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INTRODUCTION

515

Laser measurement system LP30-3D is a two frequency interferometer for
inspection of machine tools and calibration of coordinate measuring machines
CMM. Its small size and low weight simplify transportation and make the
instrument especially useful for service applications. Software version for Windows
9x/NT/2000/XP and automation of measurement process make the interferometer
easy to use. Software and reports are compliant to ISO/DIS 230 and PN-93
M55580 standards. Following standards are included: ISO 230-2 (European),
VDI/DGQ 3441 (German), NMTBA (USA), BSI BS 4656 Part 16 (British) and
PN-93 M55580 (Polish).

Extremely high technical parameters of the interferometer allow using it as an
absolute length reference in scientific and calibration laboratories, for precision

positioning systems, for upgrade of length measurement systems, etc.

LP30 - 3D =40 & RGO AL, F 2 H T HLAR R I AT = A4
PR EAC IR HE . RSN, R, s, NHRITE. AR A
7% Windows 9x/NT/2k/XP, &S FEH B S AT AT . AR
EFF4 ISO /DIS 230 A1 PN - 93 M55580 Atk . 75745 I H AR AER (015 -
1S0230-2 (KD , VDI/DGQ 3441 (f#[E) , NMTBA (Z£[H) , BSI BS
4656 11 16 #4;  (JEE)D A PN -93 M55580 (=)
APOCTWAEEARSE M, U EE N K S, M TR R

Sefss, REEERIRLL, KR RS T .
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Safety considerations

giec e

The Laser Interferometer LP30-3D is a Safety Class I product designed and
tested in accordance with international safety standards. It is also a Class II Laser
product conforming to international laser safety regulations. The instrument and the
manual should be inspected and reviewed for safety markings and instructions
before operation.

LP30 - 3D HWOL TGS T e, Bl AAAHART & [ b 22 4 pr
o ERINAEZ I RBEOC M, RO RN 2306 & TN AE

B2 RTHEAT S A bR R B i

Warnings

)@q{
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Although the laser measurement system LP30-3D was design to be used in harsh
environments, the following conditions must be met:
¢ The laser head must not be put near strong magnetic fields.
¢ The head should not be unscrewed from its base and if it is, it may not
be put on a heat sink (e.g. thick metal plate).
¢ The head must not be thrown or dropped.
e Keep the optical components clean and avoid scratching them.
® When the optics is dusted, clean it with pure alcohol.
¢ Do not use the system outside its work conditions.
FAR LP30 BOGIE R G bovt vl FIAERS I BT, R A1 5 i A2 -
© WOk E A REFEL SR o
© WOUKANZMNILE L7 R, WER)T—47 MK, B4 A BEIIAERL
Wy b dnReEio .
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PRINCIPLES OF OPERATION

HAE I

Basics of laser displacement measurements

Displacement measurements with the use of a laser interferometer allow
obtaining the accuracy of a displacement of 0.4 ppm in air and 20 nm in vacuum.
The interferometer was first built by A. A. Michelson in 1881. The simplified
schematic of the interferometer is shown on fig. 2.1.

Coherent light beam falls on a semi-transparent mirror. This mirror splits the
light into two beams. The first beam goes to the reference arm and reflects from
the reflector Z;; the second goes to the measurement arm and reflects form the
reflector Z,. The reflected beams meet again on the detector. Because these
beams come from the same, coherent, source, they will interfere. When the
moving reflector is being displaced, the frequency of the reflected beam in the
measurement arm changes. The detector counts the frequency difference
between reflected beams - fp (see fig. 2.1). The measured value of the

displacement is calculated according to

WOCHLAZ M B FE A R B

BT WA BN R, ATESSH 3R 0.4ppm MR REIE, nHEHAS
HRAT 20nm [ FE RS . T AU e 22 v E 1881 AR % T
it R B i (2.1) Fios.

FIFYCRFTAE B BT XV I N e . 25— 64T
ESWE L, WEs Z1 S, S aRITENER L, Wi 22 &
UFo RHEHRSAERIN S FRE . Aok BRI R, —EK
JeUR, AATES T SR AN RS p L e, W LRSS R AR
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WA RIS REVH SRR 7. (LB 2.1) (7T EA(E Y
TR -

A A
L=f,*==Nx= 1
fo# =N (1)
Where (H:H) : N —number of pulses (k%)
A - light wavelength (GG KD
Reference
reflector
=TT
l |
l |
A2
|
f, fs Moving
7 reflector
: N
@ o ~ — P 1z
oheren ~ |
light f.Ff, 4.
source ] [

Detector fp - frequency resulting from
the Doppler effect
FIG.2.1. THE MICHELSON INTERFEROMETER. (ZE35i-76/¢)
Reference reflector : =[x i 2%

Coherent light source: 1+ GIH
Moving reflector: 2] 5 i 2%
Detector: TR #%

Doppler effect: 2 #)50W
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The construction of real interferometers

The main disadvantage of Michelson interferometer results from the fact that the
detector cannot determine, whether fp is negative or positive thus, from the
measurements the displacement of the moving reflector without the sign is
obtained. Currently there are widely used two methods that allow getting also
the direction of the movement. Depending on the number of light frequencies
(wavelengths) used in the interferometer; the first is called homodyne (one
frequency) and the second heterodyne (two frequencies) method.

In the homodyne method, shown on figure 2.2, as a coherent source of light a
linearly polarized laser is used. If it is two-mode laser (i.e. it generates two
wavelengths) than one mode must be cut off with the use of a properly set
polarizer. The polarising splitter splits the light beam from the laser into two
beams polarized vertically (90°) and horizontally (0°). The former is directed to
the measurement arm and the latter to the reference one. The frequency of the
beam in the measurement arm changes with the movement of the moving
reflector. The polarization of the reflected beams is changed to circular with the
use of a A/4 waveplate. After 0° and 45° polarisers, two signals shifted in phase
are obtained. The phase shift is +90° when the measurement arm moves towards

the laser and -90° when it moves from the laser.

