582.4XBEPDA Data Receiv
with Read16 Android Software
Features of theR-1353-2.4XBE

1 A rugged PDA with a sealed wireless transmitter and a7 Bh@ironmental rating that can survive
water up to three feet with no harm.

Long battery life of up td7 hours with active use (recharges in 2.5 hours)

Read16 Software pii@stalled for basic alignment functions.

Data display for up to five wireless targets.

Wireless range of up to 133 feet.

=A =4 =8 -8 =9
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Compatibility with any of Hamar Laserds cont.
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The R-13572.4ZB/R-1357-2.4XBE Wireless, Ruggedized PDA Data Receiver with Read16
Android Software

TheR-13572.4ZB/R135%2.4XBE offers haneheld convenience,
wireless communication via the ZigBee Networking protocol, ar
multi-purpose Read16 Android Software. TRd.357%2.4ZB/R

13572.4XBEuses a rugged, IB&ndroid PDA combined with 0978 :
Readl6 | -.0581 =
Android Software to display the data for ow1A19/A 1520 OFF TGT @

wireless targets and any of ow730-740 Series rotating lasers.
When combined with ouR-13072.4ZB/R1307-2.4XBE
Readout, it can also display the data for cax targets. Data
can be displayed for up to five singd&is targets and two-&xis
targets.

-
-
-
23

o &

i

The radios employ a frequenbwpping protocol to avoid
interference with other radio devicegerating at the same
frequency. The radio allows the selection of different system IDs
so that two or more systems can work in the same area without intexigthneach other.

Figure 3 7 R-13572.4ZB PDA Data Receiv
with Read16 Android Software
Features of theR-13572.4ZB/R-1357%2.4XBE

A rugged PDA with a sealed wireless transmitter and an IP 68 environmental rating that can survive

water up to three feet with no harm.

Long battery life of 10%2 hours with a 4% hour recharge time.

Read16 Software pii@stalled for basic alignment functions.

Data display for up to five wireless targets.

Wireless range of up to 133 feet.

Compatibility with any of Hamar Laserds conti nuc

=A =4 =8 -8 =9 =

Features of the Read16 Software

Two-Point BuckIn Wizard
Roll Alignment Buckin Tool
Date recording for up to 500 points

1
1
1
1 Adjustable data averaging to minimize air noise
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The R-1356-2.4ZB Wireless, Ruggedized PDAReadout with Read15 Software

The R1356 is an innovative readout thato me s wi t h Read®m
alignment softwarepreinstalledon a ruggedizedpersonal digital assistan
(PDA). The R1356 operates with both th&-15192.4ZB/A-15192.4XBE
and A-15202.4ZB/A-15202.4XBE radio wireless targets and an
continuously rotating laser. The readmain displaydata from up to eight
wireless targets and has areless range of up to 138, feliminating cabling
and multiple readouts. It allows a user to perform many alignment funct
with the convenience and portability of a handheld computer. The dis
screen shows a measurement value for each of the connected taittetise(
numbers corresponding to the labels on the targE}h numeric value
represents the position of the laser plane relative to the target centerli
positive reading indicates that target is above the laser plane; a net
reading indicates that the target is below the laser plane.

The R1356-2.4ZB can toggle betweeAbsolute (indicating exactly where
the laser plane hits the target cell) &wlative modes.In Relative mode, the
readout shows the measurement relative to thedetermined zero point. It
also shows a display of the difference between two target measureme

very useful feature for "buek," roll alignment and angular measuremen..,

and a graphical display of each target's position relative to the laser plane

Features

2 mestss 24 ok
-.0903 in

Figure 4 7 R-1356-2.4ZB Wireless

PDA Readoutwvith Read .5 Software

T A rugged PDA with a sealed wireless transmitter and an IP
environmental rating that can survive water up ta &ith no harm.

Long battery life(15 hour$, with a 2.5 hour recharge time.

Read.5 software prenstalled for basic alignment functions.

Data display for up to 8 wireless targets.

Wireless range of up to 133 ft.

Compatibility with any of Hamar
Protective RF cap to cover and seal the Zigbee radio module.

=4 =4 =8 =8 -8 A -1
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Laser 60s

Radio powered by and sealed inside the PDA, requiring no external power supply.

cont i
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The R-1307W Readout

The R1307W Readout can be used for ammaxés target as well as twé-15192.4ZB/A-1519

2.4XBEA-15202.4ZB/A-15202.4XBE wireless targets.

The readout may be configured in Master

Mode or Listen Modé€see the RL307 manual for complete configuration instructions)

UPPER LED DISPLAY
TWO AXES TARGET: VERTICAL AXIS
or SINGLE AXIS SCAN TARGET A

RADIO ‘POLL’ (MASTER) MODE
INDICATOR

[ON": INDICATES THAT THIS
READOUT IS IN MASTER
MODE, POLLING

TARGET(S) FOR DATA

TARGET MODE INDICATORS

[ON": THE DISPLAY SHOWS
SINGLE AXIS DATA FOR TWO
SCAN TARGETS: Aand B

OFF : DISPLAY SHOWS VERT. AND
HORIZ. AXIS FORA TWO

AXES TARGET

NIRELESS
TARG

@ zerR0O

DISPLAY MODE INDICATORS: ——
ZERO: DISPLAY SHOWS
RELATIVE POSITION RELATIVE
TO DATUM (ZERO POSITION)
ABSOLUTE: DISPLAY SHOWS
POSITION DETECTED BY TARGET
WITHOUT OFFSETS APPLIED.

TO SET DATUM POSITION PRESS
AND HOLD THE DOWN ARROW
KEY UNTIL THE DISPLAY READS
ZERO

COMMUNICATIONS INDICATORS:

UPPER LED: RADIO RECEIVING OR TRANSMITTING
DATA.

LOWER LED: USB CONNECTION INDICATOR
(OPTIONAL CABLE REQUIRED)

Figure 57 R-1307WReadouControl Panel Features

G
POLL
A&B TARGETS

DISPLAY UNITS
@mm @ INCHES

DISPLAY MODE

@ ABSOLUTE

(G o3 LOW BATT.

R-1307W WIRELESS TARGET READOUT

13

LOWER LED DISPLAY
TWO AXES TARGET: HORIZONTAL AXIS
or SINGLE AXIS SCAN TARGET B

— RADIO ‘LISTEN’ MODE
INDICATOR

ON": INDICATES THAT THIS
READOUT IS SET TO COPY
DATA POLLED BY ANOTHER
MASTER READOUT.

MENU BUTTON

— UP ARROW BUTTON
CHANGE SETTINGS
ALSO USED AS A QUICK-KEY
TO SWITCH FROM REL(ZERO)
TO ABSOLUTE MODE

~—— DOWN ARROW BUTTON
CHANGE SETTINGS
ALSO USED AS A QUICK-KEY
TO ENABLE REL.(ZERO) MODE
PRESS AND HOLD BUTTON
TO ZERO DISPLAY

- POWER BUTTON
PRESS TO POWER-UP THE
READOUT. PRESS AND HOLD
TO SHUTDOWN.

' POWER SUPPLY STATUS INDICATORS:

UPPER LED: BATTERY CHARGING INDICATOR
LOWER LED: LOW BATTERY INDICATOR



Computer Interface

A-9102.4ZB/A-910-2.4XBE Wireless Computer Interface

TheA-9102.4ZB/A-910-2.4XBE computer interface is a small, compact USB
dongle wireless receiver that communicates with up to 99 2.4GHz ZigBee®
targets. Power is suppliedby apt op compuTheA-& USB
2.47B/A-910-2.4XBEallows a data link for Hamar Laser software other than
Read.5, which is used on the-R35%6. Boththe R13% and theA-910-2.4ZB/A-
9102.4XBE Computer Interfacean be used in the same area when one is
configuredin Listen Mode and the other in Master Mode (the unit in Master
Mode controls the send/receive commands to get the targets to send their ¢
System IDs can be changed in the software PseE89).

Figure 67 A-910-2.4ZB/A910-2.4XBEDongle
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Preparing to Perform an Alignment

Please Note!
Our level vials are designed to be calibratedthe customerWe cannot guarantee that the level
vials are calibrated when you receive the equipment because of movement during shipping.
follow the procedure below specific to the level vials on your laser.

Defining Flatness and Level

iMeasuring |l evel d usually mdtempmperdefinitoonaf flamassif: & at ne s
surface is said to be flat to a tolerance if all the points on that surface fall withiparallel lines, or
planes, separated by the tolerance value.

For example, if the flatness tolerance is .0030 in. TIR, then all the points must deviate from zero by no
more thart .0015 in.

