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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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hittee responsible for this document is ISO/TC>213, Dimensional and geometrical prod
bns and verification.

consists of the following parts, under-the general title Geometrical product specificati
cceptance and reverification tests for.coordinate measuring machines (CMM):

Vocabulary

CMM:s used for measuring linear dimensions

CMMs with the axis of a_rotary table as the fourth axis

CMMs used in scaiiniiig measuring mode

CMMs using single and multiple stylus contacting probing systems
Estimatien’of errors in computing of Gaussian associated features

CMMsequipped with imaging probing systems

Lict

Dns

Dns

also consists of the following parts, under the general title Geometrical product specificati

(GPS) — Acceptance and reverification tests for coordinate measuring systems (CMS):

— Part 8: CMMs with optical distance sensors

— Part 9: CMMs with multiple probing systems

— Part 10: Laser trackers for measuring point-to-point distances

The following part is under preparation:

Part 1

2: Articulated-arm CMMs

Computed tomography is to form the subject of a future part 11

© ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=c70cd5b90b5e41d38a4f09395ac65a79

ISO 10360-10:2016(E)

Introduction

This part of ISO 10360 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO 14638). It influences link F of the chains of standards on size, distance,
radius, angle, form, orientation, location, and run-out.

The ISO/GPS matrix model given in ISO 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this part of ISO 10360
and the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this
partofI1SO 10360, unless otherwise indicated

Mdre detailed information on the relation of this part of ISO 10360 to other standards\and the GPS
mdtrix model can be found in Annex .

The objective of this part of ISO 10360 is to provide a well-defined testing procedure for a) lader tracker
mgnufacturers to specify performance by maximum permissible errors (MPEs),.and b) to allpw testing
of these specifications using calibrated, traceable test lengths, test spheres! ‘and flats. The feneﬁts of

thdse tests are that the measured result has a direct traceability to the unit of length, the thetre, and
thdt it gives information on how the laser tracker will perform on similarjlength measuremeints.

This part of ISO 10360 is distinct from that of ISO 10360-2, which is{for coordinate measuring machines
(CMMs) equipped with contact probing systems, in that the orientation of the test lengths reflect the
different instrument geometry and error sources within the instrument.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 10360-10
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Geometrical product specifications (GPS) — Acceptance
and reverification tests for coordinate measuring
systems (CMS) —

Part 10:
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Laser trackers for measuring point-to-point distance

Scope

s part of ISO 10360 specifies the acceptance tests for verifying the performance of a lader tracker
measuring calibrated test lengths, test spheres and flats according, foythe specificatipns of the
nufacturer. It also specifies the reverification tests that enable the user'to periodically rgverify the
formance of the laser tracker. The acceptance and reverification tests-given in this part of [SO 10360

applicable only to laser trackers utilizing a retro-reflector as ‘a“probing system. Laser trackers
t use interferometry (IFM), absolute distance meter (ADM) nmiéasurement, or both can Qe verified
using this part of ISO 10360. This part of ISO 10360 can also belused to specify and verify t

formance tests of other spherical coordinate measurerient systems that use cooperatiy
h as “laser radar” systems.

TE Systems, such as laser radar systems, which do, not track the target, will not be tested
formance.
s part of ISO 10360 does not explicitly apply to measuring systems that do not use a

cogrdinate system (i.e. two orthogonal rotary axes having a common intersection point w

lin
by

Th

2

par axis in the radial direction). However;the parties can apply this part of ISO 10360 to sud
mutual agreement.

s part of ISO 10360 specifies
performance requirementsithat can be assigned by the manufacturer or the user of the lag

the manner of exeeution of the acceptance and reverification tests to demonstrate
requirements,

rules for proving conformance, and

applications for which the acceptance and reverification tests can be used.

Normative references

e relevant
e targets,

or probing

spherical
th a third
h systems

er tracker,

he stated

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 10360-8:2013, Geometrical product specifications (GPS) — Acceptance and reverification tests for
coordinate measuring systems (CMS) — Part 8: CMMs with optical distance sensors

ISO 10360-9:2013, Geometrical product specifications (GPS) — Acceptance and reverification tests for
coordinate measuring systems (CMS) — Part 9: CMMs with multiple probing systems

ISO 14253-1, Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 1: Decision rules for proving conformity or nonconformity with specifications
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

laser tracker

coordinate measuring system in which a cooperative target is followed with a laser beam and its
location determined in terms of a distance (range) and two angles

Note 1 to entry: The two angles are referred to as azimuth, 6 (rotation about a vertical axis - the standing axis of
the laser tracker) and elevation, ¢ (angle above a horizontal plane — perpendicular to the standing axis).

3.2
interferometric measurement mode
IFM mod¢
measurenjent method that uses a laser displacement interferometer integrated in a laser tracker (3.1)
to determjne distance (range) to a target

Note 1 to enhtry: Displacement interferometers can only determine differences in distance,'ahd therefore reqyire
areferencqdistance (e.g. home position).

3.3
absolute fistance measurement mode
ADM mode
measurenjent method that uses time of flight instrumentation ifitegrated in a laser tracker (3.1)| to
determing the distance (range) to a target

Note 1 to ¢ntry: Time of flight instrumentation may include a variety of modulation methods to calculate [the
distance to the target.

3.4
retroreflector
passive device designed to reflect light back<parallel to the incident direction over a range| of
incident aﬁlgles

Note 1 to eptry: Typical retroreflectors are the-eat’s-eye, the cube corner, and spheres of special material.
Note 2 to eptry: Retroreflectors are coppéerative targets.

Note 3 to gntry: For certain systems,€.g. laser radar, the retroreflector might be a cooperative target such s a
polished sghere.

3.5
spherically mounteddretroreflector
SMR
retrorefleqtor (3.4).that is mounted in a spherical housing

Note 1 to eptry:Jn the case of an open-air cube corner, the vertex is typically adjusted to be coincident with [the
sphere cenfré.

Note 2 to entry: The tests in this part of ISO 10360 are typically executed with a spherically mounted
retroreflector.

Note 3 to entry: See Figure 1.

3.6

stylus and retroreflector combination

SRC

probing system that determines the measurement point utilizing a probe stylus to contact the
workpiece, a retroreflector (3.4) to determine the base location of the probe, and other means to find
the stylus orientation unit vector

Note 1 to entry: The datum for the stylus tip offset (L) is the centre of the retroreflector.

2 © IS0 2016 - All rights reserved
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Note 2 to entry: See Figure 1.
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a) SMR b) SRC

laser beam

retroreflector

measurement point

contact point

base location

stylus orientation unit vector
normal probing direction vector
stylus tip offset

Figure-1 — Representation of SMR vs. SRC

tical distance sensor-and retroreflector combination

ODR

probing system thatdetermines the measurement point utilizing an optical distance sensor t
th¢ workpiece, a‘etroreflector (3.4) to determine the base location of the optical distance s
other means to find the orientation of the optical distance sensor
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3.9

length measurement error
Euni:L.LT

EBi:L.LT

error of indication when performing a unidirectional (Eypi:L..T) or bidirectional (EBj:L.LT) point-to-point
distance measurement of a calibrated test length using a laser tracker with a stylus tip offset of L

Note 1 to entry: Eynj.0.LT and EB;.o.LT (used frequently in this part of ISO 10360) correspond to the common case
of no stylus tip offset, as the retroreflector optical centre coincides with the physical centre of the probing system

for

spherically mounted retroreflectors.

© ISO 2016 - All rights reserved
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3.10

normal CTE material
material with a coefficient of thermal expansion (CTE) between 8 x 10-6/ °C and 13 x 10-6/ °C

[SOURCE:

ISO 10360-2:2009]

Note 1 to entry: Some documents may express CTE in units 1/K, which is equivalent to 1/ °C.

3.11

probing form error

PForm.Sph.

x25:SMR.LT

error of i
squares fi

Noteltoe
this fitted

3.12

probing siize error

PSize.Sph.l)

error of ifdication of the diameter of a spherical material standard of sizeZas-determined by a le3

squares fif of 25 points measured with a laser tracker (3.1)

3.13

location grror

two-face grror

plunge and reverse error

Lpia.2x1:P&R:LT

the distanfce, perpendicular to the beam path, between two.measurements of a stationary retrorefled
(3.4), whefe the second measurement is taken with thefaser tracker (3.1) azimuth axis at approximat
180° from|the first measurement and the laser trackerelevation angle is approximately the same
Note 1 to eptry: This combination of axis rotations is known as a two face, or plunge and reverse, test.

Note 2 to eptry: The laser tracker base is fixedduring this test.

3.14

maximuj\l/]; permissible error of length measurement

Eyni:L:LT,MPE

EBi:L:LT,MPE

extreme vplue of the length mmeasurement error, Eg;.L.LT or Eyni:L:LT, permitted by specifications

Noteltoe

3.15

maximum permissible error of probing form

PForm.Sph.
extreme vj

dication within which the range of Gaussian radial distances can be determined by a de3
L of 25 points measured by a laser tracker (3.1) on a spherical material standard of size

htry: Only one least-squares fit is performed, and each point is evaluated for its distance (radius) fx
entre.