HOE T SL

22 SO TP A E BRSOk B AN ERSE, BRI RS TR E fp o2 IR Id 2
GOy, R KRR &b, ) RLAG 2 3T TR bs i (A 3l S s 1R AL
¥o HHET, A1 2R PR Rt A R8s 7 1 . M-
FIFDERE (KD BIAE, 2B Rk F 2= (- HeR) VL, 3
FRERR N Ab 22 (AR ) K,
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Sz, WK 2.2 Pon, fENATORE, St mIcEOL A . e
XUBLHOG CRPAR GRS, D) W — > IE A B B e s A . )
A R TG A 2 B A T H IO O6 R, ) (90°) Mk (0 °) o i
LRI R, SR RIS . R 1R AU R B RS 50 S 2 1
BN AR S AR IR N RE, fEFMA B2 fa. 2eak 0 °F1 45 ©
Rt ds, PGS AR # . SIS mEosR shnt, AR ) &
+90°, MBOGCIIEE AN, AR 3Z-90°,

1

Reference
reflector
o
Two perpendicular | :
linear polarizations : !
f2 .
f1v N\ Moving
reflector
Two-mode :l Ef1 .fz i l :
laser - :
- |
Polarizing f¥fo
splitter
\:
f1 ¢ fD X > fD
w4 fy - frequency resulting from
the Doppler effect
fo=21, %
Polari o _ o B vertical polarization
olarizer 0 EI:I EI:I Polarizer 45 = horizontal polarization
sin Y cos v Photodetectors = polarization +45°
B> polarization -45°

| Pulse counter |
FIG.2.2. THE BLOCK DIAGRAM OF AN INTERFEROMETER WORKING ACCORDING

TO THE HOMODYNE METHOD. (ZEZ:306 TSI

Perpendicular linear polarizations: Tt F 2§ " fi i<
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Polarizer: f)t#%

In the heterodyne method, shown on figure 2.3, two different laser frequencies
are used. Therefore a two-frequency laser is needed (Zeeman laser). A two-
mode laser is not suitable for the heterodyne method interferometer, because the
difference between f; and f, is usually too high for an electronic counter. The
output beam of a Zeeman laser consists of two circularly polarized beams, one
polarized leftward and the second rightward. A A/4 waveplate changes circular
polarization to linear. The main difference between the two methods described
here, is that in the heterodyne one the beam frequency in reference arm differs
from the beam frequency in the measuring arm. The detection path is also
different — the measurement is performed by subtracting frequencies of

reference and measuring arms.

fEab 2k, e 2.3, fHWAARPEONER . Bk, 5528000

WO o RBEHOCAE SN LTI, A F1L R F2 Z (A1) 2
PRAEAE N T o IR I m . — AN 2 OGS I g 6 R B A 3 B
M, HFH—AWA, BN —A va PR IR A Z k. X
FPOTVEZ AN B2, fEah 2k, SRR B Ao 5 & 1)
PRARAEANA] o AZAR A0 A [F] - 0 e s 9% 2 2 U 0 0 2 1 A e A7
i

2-5



PRINCIPLES OF OPERATION

[
| Reference

|
Two perpendicular : : reflector
linear polarizations : l
Nonpolarizing fzv [\f2 Moving
splitter reflector
N4 ¢ Re-
‘I O f, 1, fi 1, 1 |
Zeeman laser | | ! 1 P P > :
/ ‘ |
j
f¥fy, T~
Polarizing 1™ 1o
splitter
Two circular f, f,
polarizations f, f, + fp X fp
C31 LG Polarizers fy - frequency resulting from
the Doppler effect
fz‘ﬁw Hfz'(ﬁifD) fD=2f1!
c
B vertical polarization
Y Photodetectors == horizontal polarization
Reference path | Counter || Counter | Measurement
| | path
Substractor

FIG.2.3. THE BLOCK DIAGRAM OF AN INTERFEROMETER, WORKING ACCORDING
TO THE HETERODYNE METHOD. (AT EEIED

Subtractor:  JILAS

Photodetector: Y FEER M 2%

The heterodyne method gives correct results only when f, does not exceed the
difference between the laser frequencies, i.e.: f; — f;. In reality, that difference,
resulting from the Zeeman effect, is about IMHz. This fact limits the
maximum available velocity of the measuring arm, in one direction, to 0.3
m/s. The next disadvantage of the heterodyne method is, that two frequencies
must be used for measurements, while in the homodyne method the second may

be used for measuring e.g. a second axis.
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ShrEikas HIEIETIR, R i ANEBOIR K 20N, Bl: F2- F1
25 (EBLs, PR R BN, 4 IMHz, X — R T
WU g KT RS, AE— A7, B 0.3 K/BP AMEEEI ANk
MOT, XA I, e ek, S AR A H
CEbtn) 28 ANl

The influence of the outside conditions on the measurement

accuracy

AN SR AL X I B K B 1R 52 W

According to equation (1) an interferometer’s unit of measure in length

measurement is laser’s wavelength. From definition

1=2 2
7 (2)

a wavelength depends on laser’s frequency f and the speed of light v in the
measuring path. If the measurement is done in vacuum, then v = ¢ = 3*10° m/s.

The speed of light in a medium other than vacuum (e.g. air, water) is lower and

is described as 25 5 FE (1) , TR EEN & BAL S OGP K. A
ITZX/1=%, WA A A E I HOEAR £ RIGIE v, an &R AR
SHATH, T4 v=c= 34108 mis LRI PHE 28, 2
lty‘i‘:

3)

S |o

Where: n — a refraction coefficient. (#7145 R2%E0
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Normally the refraction coefficient n is a complex variable or even a tensor, but
for less accurate calculations it is simplified to a constant. The air coefficient
depends mostly on the pressure P, temperature T and humidity H. The
dependence nrpy, for the air was empirically determined by Edien and is
described as

W, PR n &2 ADERNAAREHEKE, HAEAKHRTE D
ORI — N AR SR ) P, RS T AR H. 43S
M 321 ngp & Edien FELLI0HE 1, #edhiik

1+107° * P*(0,613—0,00997 *T)
+An

Ny oy —1=28775%107 %P
- 1+0,003661% T

“)

An =-3,033%107" * H * "7 S)

From the above equations one may obtain the refraction coefficient dependences

on T, P and H in usual conditions (T=293K, P=1000hPa, H=50%):
MR TTRE, AATTATCASRET S 7, P Al B Bl GO0 F I RE (2
M) (T= 293K, P = 1000hPa, H= 50%) :

on _ -0,93%107° F}
oT K

on =+40,27*107° b
oP hPa

9 96%10° [i}
oH o

It is worth to notice that the most critical parameter is the temperature, because
its change influences the coefficient n more than changes in the pressure and

much more than changes in the humidity.