There aréwo ways to measure flatness using our lasers:

1 Level the laser, using our higitcuracy, buitin level vials, and measure the surface relative to the
level laser plane

1T Use three reference points -ono)jheosuhbaeeponht gr
the flatness relative to those three points.

After recording the data, it is best to use our Plane5 Software to analyze the data using {Bguazast
BestFit algorithm, which removes any slope error if the laser plane is not parallel to the surface, or if the
surface is not level but the laser plane is.

Setting Up the Targets

Targets may be mounted to a surface via the magnetic base. Target operation is automatic, with no
switches, wires or connectors, and flashing indic
targets transmit data every time the laser beam scans across the position detector and a new reading is
obtained. They rely on the laser to set the pace of the data transmission.

15



Using the Control Panel
Figure 6 showsthe control panel for the-£43 and L733

TRIPLE SCAN® LASER

lasers, including the locations of: R
1 The battery pack/AC adapter connection oI,
 The power switches and POWER ON indicator for t *W i
laser N—
f  The power switches for the individual scanners
1 The light for the precision level vials
Note: As of January 1, 2014, the level light switch h
been modified. The level light now stays on permanentl REAR SIDE
increase stability and allow the laser to warm up faster.
1 The rotation speed buttons. These controls slow
scanner spin until you can see the laser beam pass ove 0-9®
target (the farther away the target is located, the slower i " LASER.

turret must spin). Sele&LOW, MEDIUM , or FAST.

Figure8 shows control panels for the142 and L732 lasers,
both thdalfiWalclonfi gurati on
pl anes, an@eitlhengd Weclolnf i g
vertical laser plane and one horizontal laser plane. #
shown is the front panel for the130/L-740.

Figure 7 -- Laser Control Pand L-743 and L733 Laserl S ¢

POWER R POWER

P o TR
T ey andTARNE TSNS

- o
: H
¢

REAR SIDE

Figure 81 Laser Control Panels for the-t42, L-732 and L730/L-740 Lasers. On the left is tieWaW4d | dorifiguration, or two vertical
laser planes. In the center is tfieC e i-Wa |Irdgrdiguration, or one vertical plane and one horizontal plane.
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The Precision Level Vials

Reading the Precision Level Vials

Secure the laser base to a metal surface by - : AM THIC ADERTI
turning the locking magnetic base ON. Once ' e —
the laser is in position, power it on and use th
adjustment knobs to bring the bubbles to the |

center of both vials (sd€igure9). "

When both the PITCH and ROLL vials are
reading level, the laser plane will be level to
earth to within .00016 in/ft (0.015 mm/m) for
the Precision Levels and .00006 in/ft (0.005
mm/m) for the SplitPrism Levels

Use the 2 ends of recessed
windows to center the bubble

Figure 97 Precision Level Vial off center (top) and centered (bottor

Reading the L-740SP SplitPrism
Level Vials

Once the laser unit is in position on the bas
power it on and use tlamarsealignment
micrometers to bring the bubbles to the
center of the level window.

When the bubbles are close to the center,
thefine adjustment micrometers to align the
bubble halves to each other in the viewing N\ Lovel Window 4= Lovel Window #
prism window (se&igure10). When both bt 2

the PITCH and ROLL axis vials are reading . .

level, a level beam can be scanned at 360 L1 sl

degrees with a .0003 in. (0.0075 mm) Not Aligned - Laser Aligned - Laser is

deviation per 10 ft. (3 m). ot Leveled reveled

Figure 107 L-740SP SpliPrism Level Vial Assembly for740 Series Lasers
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Calibrating the Level Vials

Note 1: This procedure calibratesnly one level vial at a timand must be repeated for the other axis.

It is very important to ensure tevel both levelsvhen calibrating each ondrailure to do this makes it
nearly impossible to calibrate the levels.

Note 2:It is very important to warm up the laser for at least 30 minutes before starting this procedure.

The calibration procedure involves a series of steps to adjust the laser beam to be level to earth. Because
the leveling process is subject to so many variables, repeat the procedure to check for accuracy once the
initial readings are taken and adjustments are made. A typical sequence would be as follows:

i Determinethe Set Point and set the Pitch Axis.

i UsetheSet Pointvalue to set the Roll Axis.

1 Check both the Pitch and Roll axes. Reset the levels if necessary.

91 If the levels are reset, make a final check to determine if the laser level error is acceptable.

When calibrating the precision level vials, work on a surface that is level to earth within .001 to .002 in/ft.
A surface that is 10 to 20 ft. in length is ideal. When calibrating to shorter surfaces, do so with the
readout set to the .0001 in. mode. If you are using thé¥9 or A1520 Wireless Targets with the R

1356 PDA or with Hamar Laserb6s alignment progr ams
NEAR FAR
POSITION POSITION

I

|¢—————— DISTANCE ————»

v v

Figure 11 -- Laser and Target Setup for Calibrating the Precision Level Vials

Zeroing the Targets

The following sections refer fr 00012 ilzer oi
target is zeroed, the readout is reset to zero at the point where the lase
beam currently hits the target cell.

When using the A519/A-1520 Universal Targets, this is accomplished
through the Readl5/ Readl6 softw
alignment programs) by clicking the ZERO button, which zeroes out th
ABS (Absolute Mode) value. This reading is stored in memory and the
subtracted from all future readings. Once the target is zeroed, subseq

readings show only thaifferencefrom the original reading in ABS Mode. Avs:@® Brfast() O BI-Siow(20) O Meas.20)

Read | 2 Pt BI | Rol BI | Rec | Tot | Preflm
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Calculating the Calibration of the Level Vialsi Roll Axis

Note: It is very important to warm up the laser for at least 30 minutes before starting this procedure. It is
also very important téevel both the Pitch and Roll axis level viatkiring this procedure. Failure to do
this makes it nearly impossible to calibrate the levels.

1. Level the laser.
Using the adjustment knobs, level the lasebatbithe Pitch and Roll levels are exactly level (see top
of Figure9).

2. Zero the target in the Near Position.
Beginning with the Roll Axis, place a target on a point near to the laser. Mark this point with a
Sharpie® or othemarker so you can always reposition the target at the same point. Zero the target
according to the readout you are using.

3. Determine Far Reading 1.
Move the target to the Far Point and again mark this point on the surface andweitend down)
the target reading. This isar Reading 1
Measure the distance (D1) between the Near Point and the Far Points and write it down.
Note: It is recommended to repeat the measurements 2 or 3 times to check repeatability.

4. Determine Far Reading 2.
Rotate the entire laser unit 180 degreesldRel the laser using the adjustment knobs soltbitthe
Pitch and Roll levels are exactly level. Return the target to the Near Position, ensuring that it is placed
in the exact position as before. -Rero the target on this point. Move the target back to the Far
Pasition, again ensuring that it is positioned exactly as before. Record the target reading=dihis is
Reading 2

NEAR FAR
POSITION POSITION
«——— DISTANCE —»

Figure 12 -- Setup after rotating the laser 180 degrees
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5. Calculate the Set Point Roll Axis
Set Point = (Reading 1 + Reading 2) /Subtract the Set Point from Reading 1 and divide the result
by the D1 (distance between the points). The result is the-at#ib of the level vial in units of in/ft
or mm/m. To be within specifications, the calibration result should be as follows:

Split Prism Vial Assembly: O .00006 in/ft (0.005 mm/m)
Standard Levels: O .00018 in/ft (0.015 mm/m)

Example:
15 ft. (D1)
.000 (Near Reading)

.020 (Far Reading 1)
+ -.010 (Far Reading 2)
+.010 (Sum of the two readings)

Set Point:  +.010/ 2 = +.005

In/Out of Calibration Calculation = (Far ReadingSet Point) / D1
(.020-.005) / 15 = .001 in/ft- this is out of spec!

If this value is out of the specification, then you will need to use the Set Point to bring the level vial
window back into specification. See Step 6.

20



Setting the First Level Viali Roll Axis

6. Tilt the laser to the Set Point
Move the target back to the Near Point to verif

it still reads zero. If not, rgero it. Then move P'edsi?;o';gve' Vial

the target back to the Far Pointand tilt the lase _ﬁ / . Rear Sean plane

by adjusting th&Roll Axisadjustment knob on )

the laser base until the readout displays the I — Aelosimant Scroe

for Roll Level

calculated Set Point (see Step 5). |

<S(ToNje>
7. Adjust the level. I ¢
Locate the two recessed adjustment screws fo |
=

theRoll Axislevel you are adjusting (s&égure

Adjustment Screws

i
|

13). Using the wrench provided, adjust the leve I ’

assembly until the bubble is centered in the : or Piich Lovel

|

|

|

Precision Level Vial

window for the Standard Level Vials or the twa e

halves of the bubbles line up for the Split Prisn
Level Vial (seeFigure9 andFigure10).