25:SMR.LT

htry: EBi.o.L.TMpEand Euni:0:LT,MPE are used throughout this part of ISO 10360.

x25%SMR.LT,MPE
plae of the probing form error (3.11), Prorm.Sph.1x25::SMR.LT, permitted by specifications

tor
ely

3.16

maximum permissible error of probing size
Psize.Sph.1x25::SMR.LT,MPE

extreme v

3.17

alue of the probing size error (3.12), Psize.Sph.1x25::SMR.LT, permitted by specifications

maximum permissible error of location
Lpia.2x1:P&R:LT,MPE

extreme v

alue of the location error, Lpia.2x1:P&R:LT, permitted by specifications
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3.18

rated operating condition

operating condition that must be fulfilled, according to specification, during measurement in order that
a measuring instrument or measuring system performs as designed

Note 1 to entry: Rated operating conditions generally specify intervals of values for a quantity being measured
and for any influence quantity.

Note 2 to entry: Within this part of ISO 10360, the term “as designed” in the definition means “as specified by MPEs”".

Note 3 to entry: When the rated operating conditions are not met in a test according to this part of ISO 10360,
neifher conformance nor non-conformance to specifications can be determined.

[SQURCE: ISO/IEC Guide 99:2007, 4.9 — modified.]

4 | Symbols
For the purposes of this part of ISO 10360, the symbols in Table 1 apply.

Table 1 — Symbols of specification quantities

Symbol Meaning

Euhi:L:LT
£ B Length measurement error (Uni- or Bi-dixectional lengths) where L is the stylfis tip offset
Bji:L:LT

PFprm.Sph.1x25::SMR.LT
Prprm.Sph.1x25::SRC.LT Probing form error for SMR~SRC or ODR operation mode

PFprm.Sph.1x25::0DR.LT

Pslze.Sph.1x25::SMR.LT
Pslze.Sph.1x25::SRC.LT Probing size erref.for SMR, SRC or ODR operation mode

Ps|ze.Sph.1x25::0DR.LT
Lpla.2x1:P&R:LT Location error (from two face tests)

EUhi:L:LT,MPE . . . ;
Maximum permissible error of length measurement where L is the stylug tip offset

EBJ:L:LT,MPE
PEbrm.Sph.1x25::SMR.LT,MPE ~| Maximum permissible error of probing form

Ps|ze.Sph.1x25::SMR.LT,MRE Maximum permissible error of probing size

Lpja.2x1:P&R:LT,MPE Maximum permissible error of location (from two face tests)

Accessory sensor testing - SRC

Sympol Meaning
PFprm.Sph.ix25::SRC.LT Probing form error for SRC
Psize:Sph.1x25::SRC.LT Probing size error for SRC
PpETS*TSReTT OrientationerrorforSRE

PForm.Sph.1x25::SRC.LT,MPE | Maximum permissible error of probing form for SRC

Psize.Sph.1x25::SRC.LT,MPE Maximum permissible error of probing size for SRC

PDia.15x1::SRC.LT,MPE Maximum permissible error of orientation for SRC

Accessory sensor testing - ODR

Symbol Meaning
PForm.Sph.1x25::0DR.LT Probing form error for ODR (25 points)
PForm.Sph.D95%::0DR.LT Probing form error for ODR (95 % of the points)
PSize.Sph.1x25::0DR.LT Probing size error for ODR (25 points)

© IS0 2016 - All rights reserved 5
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Table 1 (continued)

Symbol Meaning
Psize.Sph.All::0DR.LT Probing size error for ODR (all points)
EForm.Pla.D95%::0DR.LT Flat form error of measurement with ODR (95 % of the points)

PEorm.Sph.1x25::0DR.LT,MPE | Maximum permissible error of probing form for ODR (25 points)

PForm.Sph.D95%::0DR.LT,MPE |Maximum permissible error of probing form for ODR (95 % of the points)

PSize.Sph.1x25::0DR.LT,MPE Maximum permissible error of probing size for ODR (25 points)

Psize.Sph.All::ODR.LT,MPE Maximum permissible error of probing size for ODR (all points)

EForm.Pla.D95%::0DR.LTMPE |Maximum permissible error of flat form measurement with ODR (95 % of the poin|ts)

Multiple sensor testing

Yymbol Meaning
PForm.Sph.i{x25::MPS.LT Multiple probing system form error
Psize.Sph.n25::MPS.LT Multiple probing system size error
Lpia.nx25::MPS.LT Multiple probing system location error
PForm.Sph.|x25:MPS.LT,MPE |Maximum permissible multiple probing system form error
PSize.Sph.n+{25::MPS.LT,MPE Maximum permissible multiple probing system sizé€ error
Lpia.nx25::MPS.LT,MPE Maximum permissible multiple probing systemmlocation error

NOTE1 [For the common case of length testing with an SMR, L will be.equal to 0 (e.g. EBi:0.LT)-
NOTE 2  [The specific combinations of sensors for the multiple probing system errors depend on the sendors
provided with the laser tracker system. The combination couldbe explicitly captured in the symbol, such as Pg;ze.
Sph.2x25:0D4,SMR:MPs.LT Where the symbols indicating sensors are listed alphabetically.

NOTE 3  [In the Multiple Sensor Testing entries, n (in nx25) is the number of sensors being involved (n=2).

5 Ratefd operating conditions

5.1 Environmental conditions

Limits for permissible environmental conditions such as temperature conditions, air pressure, humidjty,
and vibration at the site of usagelor testing that influence the measurements shall be specified by

— the mpnufacturer, inth@ case of acceptance tests, and
— theuder, in the casé of reverification tests.

In both cdses, the-user is free to choose the environmental conditions under which the testing will be
performed within the specified limits (Form 1 in Annex A is the recommended method for specifyjng
these condlifiens).

If the user wishes to have testing performed under environmental conditions other than the ambient
conditions of the test site (e.g. at an elevated or lowered temperature), agreement between parties
regarding who bears the cost of environmental conditioning should be attained.

5.2 Operating conditions

The conditions required by the manufacturer in order to meet the MPE specification shall be specified
(as given, e.g. in a specification sheet).

6 © IS0 2016 - All rights reserved
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In addition, the laser tracker shall be operated using the procedures given in the manufacturer’s
operating manual when conducting the tests given in Clause 6. Specific areas in the manufacturer’s

m

anual to be adhered to are, for example

a) machine start-up/warm-up cycles,

b) machine compensation procedures,

c) cleaning procedures for retroreflector and nests,

d) SMR or SRC qualification,

e) | location, type, and number of environmental sensors (i.e. “the weather station”), and

f) | location, type, number of thermal workpiece sensors.

6 | Acceptance tests and reverification tests

6.1 General

In the following

— | acceptance tests are executed according to the manufactuter’s specifications and proceflures that
are in compliance with this part of ISO 10360, and

— | reverification tests are executed according to the ‘user’s specifications and the manyfacturer’s
procedures.

If gpecifications permit, the laser tracker may be tested in an orientation other than the normpl upright,

vefftical orientation. In every case, the azimuth@nd elevation angles will be oriented with respect to the

laser tracker. The position and orientation of-the test lengths with respect to the laser trackgr shall be

cleprly defined before the tests begin. In general, the test lengths will not rotate with the lasgr tracker.

However, the locations for probing and\two-face tests will maintain a fixed relationship with respect

to the laser tracker’s standing axis (i.e: they will rotate with the laser tracker). For example, {f the laser

tracker is mounted with its standing axis horizontal, the “above” and “below” directions described in

Talple 2 and Table 3 will be parallel to the standing axis.

Where least-squares (Gaussian) fitting is used in the derivation of test results, this siall be an

unfonstrained fit to the{data, unless constraints to the fitting are explicitly stated.

6.2 Probing size-and form errors

6.24.1 Principle

The principle of this test procedure is to measure the size and form of a test sphere using|25 points

probed ‘with the SMR, SRC, or ODR. This subclause gives the specific testing procedure fof using an

SBMWWWWWW&MWMWg with the

SRC or ODR sensors, respectively. A least-squares sphere fit of the 25 points is examined for the errors

of indication for form and size. This analysis yields the form error, Prorm.Sph.1x25::SMR.LT, and the size
error, Psize Sph.1x25:SMR.LT-

NOTE 1

NOTE 2

Probing errors Prorm.Sph.1x25:SMR.LT and Psize Sph.1x25::SMR.LT do not apply to laser radar systems.

These are tests of the laser tracker system’s ability to locate individual points in space. These tests are

not intended to check any of the specifications supplied by an SMR manufacturer, although errors in the SMR will

in

©

fluence the test results.
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NOTE 3

be affected

When performing this test with a spherically mounted retroreflector (SMR), three types of errors in
the SMR may influence the results of this test. If the sphere, within which the retroreflector is mounted, is out-of-
round, this will influence the test result. Also, if the mirrored surfaces which comprise the retroreflector are not
mutually orthogonal, or if their point of intersection is not coincident with the sphere centre, the test result will

6.2.2 Measuring equipment

The material standard of size, i.e. the test sphere, shall have a nominal diameter not less than 10 mm
and not greater than 51 mm. The test sphere shall be calibrated for size and form.

NOTE l:t may be difficult to make measurements on smaller test spheres due to interference with,[the

sphere mount.

6.2.3 Procedure

Mount thg test sphere so that a full hemisphere may be probed. When a spherically mounted

retrorefleftor is used for probing, the test sphere support should be oriented away from the lager

tracker. For an SRC, the support should be located away from the normal probing 'direction.

The test sphere should be mounted rigidly to minimize errors due to bending:

NOTE1 [The normal probing direction for the SRC is along the stylus shaft.of the SRC.