EAEER S, HRENSHERE, KOS R n, i
I FIHARA, S I AR R n BRI
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The accuracy of laser interferometers

WO T ARG B2
Errors caused by the environment
IS B s PR 1R 2
The most impotent source of errors in machine geometry measurements is the
temperature (or more exactly, the change of the temperature) of the measured
machine. For example, if the machine’s base is made of steel, then the base’s
length increases 11.7um when its temperature changes 1K. It shows how
important it is for very precise measurements to measure the temperature of the
controlled part of the machine and to use it in readout corrections. This is not a
simple task for a few reasons, but the most important one is that, than when the
machine operates, there are temperature gradients on it. That means that more
than one temperature sensor is needed and that the more sensors are used the
better accuracy can be achieved. Moreover the shape of the measured part of
the machine may “absorb” a part of the expansion of the material or the part
may be built of materials of different expandability.
As was mentioned in the previous chapter, the temperature influences the
accuracy also as it changes the refraction coefficient of the medium the
measurements are made in (usually it is air, but may be e.g. water). An Edien
equation was presented, showing how the refraction coefficient of the air
changes with the change of the air temperature, pressure and humidity. The
errors caused by the change of the wavelength are less important than the
mentioned above, but they cannot be abandoned. Roughly, a 1ppm error (i.e.
Ium/m) is caused by: the air temperature change of o 1K, the air pressure
change of 4hPa and the air humidity change of 30%.
CENLAS I LA S B rh - S I RE A 70 110k 22 SR B I B AL 4% 1) it J
CEEERRDI U, MR FERARAL) BN, Blan, QRS A RS pe 2
Ry, A IR AR Tk B, BE e A EERG I 11.7pm. IX3H,
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AL P9 T 23 (0 Ul T AR RE A I i A 2 A T, e T
HIEP . AR AR RIES, AILNRE, (AEREERLZ, 4hldis
YRR, WREEBRRERAEAEN . XS, TE—ALL RIS, L%
w2, AR T DASEI . Sk, X RIS AN T A TR AR AT R 2
“WRC PR TR 0 — 533X A R BE AN A 1T R A R A 1
IEANAE F T S5 BB, 5 R v, DR ke SRR T A = A R
RIS 24 (— MRS, HARTRER/K) o Edien 7R, UL ST
Ut R AT B SR, R R B (AR A T AR Ak o PRI K P AR i
AR A IR R 2 A B2, (HAL RN RE 2 . g UE,
Ippm CRJ Tpum/m) [FJiRZE 2 1 IK URARAL, 4hPa 28 % 1 2246 30%
[ S AT T

N

Dead path error
TUE AR IR 2

A dead path error is an error associated with the change in environmental
parameters during a measurement. This error occurs when some part of the light
path (a dead path) is not included in the temperature (both air and base),
pressure and humidity compensation.

The dead path of the light path is a distance between the optical interferometer
and the base (or the null point) of the measuring position (L; on figure 2.4). Let
the position of the interferometer and the retro-reflector do not change. When
there is a change in the air temperature, pressure or humidity, then the
wavelength changes on the whole path length (L; + L,). The path length changes
also when the temperature of the base changes. But the correction system will
use the correct wavelength only on the length L2 and will correct only this
length. The correction will not be made on a dead path L,. In this way, the laser

system will “move” the base point.

2-10
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The higher is the distance between the interferometer and the base point, the
higher is the dead path error. This error is especially important in laser
interferometers where the interferometer is build-up in a common casing

with a laser head, because it is then very difficult to reduce it.

AR IR ZE R R R SIS BN SRR 2= . IR EK
AR (ANMEERAE) R R RE SRR (WA M), I
73 il T JZ ib] i (= H .
JGEESEERAT R T T O e (B A S (& 2.4 7 LD
RIFRE o AT RO IR B AR . 24T AR, T i
JEAA, BAPRKIEAN BRI A AR (LT + L2) . BfiE Kt
e, Ziz R ARG o (2, BOERGUR IR L2 IE#IEIK,
HFRREARKE . L1 ML SERE . ZM, BOtRIGK “Ba)”
Herle TP ACMER R RE UK, JEBs AR ZElim . BERZEXS iy —
IOk O T BOR BRI B, DU SR MR
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Interferometer

Base point Reflector
(Null point) KT 7771

Laser head ]—

- s

Interferometer

Base point

(Null point)
7 7 | Reflector
N T
] ' |

Laser head
il |
\ |
{ |
-l alin ———— _|
LT T L, >

The correct deployment of the optical
components for reducing a dead path error

FIG.2.4. AN ILLUSTRATION OF A DEAD PATH ERROR. (FEES 15225250 i )

Cosine error

RIRRIE

If the laser beam is not parallel to a measured axis of a machine (i.e. the optical
path is not properly adjusted) then a difference between the real distance and the
measured distance occurs. This error of misalignment is known as a cosine error,
because its magnitude depends on the angle between the laser beam and the axis
of the machine (fig. 2.5).

If, as a reflector a flat mirror is used, then the beam must be perpendicular to it.
If the machine changes its position form point A to point B, then the beam stays
perpendicular to the mirror, but moves on its surface. The distance measured by
the laser interferometer Ljys, will be smaller, than the real distance Ly,

according to

2-12
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WMRBOCHRE — S HLA M ETAAT (RIGES A ERD A
S 22 ) FR) S  R ) e P 25 e AR X R R R R O R kiR 2, A
ACE IR N BT e R L g B R CIE 2.5 )
WA B SO B, OGN B . RIS AL E N A RS
NF B &L MLOCHRBFFEE T8 7, EARRNZS . B0t T
TFHUEE B Lows, (EEIERIEEE Ly /D, iR3s ~ 4~

LLMS = LM * cos® (6)

The above equation is valid also when as a reflector a corner cube is used.

Y R AU B, R IR R R R

Laser beam
Reflectors
L
g k‘ LMS -
1k O |
Laser head — l'---------------f ------------------------------- *
L |
4 A |« M >

Machine's movenTtent
axis

FIG.2.5. THE BEAM UNADJUSTMENT AS A CAUSE OF A COSINE ERROR. (R# %7
H)— TR AEIEIRAN )

The only method of eliminating the cosine error is a proper laser beam

adjustment procedure performed before the measurement.

THER AR R ORZEME— [R5 20 M R 2 BT — AN IE A IO ARG R
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Abbe error
Buf D1 72

An Abbe error occurs when, during measurements, the measured part does not
move perfectly parallel with the axis of the measuring system. The sloping of
the reflector is the greater the longer is the distance between the axis of the
measurement and the axis of movement. This distance is called An Abbe offset.
Only the movements in the axis of the measurement are important (see fig. 2.6).
An Abbe error may be avoided only when there are no angular movements of

the retro-reflector in the axis of the measurements.

LRI E T, B DU 2= H B, 22 BN R 8 20 AN 56 5 B B 8 2 0 ) il
AT B o SR I BTRBIOR, IR RRNE A 1 B R . XA AR
BT DRI . RN ERIEs) 4 R BmE R (LK 2.6) o APl DRZE

Axis of Reflector
measurement
QD
O
o2
«© <|o
/ Measured distance
Reflector Real distance >
axis of
> Error
movement S

A RERE S, SR SR LA SO 2s B A EE IS B
FIG.2.6. AN ILLUSTRATION OF AN ABBE ERROR. (] Ul iR Z5 125435 1)
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Laser stability error

WOCRE TR 22

As was already mentioned, in laser measurements the laser wavelength
instability changes directly the readout from the interferometer, e.g. a relative
instability of the laser in the range of 1ppm (10°°), causes an error of 1pm on
every Im of a measured distance. Therefore the laser instability error is
important mainly in measurements in vacuum (where a refraction coefficient is
constant) and when a low stability laser is used (e.g. a semiconductor laser). The
stability of usually used in laser measurement systems, HeNe gas lasers is 0.02

ppm, so the stability error may be neglected.