To move the bubble to the left, unscrew the lef
setscrew and tighten the right sstrew. When
the bubble is centered, tighten the left screw until the bubble is statiodaoyn 6 t-tiglten the

setscrew. Check your work by repeating these steps and ensuring that the level is calibrated to within
the specified tolerances.

|
Left Scan Plane

Note: Tighten the set screws just firmly
enough to hold the window assembly in
place. Ovettightening these screws may
cause damage.

Level Window
Adjustment
Screw

Figure 1371 L-733 (top view) showing location of Precision Level Vials and correspond
adjustment screws. Also see our YouTube video: How to Calibrate Level Vials.

Checking the Levels for Accuracy

Ensure that your calculations were correct and redo the calibration procedure to verify the Set Point is still
the same within the tolerances out | i nSetBointtabdo v e .
adjust as necessary. In some cases, if the level window requires a lot of adjustment (i.e. the levels were
way out of calibration), then it may require a second calibration procedurefidiget iro.
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Calculating the Calibration of the Levels Vialsi Pitch Axis

1.

Level the laser.
Rotate the entire laser unit 90° to calibrateRiteh Axislevel vial. Using the adjustment knobs, level
the laser so thdioththe pitch and roll levels are exactly level.

Zero the target in the Near Position.
Set the target on the same Near Position as before aedad.

Determine Far Reading 1.
Move the target to the same Far Position as before and repeat Step 3 (Roll Axis) above.

Determine Far Reading 2.

Rotate the entire laser unit 180°.-Reel the laser using the adjustment knobs solibithe pitch

and roll levels are exactly level. Return the target to the Near Position, ensuring that it is placed in the
exact position as before. Rero the target on this point. Move the target back to the Far Position,
again ensuring that it is positioned exactly as before. Record the target reading FEhiR&ading

2.

Calculate Level Calibration and the Set Point Pitch Axis

Add Reading 1 and Reading 2 and divide by 2 (Set Poshtptract the Set Point from Reading 1 and
divide the result by the D1 (distance between the points). The result is the calibration of the level vial
in units of in/ft or mm/m. To be within specifications, the calibration result should be as follows:

Split Prism Vial AssemnyO .00006 in/ft (0.005 mm/m)
Standard Levels: O .00018 in /ft (0.015 mm/m)
Example:

15 ft. (D1)
.000 (Near Reading)

.03 (Far Reading 1)
+ .010 (Far Reading 2)
.045 (Sum of the two readings)

+.045/ 2 = +.0225 (Set Paint)

In/Out of Calibration Calculation = (Far Reading3et Point) / D1
(.035-.0225) / 15 = .0008 in./ft. (out of spec)

If this value is out of the specification, then you will need to use the Set Point to bring it back into
specification. See Step 6 below.
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Precision Level Vial

Setting the First Level Viali Pitch Axis
(Roll)

6. Tilt the laser to the Set Point R m . Rear Sean Plane
Move the target back to the Near Point to
verify it still reads zero. If not, r2ero it.
Then move the target back to the Far Point

I

: 0
and tilt the laser by adjusting tRétch Axis ¢
adjustment knob on the laser base until the ] E

I

I

I

I

I

I

Adj Screws
(Shown in Blue)
for Roll Level

readout displays the calculated Set Point.

- = Adjustment Screws
(Shown in Red)

for Pitch Level

7. Adjust the level.
Locate the two recessed adjustment screws
for thePitch Axis level you are adjusting).
Using the wrench provided, adjust the level
assembly until the bubble is centered in the
window for the Standard Level vials or the |
two halves of the bubbles line up for the Sp ~ “e"SeanPlane
Prism Level vial (se€igure9 and
Figurel0).

Precision Level Vial
(Pitch)

Y HOLd N
: .

For example, to move the bubble t
the left, loosen the left screw and
tighten the right screw. When the
bubble is centered, tighten the left
screw until the bubble is stationary’
Check your work by repeating thes,
steps and ensuring that the level ig
calibrated to within the specified
tolerances.

1 104 I

Level Window

Note: Tighten the set screws just Adjustment

Screw

firmly enough to hold the window

assembly in place. Owvetightening Figure 1471 L-733 (top view) showing location of Precision Level Vials and correspond
these screws may cause damage adjustment screws. Also see our YouTube video: How to Calibrate Level Vials.

Checking the Levels for Accuracy

ltés best to make sure that your <calcul ati
Set Point is stildl the same within the tol

ons wer
erance s

new Set Point and adjust as necessary. In some cases, if the level window requires a lot of adjustment
(i.e. the levels were way out of calibration), then it may require a second calibration procedure to get

fdialed iro.

23



Laser Buck-in

Laser buckin refers to the adjustment of a laser plane or line to be parallel to the surface being measured
(a tabletop, a surface plate, or a way surface). Three points are required 40 bulaser plane to a
reference surface. Two points are needed to Houck straighine laser to a reference line (i.e.,
centerline).

Normal versus Remote Buckn

There argwo procedures < L1 L2 >
for buckingin the laser: T

{ Close Buckin |
1 Remote Buckn ‘

The procedure used depends

on the relationship dfvo

distances: the distance LASER
between the laser unit and S =
the first target, and the

distance between the first } u !

and Second targets The If L1<10% of L2, use the Close Buck-in Method

normal buckin is easier; the
remote buckn is useful in
situations where the normal
method would be nearly
impossible.

Near Target Far Target

Figurel5illustrates the
general rule for determining

the buckin method to use. sy -
L1 is the distance from the Near Target | O Far Target
Laser to the first Target = | e |

location. L2 is the distance BT .— 4 .‘—~ 1
between the 2 targets. If L1 T 1> () ()
< 1/10* L2, the Close If L1>10% of L2, use the Remote Buck-in Method

(normal) Buckin procedure

is used. If L1 > 1/10 * L2, the Remote Bubk

procedure should be used. When in doubt, or if t| Figure 15T Close vs. Remote Buk
close procedure is not producing good results, u:

the remote procedure.

Note: Readl5 and Read16 PDA software programs now havBa@r2 Buckin Wizard to aid you in doing a
remote buckn. Please see those manuals for the procedure.

Normal Buck-In

Thenormalbuck n procedur e can b eZemo Bearditn® & rBadi in theylaserh e r ul e
beam by zeroing the target nearreference point, and then "poirftiit) the laser beam using the

appropriate pitch/roll/lyaw adjusent knobs on the laser basels® reading on the far target is zefbe

two steps are repeated until both targets show zero readings.
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Remote Buckln

. Near Far
As the distance between the laser and the near target Target Target
increases with respect to the distance between the two Lz‘:‘l‘:": al
targets, bucking in by the close method becomes nearly gqyrce \
impossible. A specidRemote Bucdn Procedure has P i
been developed for these situations. The Remote-Buck ¢
uses simple geometry to make the laser beam parallel 1 L . k

the centerline of the two targets, and then centers the
beam on that lineFigurel6illustrates how the remote  pake the beam parallel to the target centerline.
method works.

Unlike normal buckin, where the laser is pointéalzero

on the far target, thRemote Buckn procedure has the ot r L
laser poinftilted) through zero to a point called the "Set
Point" The set distance is the offset between the paralle
laserbeam and the target centerline.

Center the beam on the target centerline.

_The theory behind this Figure 167 Remote Buckn
is as follows:
The uncorrected laser

Near T: Far T
beam, the offset parallel ear Target ar Target

beam and the set Laser :::a;a;get Bean — ;1;3?;3‘;‘__02..)

distance form a triangle. gource /

The uncorrected laser Zero |set= -(L1/L2*Far)
beam, the target center _ Set -(10/20 2 -.02)
line and the distance Point :E_fr’mijo )
between the far target L +.01"
center and the far read 10— 200 "

ing form a second trian

gle. The two triangles

have the same three

angles and are therefore
geometrically identical (sdeigurel?).

Figure 17 - Calculating the Set Point

A relationship between theswot r i angl es can be stated in the form
reading is to L2.20 Stated mat hematically, the ra

Set PointL1 = Far/L2
If L1, L2, and the far reading are known, the set can then be determined by the following formula:

Set Point= -(Far reading * L1/L2)
(Note: This is a simplified formula for cases where the laser beam is zeroed on the nedr target

In Remote BucHns, steerltilt the laser platierough zero until the display reading is eqoalthe Set

Point. This means moving the laser until it reads the set amount ath&esideof zero from the

starting point. In doing so, the sign of the number (negative or positive) will be revegpeel7

illustrates this by taking sample readings and showing how the Set Point is derived. Notice the far reading
is a negative number and the Set Point is positive as you go "through zero," resulting in a laser beam
parallel to the target centerline but offset by the set distance.
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If the calculated Set Point exceeds the linear range of the target, (for examplel3i8 farget has a
range of 1.0 in. or 25 mnthen the target must be nvedby the Set Point amount. New measurements
must then be retaken for both targets, and a new Set Point calcufagede 17 shows how to move the
laser depending upon the sign of the calculated set point.