Measure gnd record 25 points. The points shall be approximately evenly distributed over at leaqt a

hemisphefre of the test sphere. Their position shall be at the disctetion of the user and, if not specified,

the followjing probing pattern is recommended (see Figure 2):

— one ppint on the pole of the test sphere;

— four pgoints (equally spaced) 22,5° below the pole;

— eight points (equally spaced) 45° below the pole and rotated 22,5° relative to the previous grouy;

— four points (equally spaced) 67,5° belourthe pole and rotated 22,5° relative to the previous groujp;

— eight points (equally spaced) 90° below the pole (i.e. on the equator) and rotated 22,5° relativq to
the prjevious group.

NOTE 2 [Due to the manual nature of point measurement with laser trackers, it is recognized that the eyact

points recg

mmended might not/be-measured.
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Pole - point on sphere opposite the support.
Figure 2 — Location of probing points
1 the laser

The results of these tests may be highly dependent on the distance of the retroreflector fron
tracker, especially for the SRC and ODR sensors. Therefore, the test shall be performed at the¢ required

tances from the laser tracker, as indicated in Table 2.

dis
Table 2 — Probe testing locations
Distance from the laser tracker Required for these Height relative to the laser tracker
sensors centre of rotation
<2 ma SMR, SRC, ODR approximately same height
approximately 10 m SRC, ODR more than 1 m above or below
Where a manufacturer’s specifications explicitly state that an SRC or ODR sensor only performs at a distance greater

a
than 2 m from the laser tracker, the test shall be performed at the minimum stated distance.

The probe testing locations will have the same location and orientation relative to the laser tracker’s

NOTE 3
standing axis if the laser tracker is not oriented vertically.
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6.2.4 Derivation of test results

6.2.4.1 Size errors

Using all 25 measurements, compute the Gaussian associated sphere. Record the diameter of this
sphere. The signed difference of this (measured) diameter from the calibrated (reference) diameter of
the test sphere, i.e. DMgas - DREF, is the probing size error, Psize.Sph.1x25::SMR.LT (for an SMR).

6.2.4.2

For each
centre of
Rmax - Rm

6.3 Loc

6.3.1 Principle

The princ
the locati
configura
approxim
The appa
retrorefle

As these tests can be performed quickly, and will immediatély reveal problems with the laser trac

geometry

6.3.2 MEasuring equipment

The equip

6.3.3 Procedure

Mount th¢ target nest so that the mest and its support will not interfere with measurement of

retrorefle

Place the

Rotate both angular axes ofthe laser tracker by the appropriate angles and re-acquire the retroreflec
Measure this location of the retroreflector in the angles only, using the range value from the fj
measurenpent.

The targe

The resul
tracker, a

Form errors

f the 25 measurements, calculate the Gaussian radial distance, R, as the distance from
the least-squares sphere to the measurement point. Record the range of these values;
n, as the probing form error, Prorm.Sph.1x25::SMR.LT (for an SMR).

ation errors (two-face tests)

ple of this test procedure is to detect geometric errors of the laser tracker by measur
pn of a stationary retroreflector twice in different laser trackér configurations. Th
ions are obtained by a) measuring in normal mode, then b)(fotating the azimuth axis
htely 180° and moving the elevation angle through the vertieal to reacquire the retroreflec
Fent distance, perpendicular to the laser beam, betwgen the two measurements of
ctor yields the test result, Lpia.2x1:P&R:LT-

and its correction, it is recommended that thesétests be performed first.

ent for this test is a target nest thatjis mounted rigidly at the positions required in Table

ctor.

SMR in the nest, and measure the location of the SMR using the two angles and the ran

nest shoirld be mounted rigidly to minimize uncertainty in the measurements.

s-of\these tests may be highly dependent on the distance of the test sphere from the la

the
i.e.

ng
e
by
or.
the

Ker

o0

Lhe

ge.
or.
rst

Ser

d=nfluenced hy the laser tracker’s qngn]ar orientation 'T'hprpfnrp’ these tests shall

be

performed at two distances from the laser tracker and at three different orientations, as indicated in
Table 3. The distance from the laser tracker is the horizontal distance between the laser tracker and
the retroreflector position, and the orientation angle is the nominal azimuth angle of the laser tracker

when it is

10

pointing at the retroreflector.
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Table 3 — Two-face measurement positions

:2016(E)

Distance . .
Position from Description of Azimuth angle(s) with
L respect to the laser tracker
number | the laser trac- the retroreflector position .
kera in degrees?
er
Two-face test, retroreflector at least 1 m below
1-3 L5m the height of the laser tracker centre of rotation 0,120,240
4-6 15m Two-face test, retroreflector_‘ at height of the 0,120, 240
laser tracker centre of rotation
Two-face test, retroreflector at least 1 m above
7P L5m height of the laser tracker centre of rotation 0,120,240
Two-face test, retroreflector at least 1 m below
1012 6m height of the laser tracker centre of rotation 0,120,240
13L15 6m Two-face test, retroreflector_‘ at height of the 0,120, 249
laser tracker centre of rotation
Two-face test, retroreflector at least 1 m above
16r-18 6m height of the laser tracker centre of rotation 0,420, 240
a | The distance from the laser tracker should be within 10 % of the nominal distanee; and azimuth angle withjin 5°.
NO[TE The testing locations will have the same location and orientation relative to the lasdr tracker’s
stapding axis if the laser tracker is not oriented vertically.
6.3.4 Derivation of test results
Calculate the location error relating the two measured locations. This distance betweeh the two
locations is the location error, Lpja.2x1:P&R:LT-
If the two measured locations correspond to (61, 1, R1) and (62, ¢2, R?) in spherical coordjnates, the
calculated location error relating the two lpcations is calculated as
2 2
Lpiaoxiparet = Riy(01 —92)0F [(‘91 - 92‘ - ”)COS‘PJ (M
where 8 and ¢ are the azimuttraid elevation angles in radians, respectively. ¢1 and ¢  are appjoximately
eqtial, and 61 and 6 are dpproximately m radians (180 degrees) apart. Only the first rangel value, Ry,
is fised in the calculation of the location error, as this test is not intended to capture differences in
thg range values. Instruments using ADM range measurement will report the second rangef Ry, while
ingtruments using IFM range measurement will not.
NOTE1  Forthis document, the elevation angle ¢ is zero at the horizontal.
NO[TE 2 <Although ¢1 and ¢ ; are approximately equal, the instrument may report them as significantly
different\alues (0,1 rad, and - 0,1 rad) as they occur at different locations on the laser tracker’s encpder.
NOIE3 _ Thesubscript“Dia” in the symbol Lpia 2x1 par .rTrefers to the diameter of the minimum circhmscribing
sphere containing the two reported locations. For two locations, this diameter is the distance between the
locations.

6.4 Length errors

6.4.1 General

The tests of length measurement errors are comprised of 105 length measurements. Of these, 41 test
length positions are mandatory and described in Table 4. The user is free to choose the remaining 64

©lI
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test length positions. To assist the user in choosing these positions, two non-mandatory alternatives
are provided.

NOTE Laser tracker usage may guide the user’s choice as well (e.g. if the laser tracker is specified over a
prismatic volume, alternative 2 described in 6.4.4.3 may be appropriate).

One or more formulae shall be specified by the manufacturer so that the MPE can be uniquely
determined for any point-to-point measurement in the measuring volume. If more than one formula is
specified, a rule shall be unambiguously stated so that it is always clear which formula is to be used. The
form of the formulae is the choice of manufacturer. The manufacturer shall have a means of specifying
the MPEs for the prescribed calibrated test lengths measured in the positions described in Table 4 of
this part qf ISO 10360.

For the pyrposes of comparing specifications, the MPEs for positions 1 to 35 and 41 shall be‘explic]tly
stated in fh table such as shown in Annex A at the standoff distances indicated in Table @\and a tlest
length of 2,75 m, except for lengths 30 to 35 which shall be a length of 9 m. Where the standoff distance
is “as clos¢ as practical,” a distance of 0,5 m shall be used in computing the MPE.

For the pyrposes of testing, the calibrated test lengths may be within the ranges.of'length (i.e. 2,23 m
to 2,75 mjpnd 7 m to 9 m) stated in Table 4, and the MPEs used to determine ¢onformance of the laser
tracker will be recalculated based on the actual length of the test length usedin the test.

The MPEs|for positions 36 to 40 shall be stated as a formula in 4 + (B/K)L-form.

6.4.2 Principle

measurement errors describe the three-dimensionaldeviation behaviour of the laser tracker
in the spetified measuring volume. This deviation behaviourd$ caused by the superposition of differpnt
individual deviations such as uncorrected systematic deviations of the length measuring system gnd
the angle ¢ncoders, random measuring deviations, geometric imperfections in the rotary axes and /ot of
the probirg system. As the deviation behaviour depends, among other things, on the mode of operation,
different yalues of the characteristics may result‘for different modes of operation (interferometriqd or
absolute distance measurement, vertical or horizontal installation of the laser tracker, and the use oflan
SMR, SRC/|or ODR). If a specific mode of opeération is not indicated in the manufacturer’s specification,
this specification shall apply to all modes’of operation available to the user. It is recommended, if
multiple sensors are available, that the\ength tests be performed with the SMR to determine length
measurenjent errors. The performance of the other sensors shall then be determined in accordance
with the procedures in Annex G ahd Annex H.

NOTE Lines f and g of the spécification sheet (Annex A) are examples of where modes of operation might be
specified by the manufacturér:

In most cfses, length testing is performed with an SMR only. Additional tests for accessory probjng
systems afe given imAnnex G and Annex H. If both [FM and ADM are specified, perform a subset of two
complete fests aeeording to 6.4.4.4.