IEIE 52, AAROCIE T, FOCBARATE M H A& S A
HgE R, i, —/NE 1ppm MRGH (10 PO AT e, SHg—
AMEFEE 1 m iGN lpm e, B, BOCARE MR 2 T ZAE I
e I I REBONEED DU BURARE TEEOC AT N Clns AR E0E
we) SEAREEN . AT B0 E RS, SU TR0 S EE T
0.02 ppm, [RIIARE TR 72 72 i) LU ZLG 1) 6

Other errors

Hofth iR 7

In some conditions, a noticeable error may be caused by the electronic part of
the interferometer. As the electronics is used mainly for counting, the errors may
be associated either with miscounting (some pulses are not counted) or with

miscalculating (the calculations are made with finite precision).

R OL N, AR R ZE AR A 2 ARG . BT
Tromhg EEM TR, XAeER R R SEA (ALK AT EAEND
Rl (PHEAEATEIRRSEE A D) ARG,
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Summary of laser measurement system errors

WOGN B R G IR A SR

In order to show which of the errors influence the accuracy of a laser
measurement system the most, an exemplary calculation of errors on a 1m long
steel machine is shown on figures 2.7 and 2.8. Different scales of the charts

should be taken into account.

N T AR R B Ol B AR ge, B 2.7 A 2.8 WoR et
K Im RHIAL TR AT S, 2 RS B R AN R 1 TR

‘I:I Laser B Environment O Cosine O Dead path M Electronics @ Unlinearities B Thermal drift

0 1 2 3 4 5 6 7 8 9 10
Positioning error [um/m]

FIG.2.7. A CALCULATION OF ERRORS FOR A LASER MEASUREMENT SYSTEM
WITHOUT THE COMPENSATION OF THE ENVIRONMENT.

( TEASAME RO & R G RZE 5
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OLaser @ Environment O Cosine O Dead path M Electronics O Unlinearities B Thermal drift

0 0,05 0,1 0,15 0,2 0,25 0,3

Positioning error [um/m]

FIG.2.8. A CALCULATION OF ERRORS FOR A LASER MEASUREMENT SYSTEM WITH
THE COMPENSATION OF THE ENVIRONMENT.

(A ABAME R HOEN & R SRR 2T
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PREPARATION
Y T

To start the measurements using the Laser Interferometer LP30-3D, software
"LP 30 -3D" should be installed on HDD of a PC computer. The hardware
requirements are:

- Windows 9x/NT/2k/XP operating system,

- CR-ROM

- Pentium processor, 90 MHz or better

- SVGA graphic card with minimum resolution 800x600.
FEH] LP30-3D WO S O TRl &, At “LP30-3D" N2 (e —& PC iF
SN . R ZER T
— Windows 9x/NT/2k/XP #4F R4,
- ot
- FEIE ALY, 90 MHz B
- SVGA BB+, A7) #4800 * 600.

Software installation
A2 e
To install the LP program on the PC computer put the CD disc " LP30-3D " into

the CD-ROM. The program will be installed automatically.

P LP30 FE 22 2 ATHEANL L, HFEHE < LP30-CD” %44 i 3] CD - ROM UKzl 2%
o, ERE RS B g
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Components of the Laser Interferometer

WO TG

The number of required components depends on the type of measurement to be
performed. Standard set (for linear measurements) includes:
1. 1 x Laser head — Laser Interferometer
1 x Power supply - Laser Interferometer Power Supply
1 x Tripod stand
1 x Environmental Compensation Unit - (ECU) SM1
1 x Laser head to power supply cable
2 x Magnetic holder UM1
1 x Linear interferometer IL1

1 x Linear retro-reflector RLL1

A T R o R

3 x Basis temperature sensor T1, T2, T3

1 x RS232C cable

[S—
e

11. 1 x Manual Strobe cable (to trigger measurements remotely)

See fig. 3.1 on the next page for pictures of the elements of the standard set.

P s A B B e T ARifE R (ZRPENED fdE:
L 1ME06K - BOG TR
2. 1A - o6 TR
/\:‘ﬂﬂ])m i)m
4. 1 PIEAMELLT - (ECUD SMI
5.1 MR Ze ROk
6. 2 MENES A UM
7. 1A TLT
8. 1 MMk e 5 4% RLI
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Additional elements for angular measurements are:

9. 3 MILARIREALIKAS T1, T2, T3

10. 1 /> RS232C 4% 1 H1.45

1L LASTFEAN AT ik Ol REda i &)
LR T 3.1 ARtEE AT B AL RS o 1

F11 S WU B PR BRI P A 455

I x Angular interferometer IK1
1 x Angular retro-reflector RK1
2 x Beam directing mirror ZK1

1 x Rotary table SO1

L=

1 1AM IK
2. 1M U 4% RK
3.2 MG OB BE ZK 1
4.1 M4 SO1
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Fig.3.1. The elements of the standa
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OPERATION

14T

Preparing the interferometer to work

T TAFER

The Laser Interferometer LP30-3D is supplied from autonomous power supply —
“Laser Interferometer Power Supply”, connected via USB to the PC.

Before starting the measurements place the laser head —"Laser Interferometer”
on the Tripod stand and connect it with the LP power supply. Connect cable
from laser head to socket on the front panel of the "Laser Interferometer Power
Supply”. Connect the USB cable to the front panel of the Power Supply and to
the PC/Notebook.

Connect the Environmental Compensation Unit - (ECU) (TPH) to 6-pin marked
METEQO socket on front panel of the Power Supply. Temperature sensors T1, T2,
T3 connect to 4-pin sockets placed on the front panel. To 6-pin socket marked
STROBE should be connected a source of strobe signal. Strobe signal may be
produced by a pulse switcher (5 m cable with a pulse switcher is in standard set)
or by any other devices. Strobe input is used to trigger the measurement
manually or automatically.

LP30 — 3D ot TP G Hal ity - “Bot T ACREE” , il USB
EEAF PC,
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FERATIE 2, 48 “BOt TP B0k LB A = AR R L,
FHER IR ERFOE KB B AR L) “ ot T BRI k.