Note: If the laser is mounted on anrl06A screw lift stand, each full turn of the knob lifts or lowers the
stand .125 in. or 3 mm).

The target should give the same reading, both number and sign, at the near and far point positions. If not,
recalculate the Set Poiahd buck in again. In most cases, remote hnalan be accomplished in two or

three passes. This method will work even when L1 is much greater than L2, or when the beam does not
even hit the target (in such cases the far reading can be taken by using a ruler to measure the beam's
distance from the target cente@nce the laser beam is parallel to but offset from the target centerline,

you can then zero the reading on the near target position.

Three-Point Buck-In (Flatness)

The 3Point Buckin procedure requires adjusting the laser plane to be pamltbtee pointson the
surface being measured; for example, a tabletop, a surface plate, or a way shmigiteee points on a
surface may be used, however Hamar Laser recommends the setup illustrageceihs.

NEAR FAR
POSITION POSITION (A}
! RollAxis )
DE— . o
1 2
FAR
POSITION (B)
—| [3

SIXY Yalid

Figure 187 3-Point Buckin Using One Target (recommended setup)
When performing this procedure, it is best to place the laser source in a position that is as close to the

Near Target Position as possible. The Far Target Positi@) $hould be approximately 9o these two
points. This is not always possible, but this is the easiest configuration for this procedure.

26



3-Point Buck-In Procedure Using One Target
Setting up the Equipment

1. Position and secure the laser.
Position the laser as shown and turn the lever on the magnetic base to ON to lock it securely to the
metal surface.

2. Coarse level the laser.
Power on the laser and use the speed control knob on the control panel slow the scanner spin until you
can see the laser beam pass over the target (the farther away the target is located, the slower the
scanner must spin). Turn the light switch for the bubble level vials ON. Using the adjustment knobs
and observing the position of the precision level vials, cdaksd the laser so that the laser plane is
approximately parallel to the surface.

3. Position and secure the target.
Place the target in tHéear Position(17 seeFigure18). Move the target in its magnetic base until the
laser beam roughly hits the mpbsition of the target and turn the lever on the magnetic base to ON
to lock it securely to the metal surface.

Note: As you move the target to the N@asition (1), Far Position A (2) and Far Position B (3),
mark where the base of the target sits on the surface so that it may be repositioned in the same place
each time.

4. Set the readout.

If you are using the A519 or A1520 Wireless
Targets with thér-13562.4ZB PDA Readout or
with Hamar Laserds al.i
readout display through the softwaveu may also
need to adjust the sampling rate to dampen the effe
of atmospheric turbulence in the Read15 software (
in the Hamar Laser alignment program you are usir

Performing the 3-Point Buck-In Using One
Target

1. Center the target in the Near Position.
With the target in the Near Position, zero the targ
on thePDA (seehe Readl15Plane5 or Machine
Tool Geo Manuals).

2. Move the target to Far Position A andtilt PRY
BaseRoll Axis until the readout reads zero.
With the target in Far Position Allt the Roll Axisof | a s PRY@ase using thadjustment knobs
until the readout reads zero. Be sure toarggthe Roll Axisadjustment knobs (in the setup
displayedabove this would be the adjustment knob marked Roll).

%

»,
“‘l lye

OARSE PITCH ADJUST.
-

Note: When the target is in the Near Position, always use the appropriate zero function in the
software. When the target is in the Far Position, always use the laser adjustment knobs to tilt the
|l aser beam. This is easily remembered by the pt

3. Repeat Steps 1 and 2 until the readout reads zero at both locations.
Continue to move the target between Near PositiorandFar Position A zeroing the target at the
Near Positiorand tilting the laser plane using tRell Axisadjustment knobs at ti&ar Position A
until the readout reads zero at both locations.
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4. Move the target to Far Position B and tilt the Pitch Axis of the laser until the readout reads
zero.
Be sure to use onlgitch Axisadjustment knobs that face the target when tilting the laser beam (in the
setup displayed iRigure 19, this would be the PITCH adjustment).

5. Recheck the readings at the Near Position and at Far Positions A and B and adjust to zero if
necessary.
When the target reads zero atthtieelocations, the laser plane is parallel to the surface.

NEAR FAR
POSITION POSITION (A)
=
—=—r—, _  RollAxis _ +
—.1_-‘:"2-_':'7-:'it-. I . % o
Ll Ol '94. oM «---------- > o@m)
— Y 1 2

FAR
POSITION (B) 3
*

sIXY Yyaid

Figure 197 3-Point Buckin

3-Point Buck-In Procedure Using Multiple Targets

This method requirethreetargets. The procedure is basically the same as with one target, but it saves the
time required to move a single target to tinveedifferent footprints.

Zero all three targets on the near footprint (1) seeFigurel9.

Placetwo of the targets on the othettwo footprints (two and three).

Tilt or aim the laser until all three readouts read the same numbers and the same sign.

AP w DN PRF

When all three readouts read the same, the laser plane is then parallel to #liree points.
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2-Point Buck-In on Machine Tool Axis (Strightness)

A laser beam is often used as a "straight edge" to measure straightness. Examples are machine tool ways
or bore straightness measurement. The laser beam must be adjusted to be parallel to or coincident with an
edge or centerline. The process of making that adjustment is called "bucking in." This section describes
two types of buckn methods: close (simple) and remote (more difficult).

Two points in space define a unique straight line; therefore, two reference points are needed in order to
relate the position of a laser beam to a surface or centerline. Any two points may be chosen (the suitability
of the points cannot be judged until after the measurement has been done). The points are usually selected
near the extreme ends of the job for the sake of conveniencd2d2Buckin makes the laser beam

parallel with these two points. It is best to place the laser source in a position that is as close to the near
target position as possible. Orient the laser so that either the long axis of the base or the short axis of the
base is parallel to the near and the far target positions.

1. Mount Target #4 on the
ram, move the spindle
andadjust the target
height.
1
2
2. Power on the laser and zero the target i i off tgt B2
the Read®DA. Move the column down e I 5 ]
to the end of the Yxis travel and rotate ; P
the target head to point towartthe laser. & = \\

3. Turn the YawAXxis adjustment knob to
center thdaser to zero on the target.
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4. Return the column to its starting position and
rotatethe target toward the laser. Zero the
target.

[TARGETSTSETTINGS[GRAHSTINER (> 3
S —

Mo

5. Send the column back to the far end of travel
andtweak the YawAxis adjustment knob to
zero the laser.

6. When the target reads zero at both ends, the la
is aligned to the XAxis.
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Measuring a Machining Center

The following section describes
how the laser is used to measure
straightness, flatness, squareness
levelness and parallsinon a 6
axis horizontal floor millNote
that if a machine is gag to be .
aligned, rather than just measure¢
it is important to put the laser on '
an instrument stand. If the laser is
on the machine bed or table,
adjustments will likely move the
laser and affect the setup.

Setting Up (Bucking-in)
the Laser
When setting up the laser to
measure either straightness or
flatness, you mudirst position the laser plane(s) so that they
are parallel to the reference points on the machine. This pro
is called "bucking in" the laser. To speed up the setup proce
the use othreereference targets is highly recommended.
1 For measuring straightnesswo reference points arg
needed.
1 For measuring flatnestreereference points are needed.
1 For measuring the flatness, straightness and squarenes
machining centeffjve reference points are needed.

Trigger Axis

Measuremen
—

I n this pr octleedtargets for tveenitial oint j Centerline
setup and one target for thepgint setup. »

Once the laser has been set up to its reference points, the tz
can be repositioned to measure the various surfaces or lines
motion for deviation from the references. A plus (+) reading
indicates a target is higher than the reference points, and a PSD
minus €) reading indicates it is lower.
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Procedure

1. Place the laser on the table at a spot-
provides the ability to measure all the =
axes from the same setup. -

2. Level the PitchAxis level via by using
the coarse and fine adjustments to lin
up the edges of the bubble. Repeat tt
process with the Rolxis level vial.
Now the red laser plane is level to eal

3. Place Targetl at a location next to the
laser and mark the outline of the
magnetic base for good repeatability.
Point the laser at the target window al
adjust the target height until the laser
beam is centered.
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4. Turn on the laser rotation (which also
turns on the targets). Targét data
displays in the Read9 software on the
PDA. Zero the display. Remove Targe
#1 and replace it with Targé®. Zero
the Read9 display for Targé?. Repeat
the process for Targé8.