6.4.3 MeaSuring equipment

A calibrated test length may be realized in a number of ways, including scale bars, target nests mounted
on walls or freestanding structures, use of a rail-and-carriage system, gauge blocks, ball bars, etc.
Annex B provides the details of test lengths.

A laser tracker uses one linear axis and two rotary axes to determine the location of a retroreflector.
The normative locations in Table 4 include tests that span at least 66 % of the manufacturer specified
measuring ranges of the linear and the two angular axes, respectively. Positions 1 and 2 accomplish
this for each rotary axis separately, while positions 36 to 40 accomplish this for the ranging (linear)
axis. The angular range of a measurement is determined by both the test length to be measured and
its distance from the laser tracker. It is therefore possible to obtain a variety of angular measurements
using a single calibrated test length. For this reason, the test lengths in positions 1 to 29 of Table 4 shall
be between 2,25 m and 2,75 m.
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The manufacturer shall state the upper, and optionally lower, limits of the CTE of the calibrated test
length. The manufacturer may calibrate the CTE of a calibrated test length. The manufacturer shall
specify the maximum permitted (k = 2) uncertainty of the CTE of the calibrated test length. In the
case where the calibrated test length is composed of a uni-directional length and other information as
described in Annex B, the CTE shall be considered to be that of the uni-directional length. The default
for a calibrated test length is a normal CTE material unless the manufacturer’s specifications explicitly
state otherwise.

Areference laser interferometer may be used to establish calibrated test lengths. A laser interferometer
that is corrected for the index of refraction of air has a zero CTE (a = 0). Hence, if it is used to produce
a cpibra Hthe reference
laspr has a workpiece (material) temperature sensor, then the workpiece CTE in the laser’s software
shll be set to 0. If a temperature compensated laser tracker is being tested, the workpiece LTE in the
las

er tracker software shall be set to 0 when measuring these test lengths.

tad it +£.] £l _tloio & +£.] £loi A | | ] Falanh rs ial A ddies 1]
LtCU Lot lCllsLll, LIIIS LUOSL lCllsLll IS LUIISIUTICTU A 1IUVYV U T L I1I1IdlCl Idl1. ﬂuulLlUllall)’,

If
or
de

the calibrated test length is not a normal CTE material, then the corresponding Ej
EBi:0:LT,MPE Values are designated with an asterisk (*) and an explanatosynote shall bg
cribing the CTE of the calibrated test length.

ni:0:LT,MPE
provided

EXAMPLE

Eyni:o:.LT, MPE* or EBi:0:LT,MPE™

T,
U((

st length is carbon fibre with a CTE no greater than 0,5 x 10-6/ °C and with an expanded uncertajinty (k = 2)
TE) no greater than 0,3 x 10-6/ °C.

Fo1
les

pel

NO[TE1 Due to the large size of test lengths required for testing laser trackers, it is common for this low CTE
optiion to be included in the laser tracker specifications.

the case where the manufacturer’s specification for £uii.o:L.T,MPE Or EBi.0:LT,MPE requires a CTE
5 than 2 x 10-6/ °C (thus being a non-normal CTE), an additional “synthetic length tes{” shall be
formed, as described in Annex C.

NO
val

TE 2  Because of the difficulty in establishing long test lengths, especially in real environments, the test
lle uncertainty is very important in determining conformance to specifications.

6.4.4 Procedure

6.4.4.1 Required test length'positions

described

in [Fable 4 and showndin-Figure 3. If, in the case of IFM measurements, a beam break occur]
gth measuremernt, the measurement during which the beam was broken shall be restar
e of ADM meaSurements, the beam shall be broken before each reflector measurement (at
bach length méasurement), forcing the laser tracker to re-establish the distance to the rq
't of the ADM measurement process. Each entry in Table 4 shall have a manufacturer spe
t is applicable to that particular calibrated test length in the orientation and location spec

Pl]ce the calibrated testlength(s) at each location and orientation relative to the laser tracker

le
cas
of

pa
tha

5 during a
fed. In the
either end
pflector as
ified MPE
ified.

In [Fable 4, the laser tracker origin is at the intersection of the two rotary axes,
hal-ctockorise—sense—sbe S R
non-rotating laser tracker base. The di
distance d in Figure 3.

and the azi

v VV y A'
c 4 U )

stance of the test length from the laser trac

NOTE 1
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In many instances, it may be easier to move or re-orient the laser tracker than to move the test length.

13


https://standardsiso.com/api/?name=c70cd5b90b5e41d38a4f09395ac65a79

ISO 10360-10:2016(E)

Table 4 — Measurement positions

i Distance
Position from L .
number Description of test length position .
Basi laser o Azimuth angle(s)
( hasic tracker (shown in Figure 3)
positions) -
origin
1 As close as Horizontal, centred (i.e. the ends of the test length are equidis- at anv azimuth
practical tant from the laser tracker), and at laser tracker height.a y
2 As close as Vertical, centre of the length at laser tracker height (ends of the at anv azimuth
practical test length equidistant from the laser tracker).b y
Horizontal, centred (i.e. the ends of the test length are equidis-
3-6 3m tant from the laser tracker), and at laser tracker height. 0,90,180, 270
- 3m Vertical, centre of the length at laser tracker height (ends of the at anv azimuth
test length equidistant from the laser tracker). y
Right diagonal, centred (i.e. the ends of the test length are equi-
8-11 3m distant from the laser tracker), and the centre of the lengthisat |0, 90;180, 270
laser tracker height.
Left diagonal, centred (i.e. the ends of the test length are equi-
12-15 3m distant from the laser tracker), and the centre of the length is at, |0, 90, 180, 270
laser tracker height.
Horizontal, centred (i.e. the ends of the test length are equidis-
16-19 6m tant from the laser tracker), and at laser tracker height. 0,90,180,270
As close as Horizontal, not-centred (i.e. the laser tracker is difectly in front
20-23 practical of one end of the length), and at laser tracker height: 0,90,180, 270
As close as Vertical, not-centred (i.e. the laser tracker js directly in front of .
24 . at any azimuth
practical one end of the length).
Diagonal, one end below or above the,point directly in front of
2528 As close as the laser tracker, the other end to the right or left of the point 090 180 270
practical directly in front of the laser trackersThe range to the two ends of | ™~ ’
the length are equal.
As close as Horizontal, centred directlytabove (as much as that is possible) .
29 : . at any azimuth
practical the laser tracker itself.
Horizontal, centred-(i.e:the ends of the test length are equidis-
- 8] ’ :
30-35 Long tant from the laser\tracker), at laser tracker height. 0,30,60,90,120, 150
: : o . :
36-40 5_Rang1ng test | These test dlstancez cover 66 % of the linear axis (IFM or ADM) at any azimuth
distances of the lasertracker.d.e
41 Synthetic Follow regiiirements of Annex C at anv azimuth
length test (onlyrequired for low CTE test length case) y
a  This tesft covers 66 % of the horizantal angle measurement range of the laser tracker, if the maximum angle is considered to be 1B0°
for a single ppint-to-point measurément.
b This tesk covers 66 % of the vértical angle measurement axis of the laser tracker.
c In the special “long".case; a longer test length is measured at a longer distance from the laser tracker. It is recommended to measjre
atestlengthjof 7 m to 9ym at a distance of 7 m to 9 m.
d  The disfance besween the two measured points used to evaluate the longest test length shall be at least 66 % of the manufacturer
specified mgximtim ‘measurement range of the laser tracker unless there is mutual agreement otherwise between manufacturer gnd
the user.
e For users that do not intend to use the full measurement range of the laser tracker, the user may choose lengths 36 to 40 that span
a shorter range than 66 % of the maximum specified range and shall note the new maximum range on the test report. This does not
influence any of the other specifications in this part of ISO 10360.

NOTE 2  The lengths in Table 4 are supplemented with additional measurements (see 6.4.3) for a total of 105
length measurements.

In the ranging tests (lengths 36 to 40), each of the five test lengths are defined as a two point distance.
However, it is permitted to measure a first point close to the laser tracker (e.g. less than 1,5 m from the
laser tracker) and then the five successive points at increasing distances, where the five test lengths
are all calculated from the common first point. In explanation, if the points are labelled A (closest) to
F (farthest), a sequence of measurements such as (AB, AC, AD, AE, AF) are the specified test lengths to
which the MPE applies. However, a measurement sequence such as ABCDEF is permitted to evaluate
the ranging capability of the laser tracker, because the repeatability of re-measuring nest A is expected
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to be small compared to the errors observed in the long lengths measured in the ranging tests. The
user may, however, require that the full formal test procedure be conducted at each test length; this re-
measures the A location five times as in (AB, AC, AD, AE, AF) or (AB, CA, AD, EA, AF). The distribution
of the test lengths shall be approximately evenly spaced, with the longest length (AF) spanning at least
66 % of the manufacturer specified maximum measuring range of the instrument.