R USB HL 532 43 81 PR ) i T AR LA U/ 2B 0 AR HL I =

BRI EAMEA N - (ECUY  (TPH) BHLJEHT AR (1) 6 FLAdRE . WAL
& TL, T2, T3 70l IERE R Fr ik EA 4 FLIhPE . 6 LA B0 A AT 2
FBINIEAT 55U SAE T el Beth— kb Ul #eds (bavEEAFH, 5m
Biats — Ak B AR HAth v % . DS T A2 T T Bk
H Sk A I

Strob T1 T2 T3 ECU

RS232C Laser Head
FIG.4.1. ELECTRIC CONNECTIONS OF THE LP30-3D (LP30 By T-3h A It v i& 3

SP)
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Turning the system on

T RS

Switch on the device according to the following instructions:
1) Switch on the power switch on the Laser Interferometer Power Supply,

2) Start LP30 program on a computer.

When the main menu appears at the computer monitor (fig.4.2) choose option
Display (fig.4.4)

LN EAPIR &SI

IDNEADIR" Gl RUZNGEN DI

2) BN L LP30 F2/7

SR A T s g I CJE 402) , wE4EIETI Display B (A
4.4) .
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nLaser Measurement System - Main Menu = IEI|£|

Positioning Velocity Angular Pos.

Straightness Flatness EFT Config

FIG.4.2. MAIN MENU (3325

If the program is started before the Power Supply is turned on, or the Power
Supply is not connected properly to the computer, on the monitor an error
window with “No connection or Power Supply Off” line will appear (fig. 4.3).
In this case close the program, check the connection and/or the supply of the

Interferometer (POWER diode on) and restart the program.

WA AZ R AL SO B R 2 BT T, B AT IE A B B L, WoR
mv ey AL “ GBSO M YR BT IRE T (& 4.3) o ERXFHEN TR
HIZAE, RGN, FoHE shx .
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X x

Q Mo connection or Power Supply OFF1L Could nok open Com part, Check COM port settings.

FIG.4.3. ERRORS THAT MAY OCCUR DURING SOFTWARE LOADING
CRRAF NG RE v m] B H L AR A )

If the Interferometer is connected to the wrong COM (in case serial port is used
instead of USB) then an error window with “Could not open COM port. Check
COM port settings” line will appear. To change the number of used COM port
choose option Config (fig 4.4).

W BOERE R AR COM Ol — AT um 48R USB #21) , B4k
R “ToiEFT I COM s 1, it COM i 1w B ” B Hil, B
T AT COM i |15, EHEL 1 Config BEE (14 4.4)

Getting basic information from the system

MARGEH FRIBEAAE

After proper software loading choose option Display. The laser system will be
preheated. The beam intensity — the green indicator on the screen — will appear
and disappear. The speed of changes will become smaller due to the increase in
the temperature of the laser system cover. The measuring system is ready for an
adjustment of the optical arrangement of the laser path.

BATINEIR, EFFIEI Display BaR. BWOCRICRHA. SR
- AEBE A B ER TR AT - R ELANE K o AR BT RPN, B
OGRS BT s . I R G E T OB R ARG 2 A

#,
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nLaser Measurement System - Display = IEIIi!

0,00000

Beam Strength:

Digits [ Unit T mm

~Environmental ~Measurement ~Parameters
~ Humidity 32 9% Distance | Axis X | Start position |0=000000 3:
W Pressure 1003,9 hPa I Adjustment Sign: +

Material;
[steel ~| |11,7 2| um/ec

Resolution 100 nm |

W Air Temp. 2238 °C

I Average temp.

T1 T2 T3

Record | |"Reset Position | Main Menu

Reset Paosition |

FIG.4.4. OPTION DISPLAY (JE/RiET)

On the Display screen there are four panels:
- Panel containing the digital result of the measurement, the measuring signal
level indicator and the buttons for changing the number of displayed Digits and
for changing Units. Quantity of significant digits on display may be changed
with the use of buttons T |, pressing button with an inscription Change changes
measurement unit on the display. In the upper left corner there is an icon making
link to Microsoft Excel (if installed). Running this link allows to register
measurement in Excel cells by each STROBE button press.

5 w7 it B Ui i .
- R, AR AR, AR S AR KT B SRR s 5 E O
SRR R o A R R B T RERE AT LI A I, % Change
P 2 R B b I BT AR AE B AR, TR R
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Microsoft Excel (U ZdEMIuE) o 4TI EERE LT LAAE Excel HIT
B S RECH AT 2 L A U 5

- Panel Environmental where measuring data obtained from the Environmental
Compensation Unit - (ECU) are shown. On the screen there are shown:
temperature, pressure and humidity of the atmosphere and temperatures
measured by three base temperature sensors. Average temperature of the base

measured by three sensors is also presented.
SRR HIAG  RORIREEAMEEAE (ECUD SRTGIIEEdE . B4 LR
A W, TEST, KLU SASERRIL R (AR IR =AM
it 8 A TR ) H )~ A B A

- The Measurement windows shows basic information about the performed

measurement. With the left button the type of measurement can be changed. The
right is used for choosing measuring axis. At every changing of measuring
option (i.e. distance, speed, angle, straightness) and changing of measuring axis
(i.e. X, Y, Z) a picture shows how to setup the optical elements. Click with the
left mouse key on the picture to get detailed information on how to setup the
optical elements (help online).

SR, SR IEAESEAT IR BRSNS ] B A R R
AR AR T ERE R AR ERIISE (RIEE, P, A
Re, FLED AURAIECE (D x Y, ZHD L B2 SR s
oot i B R RS A BEAR A AT B Gt (REBIAELD TR
fr &

o

Panel Parameters, contains a few options. Option Sign allows
choosing whether enlarging distances between the retro-reflector and
the interferometer gives positive (default “+”) or negative result on the
display. In the option Material one can choose the material from
which a basis of a machine is made of, the value of the thermal

expandability coefficient of the basis is accepted for calculations of
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compensation. Option User make it possible to enter any value of the
thermal expandability coefficient. In the panel Resolution one can
change between high (10nm) and low (100nm) system resolution. In
higher resolution accepted movement velocity is strictly limited (see
Technical data chapter for details). With the option Environmental
the Environmental Compensation Unit - (ECU) may be switched on or
off. From console of the computer one can switch off the external
Environmental Compensation Unit - (ECU) and enter the parameters

of atmosphere by hand.
-SHEEIR, ST k. BT Sign ARVFERE G KK
O s A A B, A4 IR A BRA ZE R GERIL “+7 )
WEIH Material #KF, LA IEFEN LA FOFLRIAA B, IXAN AT
PER BB AE T FAME N %R . 1L User B AT U AAEART
P REIEREEUE . Aeor PR, AR Sk (10 402K
AR (100 40K) Mo #i. ERmBa T, %
A L2 Bk IR H W B R YD . L& W
Environmental 1] JT )i 2l ¢ I PR B M AT (ECUD o M EEAL
iEdl G, LRI A - (BCU) , T LEE A
ZH
When measurements are executed with automatic compensation of the
atmosphere parameters and compensation of the basis temperatures
(Environmental Compensation Unit - ECU switched on) one should:
- Place the Environmental Compensation Unit - (ECU) on the machine
in the vicinity of the laser beam.
- Place the sensors of the basis temperature along the measured axis on
the machine basis

Measurements executed without automatic compensation are referred to normal

conditions: temperature 20 °C, pressure 1016 hPa, humidity 50 %.
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AT 2 B PR B2 HOR R M B Al A A B AN A TT
JA) N

- REEAMEEM - (ECU) JBHENLS ERIBOC AR .