5. Spread out the targets on the table or
three reference points, two along the
Pitch Axis and one on the Roll Axis.

& 4E ok

-.0040 5

6. Looking at the data for Targetd and
#2, adjust the PitclAxis knobs on the
laser until the two values are equal.
Switch to Target#1 and#3 and adjust
the RollAxis knobs on the laser until
those two values are equal. Now the
target values for all three targets are j—
equal and the laser plane is aligned tc | i == = — P
the table.

-.0040
-.0040 =

1
2
3
4
5
L]
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Aligning the Laser to the X-Axis Travel

1. Mount Target#4 on the ram, move th
spindle and adjust the target height.

2. Power on the laser and zero the targt
in the Read9 PDA. Move the column
down to the end ahe X-Axis travel
and rotate the target head to point
towards the laser.

3. Turn the YawAxis adjustment knob tc
center the laser to zero on the target.

4. Return the column to its starting
position and rotate the target toward

the laser. Zero the target. L 4 off tot
5

5. Send the column back to the far end
travel and tweak the Yawxis
adjustment knob teerothe laser.

6. When the target reads zero at both
ends, the laser is aligned to theAXis.
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Measuring X-Axis Straightness and Flatness Simultaneously

The straightness and flathess for X can be measured simultaneously by adding a second measuring target
to the bottom of the spindle ram. The targets come witipi@& post set, so a shorter post may be used
to adjust the target height to pick up the red laser.

1. Attach a second measuring target to the
bottom of the spindle ram with a short pos
Adjust the target height to pick up the red
laser.

2. Turn on the rotation for both laser planes.
The Gold Laser (top left) measuresAXis
Straightness and the Red Laser (bottom l¢
measures Flatness.

3. The target readings are sent wirelessly to =g - '
laptop computer, where our Machine Tool e
Geometry software records them. Select t
axis, enter the length of travel and numbe
of points, and ensure the targets are point
at the laser. Hit thRECORD button and
the Machine Tool Geometry software
records both target
and plots out straightness.

4. Continue to move the column to each pc
and hit Record. After the data has be
taken, return the column to the hor
position.

5. The X-Axis results show a Straightness — sren e o [T e
error of .0007n. TIR and a Flatness error ¢~ ™" * T— —
.0006in. TIR. The slope of the Best Fitline ... . « iR
is .0003 in/ft, which means the-Xxis is Ms‘___m____' -Wm " "*“J =
sloping UP relative to the table. {:..{ e

=TT Imf I/t

Table
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Y -Axis Flatness and Straightness and ¥ / Y-X Squareness
After measuring the YAxis flatness and straightness, the Machine Geometry software calculategthe Y

and Y-X Squareness. The Gold Plane (bottom left) measures Y Flatness and the Green Plane (bottom
right) measures Y Straightness.

1. To measure theYAxis, move the second target to the
side of the spindle and adjust the column and target
height to center the laser in the window.

2. Turn on the laser rotation and zero the targets.
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3. Move the column, pause a few seconds, and ¢ | ————9
. :
Record. Repeat for each point. . A

4. The Gold Plane measures the squareness of-thdasy
to Z and the Green Plane measures Y to X squaren:

As before, the Machine Tool Geometry software does th 11k suaightness Saightness Tolerance: +/- [ 0005 Inch
straightness and squareness calculations. The resultS s gecages 570 |

e |
.0010" TIR for flatness and .0008" TIR for straightness.

TIR Straightness Straightness Tolerance: +£- [~ 0005 Inch

‘Racorded: [oo08 .ﬁ [ Inch _ Detaiis_|

6. The XY Squareness is .0004 in/ft, meaning the colu
is leaning to the left.

[ Vs suagriness

rre— Sops e o [
oot (G55l Ireh Aelwwecs [T ek _Duist
Arghr SosmmmerPadbeben  dege Tdbowcn of- [T WA
[
g  dp—
e
e [
Py [P

7. The squareness of Y to the tables is .0003 in/ft,
meaning the column is leaning back.
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W-Axis Flatness and Straightness, WZ (in X) Parallelism, W-Z (in Y)

Parallelism
Without changing the 1743 setup, the WAxis can be measured for flathess and straightness and
arallelism to the ZAxis in the Y direction, and the parallelism to thé\Xis in the X direction.

1. To set up for W, change the target
position, turn on the laser rotation and
adjust the spindle to center the laser.

2. Zero Targets #1 and #4. The green plai
measures the straightness of W)W
squareness and parallelism to Z (in X).
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3. Thered plane o
measures the o«we{— R L
flatness of W, WY oo T
squareness and R ! L
Graph Oghans Targot |

parallelism to Z (in
Y). The software
records the

& G inciemet Blagriodet (s
¥ ShowBed Fit + .0027 = 1 ® e
[ ShowCurent Avg F8) e <)
[~ Show Dthet Avg [F/8) W ZeroTgt)  Seaght Tgid: [ 0000 Show Detais — '?':,: =

¥ Showlegend Target 4

Bttt St How Fur
. Avp § Headngr 1t fJ o e —
straightness of W BRI 0000 [ Mlabgur— || [Degre

fol (+/1 [0008 n

I Menusl Data Enty i F2. X-Axis Table  Table:

¥ ZeroTgtg  Steght Tgt 4] 0000 o Show Detads

and calculates the =
squareness and
parallelism to the
other axes. The
results show .0003
in. for straightness

and .0011n. for

flatness.
TIR Straightness Straightness Tolerance: +/- | 0005 Inch
Recorded: [ 0003 | |—r Inch _ Detais_|
TIR Straightness Straightness Tolerance: +/~ [ 0005 Inch
Recorded: [ 0011 || Inch Reference: | [T Inch  Detais |
4. The slope of the WoAds Flaness
vertical BestFit line o £ Vi roes Oy ok
is .0003 in/ft, [
meaning the \AAXis “"1
IS Sloplng up from = Next Point to Record: Pt 6
left to right relative A il
TIR Straightness Straightness Tolerance: +/- [ 0005 Inch
tO the table Recorded: [~ 0011 [l Inch Reference: [ | Inch  Detais
Angles: Squareness/Parallelism Angle Tolerance: +/~ [ 0003 It [@ InTolerance [l Outof Tolerance
For Z_W Yg; nee:ua;; _— m;x{” aec;.ut; . i wufs Recorded =
parallelism, Z must 4! T || P m oz
be measured first. -
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Z-Axis Flatness and Straightness, Z and Z-Y Squareness, 2W (in X)

Parallelism, Z-W (in Y) Parallelism

The final axis check is-Axis flathess and straightness, which provides the squareness teftkie 2nd
the squareness to the-Akis. In addition, the parallelism for-¥ (in Y) and ZW (in X) can be
determined.

r’

1. Leave the laser in position and re
position the targets. To measuré\Xis
flatness, use the red laser plane with
Target #1 on the table.

2. For straightness,
into the side hole in the magnetic base
pick up the green laser plane. Adjust tr - -
pole length for Target #2, turn on the B o i
green laser and zero the display. Q| oz st TR e

=
+ .0000 [

Repeat for Target #1 and the red laser
pl ane. Now youdre




3. Record the data in e
the Machine Tool mol —® e — F
Geometry program it =y
and the parallelism piaret e @ o

P Do = unr.u.m
and sqguareness are :;M-m“ g

1™ Show Cusent vg F/8)
T~ Show Other Avg (F/) W ZeroTgry  Steght Tgt1: | 0000 Show Detds
W ShowLegend Torget 2
Rlugrledl
Avg 8 Readrgs -
" el + 0004 - | ke

Sioge: [ 0000 n.m
Tol (o4} [5005 n ¥ ZeroTgt2  SteghtTgt2'| 0000 = Show Detasls

™ Manus Data Enty

automatically
calculated.