In some cases, testlengths may not be available that are sufficiently long to span 66 % of the instrument’s
measuring range. In this case, both parties may agree to use other means to generate a calibrated test
length. These might include length standards that are “stitched” together (i.e. overlapped end-to-end)
to form a longer test length, or laser-based test lengths, such as those consisting of a line of nests whose

negtto-pestdistancesare-catibrated-withareference-interferometer-ot ua;us maleateration. In such
cages, the procedure shall be documented and the uncertainties associated with these techniques shall
belconsidered carefully, as they contribute to the test value uncertainty.
The tester should use extreme care to be certain that the environment and the test.length ¢nd points
arg stable for the measurement of test lengths 36 to 40. It is common that these dengths are egtablished
using a reference interferometer in air, and variability in the environment or ghénests can comtribute to
unfertainty in the testlength, which contributes to the test value uncertaint{ ef the length megsurement
erijor value.

B A

d
B.d
A
A B
a) 1, 3-6, 16-19, 30-35 b) 2,7 d) 12-15
B B
\ A
B d
A 2 d
=
e) 20-23 f) 24 g) 25-28 h) 29

Key
A and B ends of the test length
d shortest distance from the laser tracker origin to a vertical line containing the length

NOTE dis perpendicular to the vertical plane containing the test length. Where the test length is vertical, the
plane is also perpendicular to a horizontal line from the laser tracker origin to a line containing the test length.

Figure 3 — Positions for test lengths (positions 1 - 29)
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6.4.4.2 User-defined positions: alternative 1

In order to obtain 105 test lengths (consistent with other parts of ISO 10360), an additional 64 test
length positions are added to the 41 test length positions in 6.4.4.1. To assist the user in choosing these
measurement positions, two alternative sets of supplemental positions are described. Alternative 1 is
described in Table 5.
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Table 5 — Supplemental measurement positions - Alternative 1

Position
number

(Supplemental,
Alternative 1)

Distance
from
the laser
tracker
origin

Description of test length position

Azimuth
angle(s)

42-44

Position 7 at different angles - Vertical, centred (i.e. the
ends of the test length are equidistant from the laser track-

90, 180, 270
(relative to the angle

er), and the centre of the length is at laser tracker height.

used in.p

sition 7)

45148

Vertical, centre of the length at laser tracker height (ends of
the testlength equidistant from the laser tracker).

0, 90,480

270

49}-52

Right diagonal, centred (i.e. the ends of the test length are
equidistant from the laser tracker), and the centre of the
length is at laser tracker height.

0,90, 180

270

53156

Left diagonal, centred (i.e. the ends of the test lengthiare
equidistant from the laser tracker), and the centre-of the
length is at laser tracker height.

0,90, 180

270

57¢59

As close as prac-
tical

Position 24 at different angles - Vertical, feticentred (i.e.
the laser tracker is directly in front of éne‘end of the length)

90, 180, 470

(relative
used in p

o the angle
sition 24).

6063

As close as prac-
tical

Horizontal, not-centred (i.e. thedaser tracker is directly in
front of one end of the length); and at laser tracker height.
This is the mirror position<Cerresponding to positions
20-23 in Table 4 (If the laseytracker were previously
directly in front of end-B of the test length as in Figure 3 e),
then, the laser tracketmust now be positioned directly in
front of end A of the test length)

0,90, 180

270

64167

As close as prac-
tical

Diagonal, one énd below or above the point directly in front
of the laser tracker, the other end to the right or left of the
point dicectly in front of the laser tracker. The range to the
two ends of the length are equal. This is the complemen-
tary(gosition corresponding to positions 25-28 in Table 4
[€.g»if the laser tracker were previously directly in front of
and below target B with laser tracker and target A at the
same height, as in Figure 3 g), then the laser tracker should
now be directly in front of and above end A of the test
length with the laser tracker and end B of the test length at
the same height].

0,90, 180

270

6871

As closeas prac-
tical

Diagonal, one end below or above the point directly in front
of the laser tracker, the other end to the right or left of the
point directly in front of the laser tracker. The range to the
two ends of the length are equal. This is the mirror position
corresponding to positions 64-67 above. (If the test length
was in a right diagonal position for positions 64-67, then
the test length should be oriented in a “left diagonal” posi-
tion for positions 68-71.)

0,90, 180

270

72174

As close as prac-

Horizontal, centred directly above (as much as is possible)

90, 180, 470

ticat

thetasertrackeritsett:

{retative

used in position 29)

to the angle

75-78

6m

Body diagonal of a cube

0,90, 180, 270

79-82

As close as prac-
tical

Diagonal, centred (i.e. the ends of the test length are equi-
distant from the laser tracker), and the centre of the length
is at laser tracker height.

0,90, 180, 270

Repeatability
measurements:

© ISO 2016 - All rights reserved
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Table 5 (continued)

Position
number

(Supplemental,
Alternative 1)

Distance
from
the laser
tracker
origin

Description of test length position

Azimuth
angle(s)

83-86

Distance approx-
imately equal

to half the test
length

Horizontal, centred (i.e. the ends of the test length are equi-
distant from the laser tracker), and at laser tracker height.

Repeat the measurement four times.

This tests the repeatability of the horizontal angle meas-

at any azimuth

urement capability.
87-90 Distance approx- |Horizontal, centred (i.e. the ends of the test length are equi-
imately equal to |distant from the laser tracker), and at laser tracker height.
twice the test . '
length Repeat the measurement four times. at anyazimuth
This tests the repeatability of the horizontal angle meas-
urement capability.
91-94 Distance approx- |Vertical, centre of the length at laser tracker height (ends.of
imately equal the test length equidistant from the laser tracker).
to half the test . .
length Repeat the measurement four times. at any azimuth
This tests the repeatability of the vertical angleymeasure-
ment capability.
95-98 Distance approx- |Vertical, centre of the length at laser tracker height (ends of
imately equal to |the testlength equidistant from the laser tracker).
twice the test . .
length Repeat the measurement four times. at any azimuth
This tests the repeatability ofthe vertical angle measure-
ment capability.
99-102 3m In any radial direction, where the near end of the length is
3 m away from the laser tracker.
Repeat the measurement four times. at any azimuth
This tests theepeatability of the range measurement
capability:
103-105 6 m In any radial direction, where the near end of the length is
6 nraway from the laser tracker.
Repeat the measurement three times. at any azimuth
This tests the repeatability of the range measurement
capability.
6.4.4.3 User definedpositions: alternative 2
In order tp obtaintl105 test lengths (consistent with other parts of ISO 10360), an additional 64 test
length pogitions_are added to the 41 test length positions in6.4.4.1. To assist the user in choosing thgse
measurenjent\positions, two alternative sets of supplemental positions are described. Alternative 2 is
described|inFigure 4.

In this alternative, the laser tracker is centred in front of the longest side of the measuring volume at a
distance of 1,5 m in such a way that the measuring head is approximately equidistant from the upper
and lower edge of the measuring volume. The test length positions are determined by eight different
measurement lines. Figure 4 shows a possible arrangement of these eight measurement lines. Other
arrangements are also permitted.
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Figure 4 — Example showing the arrangement of the measurementlines for the test of the
length measurement error

The 64 test length positions in this alternative of the acceptance test are described relative to a
measuring volume of 10 m x 6 m x 3 m (length x width x height). If the laser tracker is primjarily used
to measure small parts, a measuring volume of 5 m x 3 m x 2/myis then recommended. Other measuring
volumes are, however, permitted. The setup shown in Figure4 consists of 33 individual distafces. All in
all{ 64 test lengths should be measured along the eight:measurement lines. Along every megsurement
ling at least three different test lengths must be measured. The measurements along each megsurement
ling shall be repeated at different orientations: in arder to cover the complete azimuth rangg, the laser
tracker shall be rotated by approximately 120° ahout its vertical axis before the repeated megsurement
of @ line. In addition, some test length measurements should be repeated along each measuring line.
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EXAMPLE

Consider three lengths on a measuring line, L1, L2, and L3. One process meeting the description in 6.4.4.3
would be to set the laser tracker a 0° azimuth and measure L1, L2, and L3. Then rotate the laser tracker
by 120° and measure L1 and Lp. Finally, rotate the laser tracker an additional 120° and measure L3.
Many combinations of measurements are possible, and the user is free to choose positions within the
constraints of this subclause.

The shortest test length should amount to at least 1/10 of the shortest side of the specified measuring
volume. In each measurement line, the largest test length has to be chosen in such a way that it is
not shorter than 2/3 of the length which is maximally possible in the measurement line within the
measuring volume.

Annex D ipdicates how targets on a wall can be used, along with carefully adjusting the laser-tracker
position, tp achieve the effect of the measuring volume above in Figure 4.

6.4.4.4 Jl'esting of laser trackers with both IFM and ADM modes specified

Alaser tragcker may have both IFM and ADM modes specified by the manufacturer. [tis common that fhe
major difference in the specifications for these two modes is in the MPEs of the'ranging lengths (lengths
36 to 40 from Table 4). In the case where the MPEs are the same for the two.modes, it is permissiblg to
test all of the lengths in ADM mode, with the exception of lengths 1, 2, and 36 to 40 in Table 4, whijich
shall be tested in both modes.

NOTE [f the MPEs given by the specifications for IFM measurements are smaller in absolute value than
those of th¢ ADM measurements, it is also permissible to test in ADM mode only, with the exception of those fest
lengths noted above (1,2, and 36-40).

6.4.5 Derivation of test results

For all 105 measurements, determine each length measurement error, Eyni:o.LT Or EBi.0:LT, by obtainjng
the differgnce between the indicated value and.the calibrated value of each test length (where the
calibrated value is taken as the conventional truevalue of the length). The indicated value of a particular
measurenjent of a calibrated test length maybe corrected by the laser tracker to account for systematic
errors, or[thermally induced errors (including thermal expansion) if the laser tracker has access¢ry
devices fof this purpose. Manual correction of the results obtained from the computer output to accopint
for temperature or other correctiohs)shall not be allowed when the environmental conditions satisfy
the conditjions of 5.1.