= VBl b K, R A A s

BATHAT B BAME R R RO IR 45 A R 20°C, JkJ) 1016 hPa,

2% 509%.

Adjustment of the optical path
TR

An adjustment of the optical set up should be conducted in option Display. It
can be done during laser head heating. Final check should be made when the
system is ready to work.
The Laser Head should be firmly attached to the tripod. The tripod should not
touch a machine as it may cause vibration of the laser head and the optical path.
Turn special attention, not to move the legs of the tripod during the
measurements, because it will cause shift of elements of the optical path and the
necessity of repetition of the adjustment process. The arrangement of the tripod
helps to adjust the optical path. Inspection of the level of arrangement can be
made using level fastened on the tripod and on the laser head.
The diaphragm of the laser beam is found on the front panel of the laser head.
The diaphragm can be placed in three positions:
- Right extreme position (fig. 4.5a) —" Adjustment" — the laser beam
goes out through opening in the diaphragm about 2 mm diameter,
- Central (fig. 4.5b) —" Measurement" from the laser head goes out
beam about 8 mm diameter,
- Left (fig. 4.5¢) - extreme position, in which the exit of the beam from

the laser head is completely closed.
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TG B I HE N AR LI Display BT AEOGSKIRAE, X ] PU
B, NAERGUHERS TAEZ A Gk
WOk N AZ e RS [ Mo b T =B . RIS IR E g, DOV E T Res
FEHOCK RSN G FI RS . FrnliE R, AR E R fE i) =
DRI SR, DA R 3R 252 O s B 2% B B RS AN B S R A e B . = AR A
LA BT RAOGEE . A HER IR, R = B 2RO Sk [ E Y
Ko
FEBOGCR BRI R BRI T HOCAR DGR . DGR af LLUSHE =AM
- AmALE (B 4.5a) - “EE” - BOGRGERDGE, HiRY 2 &
X,
- R (B 4.5b) - “HlE” NBOEKHDEHR, HARZ 8 =K,
- Jefm A E (B 4500, BOGSOCR D 5E e i .

a) b) c)

F1G.4.5. DIAPHRAGM POSITIONS. A) RIGHT, B) CENTRAL, C) LEFT (I &, 1
i1, A)
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During transportation or when system is not used, correct position of diaphragm
is left extreme position. In this position optics is safe from getting dirty,

covering with dust and accidental damage during transportation.

FEIs H i A v e R G A E I, ' B AR LR A e b i AT
B ERXMIE LA R 2 an), <Pk, B ERA s i
R R AMIIA

Basic rules of an optical path adjustment:
O % 1R R ) R A )«

When the position of the laser beam is being corrected, the spot position on the
diaphragm of the interferometer (the interferometer is placed closer to the laser
head) — should be regulated with X stage and up-down translation stage Z and
up-down translation of the tripod. The spot position on the retro-reflector
diaphragm (the retro-reflector is far from laser interferometer) — should be
regulated with “a” angle adjustment in vertical and “B” angle adjustment in
horizontal line. The regulating elements of the laser head are presented in fig.
4.6. In Fig. 4.6 one can see the position of the laser head for Y axes
measurement. In this position the function of the regulating elements will
change.
MBOCR BN E EZ BIAIE, £ PG LR A s CRB NI
FESEITOCR AT ED MR XA, JF BN Z Bl B R e = A
ST RO SRR AT O TWO0  — N “a 7 £
FEEERIRE A ¢ 7 FANEEE. WOUSKINUR TR LER. 4.6 . 4.6
T, ATLAE Y Bl I RO R A B AR E TR D) RE
SRAEZA
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foii
(axis Z) '~ movement Vertical
vertical — (axis Y) rotation a
movement
(axis Z)
d)

FIG.4.6. LASER HEAD ADJUSTMENT ELEMENTS. CGEOtSkif#52E)

Adjustment process

Ui
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1. In the option Display in the PC program choose type of measurement, which
will be done and axis along of which measurements will be carried. On the
screen will appear a drawing showing recommended arrangement of measuring
elements at the chosen type of measurement.

2 Linear interferometer IL1 and linear retro-reflector RL1 should be
mounted on magnetic holders UM1, UM2. Regulating elements of the laser head
should be placed in central positions, to assure maximum range of regulation.

3. Choose which from the optical elements will be moved (retro-reflector
RL1 or interferometer IL1) and attach both with magnetic holders: one to a
moving element of the machine, second to an element in relation to which
displacement will be measured (for example: the retro-reflector may be fasten to
a moving element, and the interferometer to a motionless table). Remember, that
relative linear displacement between the retro-reflector and the interferometer

is measured.

Attention! It is inadmissible to place one of optical elements (i.e. RL1 or IL1)
outside the machine on an additional stand — the system measures then also
displacements of the machine in relation to the stand.

4. The moving element of investigated axis should be moved in closest
position to the laser head position

5. Place the interferometer optics ILL1 and the retro-reflector RLL1 on the
axis of movement. Check the level indicator that the interferometer is in
horizontal position.

Attach the retro-reflector RL1 to the interferometer IL1 (there is a special

socket for this purpose in IL1) — see fig.4.7.

4-13
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1. R FFIE T Display Y, GEHEINERM, 8Pk f 2 se i, Wl
PTG W S WoR . EhERE B Il AN ETE, BB 2R 1
W TR A

2. LRME TN IL1 LRk I b 2% RLL N 2235402 48 UML, UM2 L. 3
TR TC 28 N BTE A, DA R TR 2R 1) 35 Y

3. EFERES G e S B (R RLL BUT A ILL) , FFHREAE
YR L BB NE, SRR TR (Bl O
H [ ELE DMt R, T EAER R T B o W, RONAE
FNF-PACZ 0] (R AERT R e PR % i I 2

R ANSCVFHLES LU AT oo fioE (P RL1 & IL1D iS¢
20 b — PRI TS RS M S LA B SR

4. AT F 3 0 3 N AT S OGSk A B AL 5

SHTWAOCEE R L1 R8s RLL JRAEisshih . K&K
PRI DR TS AOR AR B . B #s RL1 21T IL1 & ChitkH
wo, A — A I B M O o o> W B 47

FIG.4.7. START POSITION OF ADJUSTMENT il 2 (e ah A7 B
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6. Move the moving element of the machine together with the attached optical element in

opposite extreme position. Diaphragms on IL1 and RL1 and of laser head place in position —

“Adjustment”.
6. HNLAR B s e R 5 M s o 2IAH s R em A7 & . TL1 A1 RL1 SGRE AL
SKIHL e “REE”

FIG.4.8. ADJUSTMENT POSITION (A) AND WORK POSITION (B)

WREATE Ca) FTAEfE (B)

7. Regulate the tripod height and level of the laser head by means of a sphere
joint. The laser beam has to fall on upper hole in interferometer diaphragm and
after passage by the hole must be found within diaphragm area of the retro-
reflector. The laser head should be placed horizontally (for horizontal axes) —
control it on the level indicator.