The ZAxis results
show errors of

.0005in. for

straightness and

.0008in. for

flatness.
TIR Straightness Straightness Tolerance: +/- | 0005 Inch
o [0 TS [ < 0o |
Recorded: [ 0008 [ Inch Reference: | [ Inch  Detais |

4. The slope of the ——— -

vertical BestFit =

line is-.0007 in/ft, s = -

which means the-Z - pmmtes, el

Axis is sloping up l'l'.i;"'%w.ui’:";iﬂ _

toward Y relative to e e

W. Et Eetell | Lt

5. The horizontal e
BestFit slope is- =] T
.0003 in/ft, which - et e
means Z is sloping g, + s
toward X relative to e
W. v Samemass Pl e Toc o [TET 8 [ InTece [ D T
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Z.AXs Straightness

6. For Zsquarenessto Xan '

Poirt 85 Distarce = 48.0 Inch

| T

Y, the Machine Tool e
Geometry program -
subtracts the Besit om0

slope of Z from the Best
Fit slopes of Y and X and

TIR Suaightness

Nead Port to Recod Pl 5
[Dietance fiom Lazer. 48 Inch |
Suaghiness Toleeance: +f- [ 0005 Inch

Rocorded [ G005 [ Inch Relevence: [~ [ Inch _ Detais

calculates the squUarenNess e sommmruiin  wstiowss [ s o PP
Therefore, the result for Eq b | s =
the squareness of Z to X i T N | TSN

.0002 in/ft, which means . X 0 .

the ZAxis is tilting to the

left.
7. The squarenessof Zto Y LSS
is .0004 in/ft, which mean =
the ZAxis is sloping up T e
relative to Y. e, el
TIR Shoightness Sochin T op [0 Ik
e o Tt — O
Angles: Squareness/Paalichim gl Toawee: o [5605 I [ nToonce [l Out ot Tomance
e lr =
(£ ="l =00
. 3

I :

Additional Capabilities of the L-743 Machine Tool Alignment System
(Checking the A and B Rotary Axes and Tramming the Spindle)

1 Rotation Flatness of Each Axis

1 Squareness and Parallelism to Main Axes
A-X (in Z) Parallelism

A-Y (in Z) Parallelism

B-Z (in Y) Parallelism

B-X (in Y) Parallelism
Measuring the #dtr
axisto X and Y

=A =4 =8 -8 =9

T Y
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Measuring Rotary Axes

Checking A and BRotary Axes andTramming the Spindle

This section includes:
1 Rotation flatness of eact
axis
1 Squareness and parallelis
to main axes
1 A-X(in Z) Parallelism
A-Y (in Z) Parallelism
B-Z (in Y) Parallelism
B-X (in Y) Parallelism
Measuring
or squareness of the /
spindle axis to X and Y

1
1
1
1

Please see Pad#l for details
on how the E743 is set up on
the floor mill. In that section,
we checked the flatness - A
straightress and squareness of the X, Y, W and Z axes. This section continues the alignment check
(assuming the laser is still buckadto the five points, as shown in Part 1) to show how to check the
rotary axes for alignment.

Checking the BAxis Flatness of Rotation, BZ (in Y) Parallelism and B-X (in Y)
Parallelism

1. To check the B rotation, move the target to « E
of the corners of the table. Zero the disp
and then rotate the table 90 degrees.

2. The display shows +.0024, indicating that 1 Bl
table rose by .0024 as it rotated. Therefore,
rotation plane is sloping up from left to rig
relative to the main table (recall that the m:
table was the reference for the horizontal
laser plane).
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3. Rotate the table 90 degrees. The target |
reads .0043, which is higher than the previ ===
point and means the rotation plane is & 2
sloping up and away from the spindle relat
to the main table.

4. The last reading is .0031 and the data &=
uploaded to Plane 5 for analysis.

5. Plane5 analyzed the data and found that
flatness of rotation is .0010 in. TIR and t
parallelism to X is .0011 in/ft and .002 in/ft-
Z.
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Checking the A-Axis Flatness of Rotation, AX (in Z) Parallelism and A-Y (in Z)
Parallelism

1. To measure the A rotation, use the gold le
plane and a target mounted on the spindle.
both the Aaxis and the Tram measurements
simple tram bar can be inserted into the spir
with a target attachec.

2. Adjust the ram and zero the target.

3. Rotate the Aaxis 180 degrees. In this case, ' Fomm
reading is-.0011, which means the A rotatic
axis is tilting forward relative to the-#xis by
.0011 in 18 in.

Note: In Steps 3 and 5, the purple ellipse represents
measured plane. The transparent ellipse behind
represents the reference plane.
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4. Rotate to 90 degrees and zero the target.

5. Rotate to 270 degrees. This reading.@023,
which means the A rotation axis is tiltir

toward the Xaxis by .0023 in 18 in.

Note: In Steps 3 and 5, the purple ellipse represents
measured plane. The transparent ellipse behind
represents the reference plane.

of the rotation. Take measurements every 4!
90 degrees and use Plane5 to calculate
flatness.
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Tramming the Spindle

1. To measure the
of the A spindle axis to X and Y’
move the target to the end of tl
tram bar and rotate the spindle.

2. As with the Aaxis, begin at ( S==
degrees, zero and rotate 1
degrees. The .0031 readi
indicates the spindle axis
pointing upward relative to the-Y
axis.

3. To compare the xis, start at 90
degrees and zero the PDA. Rotat
to 270 degrees. TheD019
reading indicates that the spindle
axis is pointing to the left relative
to the Xaxis.
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Measuring Sawnills

The critical alignments for a sawmill ensure that the log carriage is traveling straight and flat, is
perpendicular to the blade, where the mill is cutting specific board lengths, and parallel to the blade,
where the mill is cutting/shaping board lumber.

The L-733/L-743 Triple Scan Laser systems offer the fastest and most accurate way to align sawmills on
the market today. They are easy to | earn and quic
used.

Checking Log Carriage Straightness and
Flatness/Level

100" (30.5 m)

1. The L-743 or L-733 is positioned at the end of the mill and
is leveled, using the builh level vials.

- Pitch

Figure20i L-743 Tr i pl e Sci
perpendicular laser plan

2. Two reference points are needed to align the laser to the
machine centerline. Typically fixture is made to holtvo A-15192.47B/A-15192.4XBE Targets
to pick up the tight wire centerline mounting points. The fixturing positions the center of the targets to
within .001 in. (0.025 mm) of the centerline jig location.

3. EachA-15192.47B/A-15192.4XBEis placed at end point
of the machine and the I33/L-743 is placed neameend
of the mill. Then using the yaw adjustment on th@d3/L-
733 laser base, the laser is adjusted so the targets in the
position and the near positions both read the same value.
This means the laser is parallel to the reference points. §

Figure 21 -- TwoA-15192.4ZB Targets mounted vertica
and horizontally on a machine tool spindle
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4. Then the L106X Laser Translation Stage is used to translate (move *~
laser with very little angular change) the laser plane so both targets
close to zero, usually the tolerance is .01@r25 mm). This means
the laser is now on the centerline of the machine.

5. Step 4 may need to be repeated a few times to get the laser aligne:
(buckedin) to the reference points.

6. Mount anA-15192.4ZB/A-15192.4XBE Target on the log carriage
(or fixture to simulate the carriage) horizontally and adjust so that it
detects the laser beam. A secénd5192.4ZB/A-15192.4XBE can
be mounted vertically on the carriage to measure flatness/level (this
setup is similar to the machine tool setup in image showFfidgare
20). Now bothA-15192.4ZB/A-15192.4XBE measuring targets on
the carriage are zeroed at a location next to the laser.

7. To measure the straightness, the carriage is moved adpessfied
intervals and any deviations from zero are noted or recorded. Since
readings update in real time, the target can be used as a digital ind
and 'ghe point can be brought into alignment by adjusting it until the Figure 22 R-13562.4Z8 PDA
reading is zero. Readout showing data values fo

8. To measure the flatness/level, the vertical target is used in the sam&?"oets #1.2and 3
manner and at the same time as the horizontal t&ggt.the flathess/level and straightness can
be measured and aligned at the same time.

Checking Support Rollers for Squareness

Top View of Roll - Target in Near Position

Thegoal is toensurethe rollers supporting the logs are perpendicular to the machine centerline to prevent
Awanderingdo of the |l ogs to one side or the other.

With the same setup as above, make up a fixture that is mounted over the roll. It has aipost that

approximatelyl2in.| ong and the target is mounted horizont al
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(rotate the fixture/roll to put the target as close to the laser as you can and then sweep it through the arc to
the other side

First, zero the target in the near position. Then rotate the roll so the target/fixture are as far away from the
laser as possible (far position). Any deviation from zero is a measure of how far out of square the roll is.

For example, if you take a tape measure and measure how far the target moves when you sweep it and then
divide the alignment value at the far location, you have an angular measurement expressed in inches/inch.
Thereforejf the sweep distance is 20 #nd you get .030n. at the far location, the angle is =.030/20 =

.0015 in/in. If the roll is 24 inong, move it 24*.001%n. = .036in. to correct the error.