For each df the 105 length measurement errors (Eyni:0:LT Or EBi:0:LT vValues), calculate a correspondjng
MPE valug (Euni:0:LT,MPE,0L EBi:0:LT,MPE Value) based on the manufacturer’s MPE specification.

NOTE The manufaeturer’s MPE specification will, in general, be a formula.

7 Compliance with specification

7.1 Acceptance tests
The probing performance of the laser tracker is verified if

— the probing form error, Prorm.Sph.1x25::SMR.LT, iS not greater than the relevant maximum permissible
probing form error, Prorm.Sph.1x25:SMR.LT,MPE, as specified by the manufacturer and taking into
account the test value uncertainty, and

— the absolute value of the probing size error, Psize.Sph.1x25::SMR.LT, IS not greater than the relevant
maximum permissible probing size error, Psize Sph.1x25:SMR.LT,MPE, as specified by the manufacturer
and taking into account the test value uncertainty.
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Report the measured probing form error, and the measured probing size error (with its respective
sign). If any of the probing tests fails, repeat the measurement at that position three times, attempting
to replicate the 25 measurement points used in the failed test. All three of these repeated probing
tests must be successful. The largest (absolute value) error of the three is reported for that test (with
respective sign in the case of the probing size test.

The two-face (location error) performance of the laser tracker is verified if
— the location error, Lpia.2x1:P&R:LT, iS not greater than the relevant maximum permissible location

error, Lpia.2x1:P&R:LT.MPE, as specified by the manufacturer and taking into account the test value
uncertainty

Report the location errors obtained. If one of the two-face tests fails, repeat the measurement at that
position three times. The largest (absolute value) error of the three is reported for thattest.

The length measuring performance of the laser tracker is verified if

— | the length measurement errors (values of Eyni.o.LT Or EBi:0:LT), are withinthe maximum pgrmissible
error of length measurement, Eyni:0:LT,MPE OF EBi:0:LT,MPE, as specified.by the manufactufer, taking
into account the test value uncertainty.

Report the length measurement errors. No more than five of the,105 test lengths may be joutside of
specification. Any length measuring outside of specification must®e remeasured three timeq, and each
of these measurements must each be within the specification.

7.2 Reverification tests

A

wn

in 7.1, but specifications are made by the user (feHowing the manufacturer’s procedures).

8 | Applications

8.1 Acceptance test

In § contractual situation between a-manufacturer and a user such as that described in a
— | purchasing contract,

— | maintenance contraet,

— | repair contract;

— | renovation{contract, or

— | upgrading contract etc.,

the¢ aceeptance test specified in this part of ISO 10360 may be used as a test for verifying the pefformance
of the)laser tracker used for measuring linear dimensions in accordance with the specification for
the stated maximum permissible errors, Eyni:0:LT,MPE OF EBi:0:LT,MPE, PForm.Sph.1x25::SMR.LT,MPE PsSize.
Sph.1x25::SMR.LT,MPE, and Lpia.2x1:P&R:LT,MPE, as agreed upon by the manufacturer and the user.

The manufacturer is permitted to specify detailed limitations applicable for Eyni:o:LT,MPE OF EBi:0:LT,MPE,
Psize.Sph.1x25:SMR.LT,MPE and Lpia.2x1:P&R:LT,MPE. If no such specification is given, Euyni.0:LT,MPE OF

EBi:0:LT,MPE, PForm.Sph.1x25::SMR.LT'MPE, PSize.Sph.1x25::SMR.LT,MPE, and Lpia.2x1:P&R:LT,MPE apply for any
location and orientation of the test length in the measuring volume of the laser tracker.

A graphical presentation of the test results compared with the appropriate MPE values may be helpful.
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8.2 Reverification test

In an organization’s internal quality assurance system, the performance verification described
in this part of ISO 10360 can be used as a reverification test to verify the performance of the laser
tracker used for measuring linear dimensions in accordance with the specification for the maximum
permissible errors, Eyni:0:LT,MPE O EBi:0:LTMPE, PForm.Sph.1x25:SMR.LTsMPE, PSize.Sph.1x25::SMR.LT,MPE,

and Lpia.2x1:P&R:LT,MPE, as stated by the user. The user is permitted to state the values of, and

to

specify detailed limitation applicable to, Eyni:0:LT,MPE Or EBi:0:LT,MPE, PForm.Sph.1x25:SMR.LTMPE, PsSize.

Sph.1x25::SMR.LT,MPE, and LDia.ZXl:P&R:LT,MPE-

If the usepwishestoreducethe number of te enaths for reverificafion it is recommended
the 41 test lengths from Table 4 be used in addition to five test lengths representative of custom

NOTE 1

NOTE 2 [In acceptance testing, the acceptance zone is obtained from the manufacturer’s specifications
reverificatjon testing, the reverification limits may be derived from the user’s metrological needs.

A graphical presentation of the test results compared with the appropriate MPE values may be helpf

8.3 Interim check

In an orgahpization’s internal quality assurance system, a reduced performance verification may be u
periodica]ﬁy to provide confidence through sample measuretfitents that the laser tracker conforms wj
specified fequirements regarding the maximum permissible errors, Eyni:0:.L.TMPE Or EBi:0:LT,MPE, PFd
Sph.1x25:SMR.LT,MPE, PSize.Sph.1x25::SMR.LT,MPE, and Lpjs2x1:P&R:LT,MPE- The extent of the performa
verificatign as described in this part of ISO 10360 may be reduced by using fewer measurements ¢
positions,fas described in Annex F.

A graphical presentation of the test results. ecompared with the appropriate MPE values may be helpf

9 Indig¢ation in product docimentation and data sheets

The symbpls of Clause 4 are not well suited for use in product documentation, drawings, data shes
etc. Table b gives the corresponding indications which are also allowed.

Table 6 | Symbols and corresponding indications in product documentation, drawings, dat
sheets, etc.

hat

Ay
the

an

In

ed
ith
rm.
hce

nd

ul.

pts,

Symbol used in this document Corresponding indication
Euni:0:LT E[Uni:0:LT]

EpigLr E[Bi:0:LT]
PForm.Sph.1x25::SMR.LT P[Form.Sph.1x25::SMR.LT]
PForm.Sph.1x25::SRC.LT P[Form.Sph.1x25::SRC.LT]
PForm.Sph.1x25::0DR.LT P[Form.Sph.1x25::0DR.LT]
PSize.Sph.1x25::SMR.LT P[Size.Sph.1x25::SMR.LT]

Psize.Sph.1x25::SRC.LT P[Size.Sph.1x25::SRC.LT]
Psize.Sph.1x25::0DR.LT P[Size.Sph.1x25::0DR.LT]
Lpia.2x1:P&R:LT L[Dia.2x1:P&R.LT]
PDia.15x1::SRC.LT P[Dia.15x1: :SRC.LT]
PForm.Sph.1x25::SRC.LT P[Form.Sph.1x25::SRC.LT]
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Table 6 (continued)

Symbol used in this document

Corresponding indication

Psize.Sph.1x25::SRC.LT

P[Size.Sph.1x25: SRC.LT]

PForm.Sph.1 x 25:0DR.LT

P[Form.Sph.1 x 25::0DR.LT]

PForm.Sph.D95%::0DR.LT

P[Form.Sph.D95 %::0DR.LT]

Psize.Sph.1x25::0DR.LT

P[Size.Sph.1 x 25::0DR.LT]

Psize.Sph.All::ODR.LT

P[Size.Sph.All::ODR.LT]

EForm.P1a.D95%::0DR.LT

E[Form.Pla.D95 %::0DR.LT]

PForm.Sph.nx25::MPS.LT

P[Form.Sph.nx25::MPS.LT]

Psize.Sph.nx25::MPS.LT

P[Size.Sph.nx25:MPS.LT]

Lpia.nx25::MPS.LT

L[Dia.n x 25::MPS.LT]

EUni:0:LT,MPE

EBi.0:LT,MPE

MPE(E[Uni:0:LT])
MPE(E[Bi:0:LT])

PForm.Sph.1x25:SMR.LT,MPE

MPE(P[Form.Sph.1x255SMR.LT])

PForm.Sph.1x25::SRC.LT,MPE

MPE(P[Form.Sph.1x25::SRC.LT])

PForm.Sph.1x25::0DR.LT,MPE

MPE(P[Form.Sphslx25::0DR.LT])

PSize.Sph.1x25::SMR.LT,MPE

MPE(P[Size.Sph.1x25:SMR.LT])

Psize.Sph.1x25::SRC.LT,MPE

MPE(P[Siz¢:Sph.1x25::SRC.LT])

Psize.Sph.1x25::0DR.LT,MPE

MPE(P[Size.Sph.1x25::0DR.LT])

LDia.2x1:P&R:LT,MPE

MPE(L[Dia.2x1:P&R:LT])

PDia.15x1::SRC.LT,MPE

MPE(P[Dia.15x1:SRC.LT])

PForm.Sph.1x25::SRC.LT,MPE

MPE(P[Form.Sph.1x25::SRC.LT])

Psize.Sph.1x25::SRC.LT,MPE

MPE(P[Size.Sph.1x25::SRC.LT])

PForm.Sph.1x25::0DR.LT,MPE

MPE(P[Form.Sph.1 x 25::0DR.LT])