7. R = BRI i BEAIOE Sk K, SR AN ERIE A R O IR AL
WAL TOCRE R B, TR 5 20 B i R0 el el Y R 308 . B0
SKVACPIRCE. (RE il F2EHACF R TR R

8. Using regulating elements of the laser head find a position in which laser
beam passes through both upper apertures in the diaphragms placed on the

interferometer and the retro-reflector.
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8. MEHMOLLIME G, A MLE, RO KRB i AC0E
L B ot Bl i) BRI £L

9. Switch the diaphragms on IL1 and RL1 in a position of work.
9. #TJFIL1 A1 RL1 SR, B TAEA &

10. Using the regulating elements of the laser head adjust the position of laser
beams on the diaphragm of laser head. Two return beams should exactly cover
each other an entrance hole on the front panel of the laser head. If this is
necessary gently correct the position of the IL1. Shift the diaphragm on the laser
head to the position “Work”. The level of the measuring signal (the green
indicator on the screen of the computer) should have value not less than 80 %
during translocation of the moving element along the whole path.
10. A IO Sk 7 DA 2= PR R0 KOG EROCR IR E . PIIRIIR (]
DG RO HLAH 58 AT w0 Sk AT AR AR o WR B, nl g
MR T AL Fe R MOGSK DGR 2 “ TR A8 . AR5 WP
L ERZRtdastD) N A AMET 80% Ui, e igie
¥ EICER S i .
11. For precision adjustment, when the straightness measurement will be carried
on, use electronic adjustments. Switch screen of the display to Adjustment mode.
Using adjustment screw set two crosses blue and green to the centre of the
screen. Blue cross corresponds to reference beam while the green one to
measuring beam see Fig 4.9.
11 B 2 SIS A T I 7 20 R, A e 7~ % . D)5 Display B
B 2 AR PR 2 WOE A7, O aR i), P54
. W EZN NS ROLHR, S AR VIR, WL 4.9
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Record ‘ ‘ Reset Position Main Menu
Reset Position

FIG.4.9.CORRECT ADJUSTMENT OF OPTICAL PATH
CIERfR GO

12. Reset displayed position using “Reset” button on the display. System is

ready to work.

12 Bonds R B E i B Bon A E . REEUTE TIE T .

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

interferometer, because it can be a source of measuring errors.

FEE IR, U A e '/JJﬁnLl/]ﬂm Ul DL -2 A Z0ifRil, s, Hm
I EAL S, RSB, KUY IXA] A& — NI 5% 22 )R UE
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LINEAR MEASUREMENTS

Sl

Measurement set
e
Linear measurements are the most often used measuring option. Using this

option it is possible to measure:

Linear displacement;

Velocity of moving element;

Linear positioning.

Vibrations (see Chapter 8);
Measurements may be executed in three mutually perpendicular
measuring axes X, Y, Z. Change of a measured axis will demand displacements

of optics.
LB G2 B P By S A e VR AT
- HEAIE;
—18Zh U H I
- Gl
- PR3 (WEH\ED
W] REAE AN EAHE E AR X, Y, Z thaHT, MEER AR T

EIUF IS .
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Required measuring set: a computer, a laser head with a power supply, a stand
Tripod, two magnetic holders UM1 (or two UM2), a Environmental
Compensation Unit (ECU) - SM1, sensors of basis temperature T1, T2, T3, a
linear interferometer IL1, a linear retro-reflector RL1, remote control Strobe
(option).

s E s E: —ai&EH, A EREoLk, D=
SCHE, PRANEEVESCAR UMD (ERRAS UM2) , BREEAMEEMF (ECUD  SM1, J&
fiffit AR IS T1, T2, T3,  — &M TLL, — PN & RLL,
RSN Clag) .

FIG.5.1 SET UP FOR LINEAR MEASUREMENTS IN X AXIS.
(BT LM X 5D
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FIG.5.2. SET UP FOR LINEAR MEASUREMENTS IN Y AXIS.
CBEZZR PRI & Y 4D

FIG.5.3. SET UP FOR LINEAR MEASUREMENTS IN Z AXIS.
CHAL & Z 4D
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Linear displacement measurement

LNEAL R I

When one want to prepare the measurement system for the measurement of a
linear displacement electric connections and adjustment of the optical path (see
chapter 4) must be carried out. When the laser system is ready to work — green
LED light on the forehead of the laser head. Next it is necessary to check optical
path, i.e. whether the measuring signal reached at least 80% on the entire axis.
The measurements now can start. A measuring unit (mm, um), a number of

1313

significant positions on a display, a measured axis, a sign (“+” or “-*) and base’s

material may be chosen. After resetting, the display system is ready for
measurements. When the retro-reflector is moved on the screen the displacement
in relation to a starting point is displayed (it is also possible to move the

interferometer in relation to the standing retro-reflector).

I ERGAEF LN I R, R RADER R (W 4 7D D
IMHEAT o HIOC R GNER L ZE I, OGS AT AU w2 O i) LED 4T. K
&, fAERAGE, MEE, WEKESZEEHE TN 20 80
%o XU )5, WHEALUFG. —ADERLA (2K, ek, A ER
e ARG E, WER, AT O e -7 ) R
Wbt HE)G, RERRGMATLINE T MR aSERA L), ik
AR AL A 3 s R (AT AR BT, A T35 51 Sedig a8 ) o

Linear displacement velocity measurement

LA AL S I

The arrangement of the optical path and the laser head should be the same as in

the paragraph above. The measurement of the linear displacement velocity is
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executed in option Display. The type of measurement should be changed on
Velocity and a unit should be chosen (m/min, m/s). After resetting the result on
the display, system is ready to the velocity of displacement measurement.
During translocation of the retro-reflector the value of velocity is presented on
the screen (is possible to measure velocity moving the interferometer in relation

to motionless the retro-reflector).