Checking SawBlade Squareness

When checking the squareness of a saw blade to the travel
the log carriage, the laser must be moved along the centerlil
(down the machine) from the initial setup location to within 1
to 18 in (305 mm to 483 mm) of the blade. Here is how:

100' (30.5 m)

1. After roughly aligning the laser to the references, it is the
ibucked ino as before to ! e on
centerline. aas® '

2. Recall that the £743/L-733 haghreelaser planegtwo
vertical andonehorizonta) and they are all square to each ¢
other. This means that with tfiest vertical laser (yellow | %%
plane in the graphic) pla Pitch mac hi
centerline, thesecondvertical laser plane (green) is o _
perpendicular to it, so to measure squareness of a saw bg'e?r‘;fn i Ia;;‘;;?ﬁﬂ;g‘ser showing ~ three - mutu:
mount a target horizontally on the closest pointrenblade
and zero it.

3. Rotate the blade 180 degrees and any deviation is how far out of square the blade is to the machine
centerline.

4. If the blade is mounted on a carriage where the travel is supposed to be perpendicular to the
centerline, you can simply zero the target in a close position and then move the blade carriage to the
other end of its travel and any deviation noted in the value is a measure of the squareness error of the
travel of the blade carriage.

5. Since the readings update in real time, the blade (or carriage) can be adjusted so that the reading is
zero, which means it is perpendicular to the travel of the carriage.
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Checking SawBlade Parallelism | p— : .l '

To check the parallelism of saw blades that cut '
parallel to the carriage travel, the setup procethure
istraightisfadlevedd above

Place he A-15192.4ZB/A-15192.4XBEtarget on
the blade at the closest point to the laser (3:00) and . C . .
zero.Rotatethe blade 180 degrees so the target is a’ - S —
farthest point on the blade from the laser (9:00). Any ==
deviation from zero is a measure of the parallelism

errors of the blade to the carriage travel.

Figure 24 -- Top View showing the-Z43 Laser measuring
squareness between the X and Z axes of a horizontal flodr mi
similar to measuring a saw |
centerline (X)

Checking Plumbness of Blades

With the laser leveled, both vertical laser planes are plumb toaaithe plumbness of the blade can
easily be checked.

1. Place a target on the bladete 12:00 position and zero it.

2. Rotate the blade so the target is at 6:00 (or 3:00 or 9:00). Any deviation in the target reading is a
measure of how far out of plumb the blade is.
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Roll Alignment Buck-in and Laser Transfer Procedure

When aligning rolls, be they paper mill, printing presses or film lines, the most difficult alignment is the
horizontal parallelism. The vertical parallelism or levelness can easily beechesing a machinist level.
Hamar Laser provides two systems for roll alignmé&he L-742W UltraPrecision Roll Alignment

System for printing presses and paper machines, andB82\W Precision Roll Alignment System for
lower-accuracy roll alignment applications, such as rubber mills and textiles.

Conventional methods of roll
alignment usually use floor
benchmarks (monmuents) at the
side of the machine as egzénces.
The L-742W (or L-732W) offers
the versatility of using these
benchmarks or of picking up a
reference roll, such as a cooch
roll on paper mills. We strongly
believe that using a reference rol
provides the most accurate
reference and results in better
alignments.

Benchmarks are usually setin a
thin concrete floor, are rarely
covered, and are routinely run
over and nicked. More importantly, they move with the slab of concrete and rarely hold their position
relative to the mill itself. Most floors in a typical plant have multiple slabs and are usually cracked
throughout, creating instability of the monuments. Unless ched@dddime they are usedsingthe
benchmark probably will result in significant alignment errors.

Figure 257 Dimensional View of Roll Alignme
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The L-742 Alignment Procedure

Horizontal Roll Parallelism

When aligning rolls for paper
mills, printing presses or film
lines, the most difficult
alignment is the horizontal
parallelism (vertical parallelism
or levelness can easily b
checked using a machinis
level). The following section
provides  suggdmns  for

choosing a reference and ste|
by-step procedures for equip
ment setup and performing a
alignment. |

L-742 Roll Alignment System Showing Laser Transfer Metl

Choosing a Referencéor Roll Alignment
Conventional methods of
roll alignment usually use
floor benchmarks (monu
ments) at the side of the
machine as refences. The
L-742/L-732 offer the
versatility of using these
benchmarks or of picking
up a reference roll, such as
a cooch roll on paper mills
We strongly believe that
using a reference roll pvaes the most accurate reference an
results in better alignments. ine

~
e
S
S

Benchmarks are usually set in a thin concrete floor, are rarely
covered, and are routinely run over and nicked. More
importantly, they move with the slab of concrete earely hold
their position relative to the mill itself. Most floors in a typical plant have multiple slabs and are usually
cracked throughout, creating instability of the monuments. Unless cheadletihee they are usedising

the benchmarkprobably will result in significant alignment errors.
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Hereds how the process wo tkéepinmiodrthatpusing théTd2yWoulp a r ef
732W is like having two walls, both perpendicular to each other, 1(BDf6m) in radius and very flat)

1. Place the E742 on the E106 stand outside - ,
the machine near the reference roll, at tt g
side of the machine and levitel The L=
742 Laser Plane #1 (LP#1) should be
about 5in. from the side of the roll to
allow space for thé-15192.4ZB/A-
15192.4XBE Targets to measure the roll

2. PlaceA-15192.4ZB/A-15192.4XBE
Target #1 on the reference roll horizonta
at the closest point to the laserd mark
the location on the roll. Slide the magnet
base slowly up/down (or rotate the roll)
until the bubble is centered on the bulls
eye level. This puts the target at the Tof
Dead Center (TDC) of the roll.
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3. Adjust the height of the target by
loosening the thumb screw and sliding tr
post in/out of the magnetic base until the
target detects the laser plane.

1
pi
3
4

5
L[ ave @orr Omst Osiow |
neso TRiGETS[sETTINGS [ G STINER T
®

Meno

4. Zero the value for Target Using Readl5
in the R13%6-2.4ZB PDA Readout an
movethe target to the far end of the roll.
Note: See Using Readl5 for Remot
Buck-ins on Rollson Page60 instead of
following the manual buelkh method in
Steps 4 through 6.
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5, ABuc k i laser Ptane #1 (LR#1)
using the Yaw Adjustment until Target #1
reads zero at thiéar Point. Move Target #1
back to theNearPoint, rezero, andepeat
theprocess until the target reads zero at
both locations, which usually takes3Zries.
If usingthe Remote Buclin Formula(see
Page64), this process can be doneoine
pass.

6. The laser plane is now parallel to t
reference roll.

Reference Roll Datli]li%:'%

it
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7. Since the LP#2 is perpendicula
to LP#1, LP#2 becomes the
offset centerline of the mill. This
offset centerline has a range of
100 ft (30.5 m) on either side of
the laser.

I SR

LP#2 Offset Centerline

8. Place Target #2 and #3 on flool
fixtures at both ends of the
machine and adjust until the
laser beam hits the middle of th
target windows. Turn on LP#2
and the values for targets are
then zeroed in Reds,
establishing the offset centerlini
These targets arettouched
during the remainder of the
alignment.

9. To check the parallelism of a
section of rolls, move the-t42
and L-106 stand along the offse
centerline to the desired machir
section and position the laser s |, I
LP#1 is about %6 in. from the g
roll to be measured. Level the L
742.

PR oference Kol

¥
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10. Adjust the yaw adjustment on
the laser base so that LP#2 is
tilted until both Target #2 and #
show the same readings. LP#2
now parallel to the offset
centerline.

Note: The readings do not have to
be zero, but just the same number
and same sign.

Reference Roll Datum

Offset Centerline

e &

11. To measure one of the rolls for
parallelism, place Target #1
horizontally on the roll closest t
the laser. Adjust the post so the
laser plane is near the center o :
the target. Move the magnetic
base ugp/down the roll un?il the et
bubble is level. Zero Target #1
in Read5.

1 Off Tgt
2 -.015

3 -.015
4

12. Move Target #1 to the far end c
the roll. The resulting value is a
measure of the parallelism of
this roll relative to the reference
roll. In this case, glus )
reading means the far end of th
roll is pointing to the right by
.025in. To align it, adjust the
roll until the readout shows
zero, which means the roll is
aligned and parallel to the
reference roll.
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13. Since the laser generates a pla
rolls at any elevation in that
section that are within 2.1(610
mm) horizontally of the laser
plane can be measured for
parallelism without changing tht
setup of the laser.

Remote Buckin Formula
Oftenin Roll Alignment, the laser has to be far from the edge of the machine. In this case, the normal
buckin process does not work very well. To circumvent this, we use the RemotérBecknula:

Set Point =-1 * (D1/D2) * Far Reading, where:

D1 = distance from laser base to Near Point target location omdahe

D2 = distance from the Near Point target location to the Far Point target location arolihe
Far Reading = the value in the PDA with the target zeroed atNéha&r Pointand moved to the
Far Point.