PForm.Sph.D95%::0DR.EEMPE

MPE(P[Form.Sph.D95 %::0DR.LT])

Psize.Sph.1x25:0DR:LT,MPE

MPE(P[Size.Sph.1 x 25::0DR.LT])

Psize.Sph.All::0DR.LT,MPE

MPE(P[Size.Sph.All::0DR.LT])

EForm.P1a-D95%::0DR.LT,MPE

MPE(E[Form.Pla.D95 %::0DR.LT])

PForm.Sph.nx25::MPS.LT,MPE

MPE(P[Form.Sph.nx25::MPS.LT])

PSize.Sph.nx25::MPS.LT,MPE

MPE(P[Size.Sph.nx25::MPS.LT])

Lpia.nx25::MPS.LT,MPE

MPE(L[Dia.n x 25:MPS.LT])
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Annex A
(informative)

Forms

Form 1: General Specifications and Rated Conditions

RATED OPERATING CONDITIONS .
Measuremeht Envelope A(\'\
Distance (Rfinge) Min. m Max m (-\".l/
Horizontal ingle (Azimuth) Min. deg Max. qu,'\V
Vertical Angle (Elevation/Zenith) Min. deg Max. T@%
\°
or R Q
Length x willth x height (Prismatic Volume) m by m by A >
\J
a. Temperature Range rs\\ N
. . N4
Operating Min °C AQ Max. °C
Thermal gradient limits Min °C/m O\) Max. °C/m
b. Hymidity Range N N
Operating Min.____ g/g‘ﬁa’ Max. %RH
C. Bdrometric Pressure Range ,{(\U
Operating Min. _Pa Max. Pa
d. Ambient Light: The manufacturer shall identify 4\‘0
copditions, if any, under which ambient light de- O
grpdes specimens. N
e. Elgctrical \\<')‘V Voltage \Y Current A
C) Frequency Hz Surge/sag \Y
N\ Transient max. Transient duration s
f. Allowable orientations (vertical,ﬁ@xo‘ntal, etc.)
g. Prpbe type: The probe diam e}ja*ld reflector type |Diameter mm Reflector type
(efe. in air SMR vs solid pri MR, or cat’s eye)
uspd during performan sting shall be specified.
h. Cdajibrated test Ieng@\\o
CTE & Min.___ 10-6/°C Max. __ 10-6/°C
CTE unce@Xty Max.___ 10-6/°C
i. Sa mpling@te‘gy: The manufacturer shall state Acq. time s Frequency points/s
the meastirement acquisition time (averaging time)
and@ynpling frequency (points per second) to
meet oycbiﬂ\,at;uu.
j Warm up time __ minutes
LIMITING CONDITIONS (exceeding these conditions may damage the instrument)
k. Temperature Range Min. °C Max. °C
L. Humidity Range Min. %RH Max. %RH
m. Barometric Pressure Range Min. Pa Max. Pa
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units pm)

Form 2: Manufacturer’s Performance Specifications and Test Results (all

As different MPEs are permitted for different tests, this table may be extended
to accommodate the complete specification.

Length errors

EUni:0:LT,MPE OT EBi:0:LT MPE

. or-Ea
OUTIT.OTCT DTOTET

Test Value Uncertainty

Pass/Fail

Thermal comp. errors

EUni:0:LT,MPE

Etherm

Test Value Uncertainty

Pass/Fail

Probing size and form errors

PSiZe.Sph.lXZS::SMR.LT,MPE

Psize.Sph.1x25:SMR LT

Test Value Uncertainty

Pass/Fail

PForm.Sphd x25:SMR.LT,MPE

PForm $ph.1x25::SMR.LT

Test Value Uncertainty

Pass/Fail

Location errors

Lpia.2x1:P&R:LT,MPE

LDia.2x1:P&R:LT

Test Value Uncertainty

Pass/Fail

Test performed by

Date

Serial number

Final test results (Pass/Fail)

O | Checkhere if test lengths are bi-directional (EBi.0.LT)

O | Check here if test lengths are uni-directional (Eyni:0:LT)

O Check here if the specification corresponds to the laser tracker mounted

in other than vertical orientation of the standing axis

© ISO 2016 - All rights reserved
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6.4 requires that the MPEs for test lengths 1-41 be explicitly stated in a table. An example of such a table
is shown below.

For lengths required by this part of ISO 10360 to be in the range 2,25 m to 2,75 m, give the MPE for 2,75 m.
For lengths required by this part of ISO 10360 to be in the range 7 m to 9 m, give the MPE for 9 m.

Formula for MPEs 1-35 & 41 Any format

Formula for Ranging MPEs (positions 36-40) A+ (B/K)L format
Additiondl MPE formulas (if any) Any format
Additiondl MPE formulas (if any) Any format

Test lengih MPE Test length MPE
position position

1 22

2 23

: 41

21

O Che¢k here if test lengths are bi-directional (EBj.0.LT)
O Che¢k here if test lengths are uni-directional (Eyni:0:LT)

O  Chegk here if the specification corresponds to the laser tracker mount-
ed ip other than vertical orientation of the standing axis

Length 41|is the workpiece thermal cempensation test. It is performed over a length of 15 m, and shopld
meet the MPE generated by the forrhula for lengths 1 to 35.
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Annex B
(normative)

Calibrated test lengths

B.t—Gemnerat

The measurand of interest (in the error of length measurement test) is a point-tg:poinf distance
in ppace. The realization of this measurand is accomplished using calibrated testlengths, where the
digtance between two physical points is traceable to the SI unit of length. The distinction befween uni-
angl bi-directional lengths is discussed in B.6. Table B.1 provides graphical gujdance for real{zations of
un}- and bidirectional test lengths.

B.2 Calibrated test lengths
Gatpige blocks, step gauges, and ball bars

These may be the same as in ISO 10360-2. Ball bars and step-gauges may either be uni- or bi-directional
in nature. Gauge blocks are always measured in a bi-diregtional manner.

B.B Scale bars

Centre-to-centre distance of spheres in the nestsis calibrated

These are uni-directional test lengths. Careshould be used when the nests result in the sphere centres
being off of the neutral axis of the test length.

B.4 Rigid nests
Centre-to-centre distance determined from traceable measurement.

These are uni-directional measurements taken on nests mounted on permanent or semi-germanent
mdnuments or structural members (e.g. walls, pillars) of a building in which testing occurs.

The calibrationofwest to nest distances is often done with an independently calibrated interferometer.
It ip permittedto use a tracking interferometer for this purpose.

B.p Rdil or carriage system

Location of different instances of a sphere, nest, or gauge DIOCK. Iraceable to the reference
measurement system.

These measurements can either be uni- or bi-directional, depending on the probing strategy and the
geometry of the moving object.

B.6 Uni- and bi-directional lengths

Tests for the error of length measurement for many coordinate measuring systems use bi-directional
lengths for the determination of errors. As the realization of long bi-directional lengths can be both
difficult and expensive, it is common to establish point-to-point distances as uni-directional lengths
between nests.
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If the manufacturer wishes to specify uni-directional tests, the notation Eynj.o.LT shall be used.

An estimate of bi-directional length errors (e.g. when using the SMR sensor) may be calculated with
Formula (B.1)

Egi.o.LT approximately Euni:o:LT + PSize.Sph.1x25:SMR.LT (B.1)

but this formula will give an over-estimate of the error. For this reason, the following inequalities can be
used establishing conformance or non-conformance to bi-directional length measuring specifications.

— If EUn UL[ T PblzebpnlxzbeRLl - EH]:U:L[,MPbJ t}lCll tllC D})CLifiLatiUll ib 1uct.
— If Eyn.0.LT > EBi:0:LT,MPE, then the specification is not met.

If the usel] is not satisfied with using these inequalities, a bi-directional test length should‘be’obtaifged
for testing.

Table B.1 — Realization of Bi- and Uni-directional test lengths

Bi-directional lengths Uni-diréctional lengths

Gauge
Block O O

Step o] []

Gauge

Ball Bar

Scale Bar

Rail or
carriage
systems

Rigid
Nests
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Annex C
(normative)

Thermal compensation of workpieces

:2016(E)

Because of the large size of many workpieces measured with laser trackers, the correct operation of the

woll RPIECG temperature measurement and compensation system 1s Criticat to accurate measy
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compensated. The measurement result is the calibrated length, L, of the,test length. The le
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thd
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lenjgth thus seems to be made of steel. To compensate the thermal expansion of the test |

ten
as

tracker being tested in not-equipped with a workpiece temperature sensor, no manual comnj

of

tracker is repeatedthree times with the result L.

Th
ex(

Where the manufacturer does not provide software with the laser tracker, he shall s

Ey

this purpose, a “synthetic test length is measured which is nominally 15 m long. With'a
erence interferometer, which is traceable and which may also be the calibrated~intern
Q second laser tracker, a test length between two target nests is establishéd:“Air ten
pressure, and air humidity are measured by the weather station of the reference inter
l, thus, the refractive index of the air is determined and the refractiverindex of the t

v used to calculate a “synthetic” test length, Ls, equivalent to the length of a gauge bloc
rmal expansion coefficient of exactly as = 11,5 x 10-6/ °C. The effect of this calculation
t length is being changed in such a way that it corresponds toka‘length with a thermal
fficient of 11,5 x 10-6/ °C.