After calculating the Set Point, put the target back on the Far Point. Then adjust4Berbw Axis

until the target value equals the Set Paihen you move the target back to tearPoint, you will see
the reading is the same as the Set Point. Thi
measurements will result in doing the bdokn one pass.
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Using Read1l5 for Remote Buckns on Rolls

TheTwo-Point Buck-in tab is used to make the process of

making the laser parall@uckedin) to two reference PIVOT

points easier. There is a short procedure to follow that POINT ™*
requires measuring the dimensions between the target
laser. When done with this proceduties laser will be L.
ibucikred ( mad etwppaintsaoh & suffacet o

Center t
of Post

Step 1i Setup

a. Select the Target ID to use by using the dropdown menu.
b. Select a location to place the laser
c. Select theNearandFar referencepoint locatiors on the surface to be measu(seeFigure25).
d Measure the D1 di mension from the | aserNéas
reference point.
e. Measure the D2 dimension from the center of the target post dtetreeference point to the center
of the target post on tHear reference point.
f. Enter the two dimensions in the entry boxes and Niekt.
NEAR FAR
POSITION POSITION (A)
=~ i VOYY
e/ R bbbl - 0[__3
| D=1 =
= 1 2
Posmgngs) L 20
4 3 123[1]2]3]4]5] 678 ofo]-J=]«
Tablglwle]rftlylulilolpl[]]
CAP!a!s!d!f!g!h!j!k!l!;!'l
Shift | z | xJclvdblnlml. .| .l/] <
cdfaal J\T ] rd <]

Figure 26 -- Recommended Budk points to measure the flatness of a surface.
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Step21 Zero Target and Record Data

a. Place the target on the Near & Read1s e 42335 lok|
point, and when the displayed
readings settle down, tap the 1 .0000

yellow ZERO button.

15| -
e R

wait for

e e

b. Place the target on ti@r point,
and when the displayed reading
settle down, presRECORD.

7% | Read15 o 4Z3:36 ok

Restart || ]| _NEXT |
STEP 1: Select target, enter dimensions for
near/far target locations, then h

c. Readl5 calculates a Set Point, _
which is the value that you wan ke .
the target to read when you 1 +.0823
finish tilting the laser beam.
This bucksin the laser to the twc
reference points.

STEP 3: Plac
readings to
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Step 37 Tilt Laser to be Parallel to Reference Points

a. There are two ways to use the Set Point:

9 To Goi This is the amount the laser be¢
needs to be tilted until the Far point valt
is equal to the Near point value. Herey
will tilt the laser until the To Go value is
zero.

9 Set Point This is the value you want the
main display value to be set to. The las
is buckedin when the display value
equals the Set Point.

b. Tilt the laser until either the To Go value is
zero or the display (yellow) value equals the
Set Point.

c. Move the target back to the Near Point and
value should be equal to the Set Poaint.

d. If not, then repeat Steps 2 and 3 until the
display values are zero at both the Near an
Far points. The laser is now buckiedo the
two reference points for a line on a surface.

STEP 5: Move target back to near point;
confirm that value equals set point; zero
target

To measure the flatness (vertical straightness)iitedoetween thé&earandFar points, move the target
to another point on the surface and the display v

to the reference points.

To measure a surfapdane you will need to find a third reference point and repeat Steps 1, 2 and 3 until
the target reads zero atl threereference points (sdggure25). When the laser is buckedto three
points, the entire surface can be measured (rather than just one line on the surface).

L eveling Rolls o o

For checking level on applications with multiple rolls ir
the same horizontal plane, theré3 or =733 must be
used since they have a horizontal laser plane in addit
to the two vertical planes of the142W or L-732W.
Level the laser, place a target on one end of the roll a
zero. Move he target to the other end of the roll and
measure the deviation from levdibbth readings are
zero, then the roll is level. If not, it can be adjusted us
the target as an electronic indictor.

100' (30.5 m)

62



Arc Measurement Method- Sweeping Through the Arc

For hardto-reach rolls that are farther than 2(610 mm) from the laser, or where the roll radius is
greater than 2 ftthe Arc Measurement Method must be used to get accurate results. In this method,
instead of using the bullseye levitle target is swept through an arc to find the Top Dead Center (TDC),
or the highest point on the arc that is tangent to the laser plango this, the target is attached to the roll
and it is slowly rotated (or slidround i} until the highest value is determined (see procedure below).

Arc Measurement
Sweeping Through the Arc

Slowly rotate the roll (or
slide the V-block mag
base or T-1600 Fixture
around the roll) and watch
the display on the R-1356
Readout. The highest
number (most +) will be at
TDC and this is the
measurement value to
record

When readings on the R-
1356 stay the same as
you rotate, you are at TDC

Arc Measurement Method Procedure

1. Set uptheA-15192.4ZB/A-15192.4XBE Target
magnetic base (or use thel®00 as described
below). Ensure that the level on the magnetic b
or fixture is centered, indicating you are close to
TDC.

2. Slowly slide (or rotate the roll) the target magnet
base (or T1600 fixture) around the roll in one
direction while watching the B35 display. If
you see the target readidgcreasingn value, stop
and rotate in the opposite direction. You will ther
see the target valuecreasing As you continue to
sweep through the arc, you will notice the value
stops increasing for a short time, and if you
continue to rotate in the same direction, then yot
will notice the value will start to decrease again.

3. The highest reading (most positive) occurs wher
the target is at the TDC. This is the value to reco
as the measurement for that point.

4. This method should work for roll diameters or target rod lengths up t@6Ztm.
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Tramming Method for Hard -to-Reach Rolls

1.

There are times when the side of the roll is impossible to reach with the target. In this case, we ce
a tram bar to the end of the shaft and put&tis192.4ZB/A-15192.4XBE Target on it. Rotate the
shaft to 12:00 and zero it in Rel&d Then rotate it to 6:00 and the deviation is a measure of how ou
level the roll isrelativeto earth levé

A-1519-2.4ZB Target at 12:00 A-1519-2.4ZB Target at 6:00

For the horizontal parallelism, rotate the shaft to 3:00 and zero it. Then rotate it to 9:00 and this give
measure of how out of parallel the rolredativeto thereference roll

A-1519-2.4ZB Target at 3:00 7 A-1519-2.4ZB Target at 9:00

Note: If the tram bar radius is 1&. (500 mm) long and the difference in the reading is i0@.23 mm), then that
equals a parallelism error of .003 in/ft (0.25 mm/m). If the roll is 186 m) long, then this means the far end of
roll is out by .045n. (1.14 mm) relative to the reference roll.
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The T-1600 NorrMagnetic Roll Fixture for the A-15192.4ZB/A-15192.4XBE
Targets

The T-1600 NonMagnetic Roll ,
Fixture is used for aluminum, rubber
and stainless steel rolls. Also ‘
available is the 7L601 Tight Space
Roll Fixture/Tram Bar, which uses
two A-15192.47B/A-15192.4XBE
Targets to measure alignment in tig
spaces. The following procedure
describes the setup and procedure f
using the F1600.

T-1600
Fixture

TDC Procedure

Note that the level vials on the target mag base or4h@0D NonMagnetic Roll Fixture will find TDC

for most applications where the roll diameter is less than(@.&m) and when the target post is also less
than 2 ft (0.6 m). However, when performing roll alignments on ladg@meter rolls or when using long
target posts, use the Sweeping Through the Arc Method.

1. Set up the 71600 and T1601 as shown in the photograph (or set up the target magnetic base). Make
sure that the level on the fixture is centered, indicating you are close to TDC.

2. If using the F1600, slowly slide it around the roll while watching thel 856 display. You will see
the readings start to increase you get closer to true TDC. When you get to TDC, the readings will
stay the same for a short time as you rotate the roll and then start to decrease as you paseTCD
Arc Measurement MethodSweeping Through the Aon Pagess.

3. If using the mag base, slowly rotate the roll in the same manner. For large diameter rolls that do not
rotate, you will need to slide the mag base in the same way asl#@OTixture.

4. The highest reading (most positive) will be at the TDC and this is the value to record.

Checking Drive Shaft Alignment

To check the drive shaft alignment, th&42W or L-732W is placed either at the end of the drive shaft

or in the middle, depending on the how long it is. The horizontal plane is made parallel to the top of the
closest drive shaft using vertically mounted targets and the vertical scan plane is made parallel to the side
of the same shatft.

Each shaft is checked for parallelism to the reference shaft and aligned accordingly. To check a shaft for
parallelism/colinearity, a target is moved from the reference shaft with@aetoeng, and two

measurements are made, one at either end of the shaft. The difference between the two readings is the
angle of the shaft relative to the reference shaft and the average is how far off center it is from the
reference shaft. Up to 200 &f drive shafts can be checked with one setup.
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Appendix AT Equipment Drawings

L-733 Precision Geometry Laser
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