Ls=L[1 -as (T-20°C)] = L[1 - (11,5 x 10-6) (T - 20 °C)]

e test length temperature T required for the calculation is measured with a calibrated the
a piece of steel (a specimen) and not with the aid of any temperature measuring system

st be performed when the temperature T isinore than 1 °C away from 20 °C, i.e. | T - 20
er that, the “synthetic” test length between the two target nests is measured with the lag
be tested. For this purpose, it is recommended to install the laser tracker at a short dig
ectly aligned to the test length (i.ecthe measurement is performed radially). A thermal
fficient, as = 11,5 x 10-6/ °C niust be entered for the test length. For the laser tracke

hperature of a specimen which has reached thermal equilibrium with its environment, is
hbove, but this time with-the laser tracker’s sensor, to obtain the test length temperature.

he measured length,-, is permitted. The measurement of the “synthetic” test length witl

b error Ethern’="(L - Ls) is calculated for each of the three measurements. None of these e
eed Eyni:e:fMpE for the 15 m test length.

hi:o'LT, MPE for those third-party software systems with which his instrument will be

rement.

calibrated
ferometer
\perature,
ferometer
pst length
ngth, L, is
kK with the
s that the
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Annex D
(informative)

Achieving the alternative measuring volume

For testing of the length measurement error using the test lengths described in 6.4.4.3, it is possible
to arrang¢ all Measuring Hnes I (approximately) a Single plane and obtain the Tetationships between
the test lgngths and the laser tracker shown in Figure 4 by varying the position of the laser tracker.
Figure D.1 shows, for the recommended measuring volume of 10 m x 6 m x 3 m, a possible )planar
arrangement of the measuring lines with varying positions of the laser tracker, equivalert to the
measurenjent of test lengths from a single position of the laser tracker as shown in Figure'4. The letters
shown on|the laser tracker stand correspond to the measuring lines on the wall, as named by circded
letters, to| be measured from the present position. Underlined letters indicate mandatory positipns
of the laspr tracker. In order to cover the complete azimuth range, the laser tracker is rotated|by
approximately 120° about its vertical axis in each position before the repeated measurements of the
lines indidated by the letters on the stand.

A measuring and test arrangement as shown in Figure D.1 can be realized-with the aid of stable trippds
or by meafs of a stable wall. It is, for example, possible to mount magnetic nests for spherically mounted
retrorefleftors on one wall. The distances between the nests then fepresent the test lengths. If the
distances [have been calibrated before the laser tracker is tested, the distances have to be stable oply
for the dufation of the test. It is recommended to calibrate the Tespective test lengths only immediately
before a measuring line is measured and to determine thef again for control immediately after the
lengths hdve been measured with the laser tracker to be tested.

NOTE The laser tracker is standing on changing positions.

Figure D.1 — Example of a plane arrangement of the measuring lines for testing of the length
measurement error

For the acceptance test, a measuring volume of 10 m x 6 m x 3 m (length x width x height) is
recommended (see 6.4.4.3) in which 32 test lengths must be measured along eight measuring lines from
a position outside the measuring volume, supplemented by three additional test lengths which must be
measured “from the centre”. For the recommended arrangement of the measuring line (see Figure D.1),
the following measures are obtained for the shortest and the longest length to be tested (see Table D.1).
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Table D.1 — Shortest and longest test lengths along the measuring lines in Figure D.1

Measuring line Shortest test length Longest test length Recommended

Lmin Lmax longest test length
(m) (m) (m)

A Lmin2 0,3 2,0 < Lmax<3,0 3,0

B Lmin 20,3 81<Lmax=<12,4 12,0

C Lmin 20,3 8,1<Lmax=<12,4 12,0

D Lmin 20,3 6,6 < Lmax < 10,0 9,0

E Lmin 20,3 4,0 < Lmax<6,0 6,0
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Annex E
(informative)

Specification of MPEs

E.1 Gengerat

The errorp that are present in using laser trackers to measure point to point distances do not reqult
in a simplg linear relationship between the length measured and the error in determining-that length.
For this rdason, it is permitted for the manufacturer to specify laser tracker performance™using a mpre
complex foprmula. The subsystem contributors and a resulting generic formula are givefiin this Anngx.

E.2 Suljsystem contributions

The notatjon for the manufacturer supplied performance specifications (of the sub-systems) for a lager
tracker is given in Table E.1.

In Table H.1, the quantity, R, refers to the distance between the laser tracker and the point in space
where a point coordinate is measured. The laser tracker manufacturer specifies the rated conditipns
(see Annex A) within which the MPE specifications hold. Aecordingly, sub-system specifications,| as
shown in Table E.1, include the effects of measurement errors resulting from environmental conditigns
that are allowed by the rated conditions.

In some dases, the manufacturer may state additional sub-system specifications that could inclyde
environmental conditions as parameters in their<MPE specification formula. The ejpm and egpm
specificat]ons refer to the basic capability of the ranging system, while erg and et relate to the geomefry
of the laser tracker assembly and the quality ofithe rotary encoders.

Table E.1 — Quantities. related to the laser tracker performance

Laser|tracker subsystem Symbol Form of error contribution Formulp
No.
Interferoneter (IFM) eIrM eirM = AifM + Bipm - R 1)
Absolute distance meter (ADM,) eADM eapM =AapM + Bapm * R (2)
RO paramgter (R0)a €ro ero = Bro (3)
Transversgb er er=Ar+Br-R (4)

a2 The RO[error isstheerror in determining the distance from the laser tracker’s geometric origin. This error is seen mpst
clearly when comparing the measurement shown in Figure E.2 with a measurement obtained by placing the laser tracker
directly befweenpoint 1 and point 2 in Figure E.2.

b Tranb\lvl ST CITUI lUfClb [4e) L}lﬁ CITUI lcau‘uiug fl UIIT illLUl lULLly L‘IULUI lllillillg L}lC dllguldl LUIllpUllUIlLb ill LIELCI Illill ng
the location of a measured point.
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E.3 Development of generic formula

The geometrical arrangement of a laser tracker that measures the coordinates of points 1 and 2 for
many of the positions described in Clause 6, Table 4 is shown in Figure E.1. See Figure E.2 for the case
where the laser tracker is located on a line defined by the measured test length. From these coordinates,
the test length, L, is determined.

The maximum permissible error (MPE) for this length measurement is specified by the manufacturer
for performance verification tests. One method of expressing the MPE of measured test length, L, is

using Formula (E.1). In this formula, the quantities that contain the subscripts 1 or 2 refer to the MPE
Sp\ cificationc vabha Aol d o dbn o Af b 1 o d D) (oo fivzalin) for At o T /[ or ADM

cHIcat o s—wieh—evardatea—at—+tne Parit OT pUOTITeS T alta Z (TSP TTrveTy 10T eener—tie—1r

spécifications in Table E.1, depending on whether the IFM or ADM is used.

Point 2

\
Point 1

Figure E.1.- Laser tracker geometry

N[ =

2

2. 2¢..2 2 (. . 2 2 2 2 2
E eisin“a, se,sin“a, +ep, (smoz1 + sma2> +er cos”a, +ep,costa, (E.1)

Uni:0:LT,MPE

The angles a1 and oy areypositive in the directions shown in Figure E.1 and negative in the opposite
dirfections. The quantities e, e, ero, eT1, and ety are calculated using Formula (1) to Formwula (4) in
Talple E.1, where tHe-quantity R in the A + BR formula refers to the distance R or R;. The spbscript 1
re%

€A

rs to path L-and the subscript 2 refers to path 2. So, for example, eT1 = AT+R1 - Bt and e{ is ejpm or
M for pathsl.

Formula (E+l) shows the MPE having no environmental (e.g. temperature related) dependence. If the
MHE’s<are specified in this way, then the MPE values apply to any environment satisfying| the rated
operating conditions (e.g. Clause 5 and Annex A) while employing reasonable, good practices for
measurement (e.g. o.2). The MPE formula could be expressed 1n a more complicated manner, showing
specific temperature related dependence, but for testing, this would require the ability to measure the
varying temperature along the beam path at the time of each measurement.

E.4 Note on range testing

A special case is when the laser tracker is aligned with the test length. That is, the case of a measurement
in which the laser tracker is aligned with points 1 and 2 as shown in Figure E.2.
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« R, )
Fﬁ R —
S ©
Point 1 Point 2
Laser }4 L %

tracker

Figure E.2 — Laser tracker buck-in geometry

Point 1 esfablishes one end of the test length for the laser tracker measurement and point 2 the.other
end of the test length. Under these conditions, the two coordinate measurements are correlated,
permitting Formula (E.2) to be rewritten (showing the ADM case) as
- L (H.2)

Eyni:ofrmpe = (AADM +Bapm- Rz) - (AADM +Bapu- R1) = Bpm

Here, the fluantities A and B refer to either the ADM or IFM specifications in Fable E.1. The length 1 is
equal to the distance between the end points of the test length; in other words,~ = Rz - R1.

E.5 Note on two-face measurement

Another special case is that of the two-face measurement. In this‘'measurement, the coordinates g¢f a
point are first measured in the usual mode, referred to as front:sight mode, and then in the backsight
mode. To put the laser tracker in backsight mode, the azimuth axis is rotated by 180° and then flipped
about the plevation axis to point the laser beam back at the.target. The transverse distance between the
frontsightjand backsight coordinates is the location erragr. The two-face test is a challenging test of the
laser tracker performance because most of the laserfracker transverse errors are doubled. The two-
face MPE (denoted Lpia.2x1:p&R:LT,MPE) is equal to twice the value of er1.
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