SO Z A ANEOE S N AR S E B E] o S A A% 3 B
o e T AR AT ). WS N O, AL N COK/ g, K/
M) o EEERGE ERER)E, RGU ] DUTIAI AR M & . AE S as
SRR, AR A BB (n) LB, s+
WAL, O A IRFFEIED .
Velocity graph
]
The arrangement of the optical path and the laser head should be the same as in
the paragraph above. It should be activated Main Menu and chosen option
Velocity. Than a button Start should be pressed and the object, which
displacement velocity we investigate, should be moved. After moving stop
button Stop should be pressed. On the screen will appear a graph of velocity.
Clicking on a part of the graph and moving the mouse rightward we receive
increasing of a selected fragment of the graph. Clicking on a part of the graph
and moving mouse leftward we cancel increasing. The graph can be printed or
saved to file when we choose from upper menu File, and then suitable option
(i.e. Save, Save as, Print).
2GR 2RO Sk N AZ A BB R . & N i o B, ek
VR . RJada— N, AR EE R SR, SisIT a8 s) T .
2L W SR 7 | ki O ST O e s B U DoV 9543 L P = W 1 - M S B
—HBr, AN AR, FATRE] T E Bk H . A XA B



LINEAR MEASUREMENTS
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§dLaser Measurement System - Velocity B i
File Edit Measurement t Help
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nnnnnn
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Average Velocity: -0,001 mm/s

‘ Stop | bdain kenu |

FIG.5.4. VELOCITY GRAPH WINDOW (i /& & & [1)

An example graph of changes of the linear displacement velocity of a machine

table in one axis is presented on fig. 5.5.

T EHAE L BRI ARA HIE R, WKL S5 .
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Wykres Predkosci

—
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_
R
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FIG.5.5 EXAMPLE GRAPH OF CHANGES OF LINEAR DISPLACEMENT VELOCITY.
CERAMER R A 21 1R 2D

Program also counts an average velocity from a visible range on the graph.
Possible is also presetting of minimum and maximum values for measured axis.
Clicking left mouse button on selected axis or clicking right mouse button
within the area of the graph appears a menu, from which we choose proper axis.
On the screen appears a window of scaling of axes Velocity scale and Time
scale. We can place scaling automatic or set maximum or minimum values.
Program makes possible also saving the velocity graph and then loading it for
example to Word editor. To save graph to file we should click with right mouse
key within the area of the graph. Popup menu will appear menu from which we
should choose Copy to clipboard instruction.
The choice of the speed unit is also possible: from menu Edit we should choose
option Config , where we can set the velocity unit.

P 3 v B ] T LS L A R P S8 T o 3Ot 1 o I i e A
A PASE 7R o ol BT 2R Pl B e B R o 22 e TR R DX AR A B, s R
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Linear positioning measurement

2 e I

The linear positioning measurement is the most advanced option of linear
measurements. It is most common form of measurement performed on the
machines. The system measure linear positioning accuracy, repeatability and
backlash by comparing the position displayed on a machine’s readout with the
true position measured by the interferometer. In order to start measurements
option Main Menu should be activated and Positioning should be chosen. On
the screen will appear a window linear positioning as presented on fig. 5.6

2 1 AV W e MR B i = R 7 3 IR AR L B BIL s B R
o BARGMWELIE AR, EEMEUSE S LB S w5+
WA B R LR A B S O 1T AR, BT ESRBNY OEGE, I
POEFEEAL. AL Lol R i 1. WK 5.6
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s
File Edit Measiement View Help

Laser Position [mm]

Start Position [mm]

0,000 =

Beam Strength:
100%

Target Position [mm]

Positioning - 021105 Point| Xa | Xr |

Main Menu ‘
FIG.5.6 LINEAR POSITIONING WINDOW.
(ke hr e 1)

In this window appears upper menu, which consists of options: File, Edit,
Measurement, View, Help. In option File are found instructions making possible
reading measuring data from disc, saving data on disc and printout of
measurements results. Option Edit allows to enter measured machine parameters,
preview of measurement results in every cycle of positioning and an edition of
positioning points (when option Target Points from List from menu
Measurement is active).

FEIXAN T HH L B, emitfis: o, 9w, &, HLE, L.
FECAL IR, A DA BMO G e B, IR A7 DG4 B AT B e 4 R
HI45% . LT gmB LV A DTS 025, B> F 1 A7 il o 45 2R
TG AT A R A e B a8 10 B A AL T3 IRESD .

Option Measurement includes the options connected with the process of
measurement:
Start — beginning of measurements

Stop — break of measurements
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LINEAR MEASUREMENTS

Dynamic — choosing this option activates dynamic mode of linear
positioning measurement.

Manual Capture — choosing this option causes, that for measuring points
we can get measured value of displacement by pressing a button Manual
Capture or by pressing pulse switcher of Strobe. If this option is not active
points are captured automatically (program detects the moment of machine stop).

Target Points From List — after choosing this option on the screen
appears a window for edition measuring points in which we write or count
distance value for positioning points. If this option is not active then the
positioning points are marked automatically in first measuring cycle.

Stop After Cycle — if this option is active program breaks the
measurement after realization of a measuring cycle and if it is not active number
of cycles set in configuration is executed.

Change Given Values — setting this option gives possibility to change an
earlier defined distance value of a measuring point during the measurement
process. Before point capture appears a window in which can be written new
distance value whereupon marked are only places after comma what causes that
it 1s not necessary to write all distances.

ik AR ARSI =suRE Y EPRNpURIE

TR - JTHRE

fEik - B

B - RIS A RO ) A

Tohfisk - EFEBLLEIRA RN, Oy T E A BATT ] BSR4
A, % T B IR AN AT Bk TG . W A AN I TR B
e B (R R p L5 BRI D

FIR bR — AEpAr BRRFEXANEI5, S H, Al g
BATEH N B EGE T ) A s R B AR A IR Al RN IR TR BGE, B4
EA R ARSI A I A shhrad .
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fEIA G b — W R IAL TG IRAS, R 2 AE 58 Bl & J 4 )
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Kk

Option View serves to switching on or off a panel Target Position, Error
Table and to switching on drawing on the graph of measuring points from all
cycles (active cycle is drawn using solid line but remaining cycles are illustrated
using only points).

W IAF ] LLT T 8OC 1 B AL B TIOR3, tn] LT I 47 51 390
M R G ER R e T SEgem g, H AR B A ROR 7S

If system is ready to work, then on the screen appear two digital displays and
gauge of measuring signal level. On the upper display measured value is shown,
on the bottom display value of target position, which is read from data points
table or appointed automatically. Under the displays from the left side there is
presented a graph on which the results of measurements are shown. From the
right side Error Table is found. Under the graph button Start - beginning
measurement and button Main Menu - allowing to enter to Main menu are
placed.

WER RG] UL TAER GG, 75 b Lo BB EC 7 WoR a8 AME 5 T I A . 75 1
BoRds, WEEER: 76 Neonds, AWM EMESR, %82 NEI R 33015
SEM o fER R NN, Box—millEg REE . wERAAMN. BTL, A5G
AL, JTARIN e, M ESERZH, SOVFEA s

In the bottom parts of the window a status bar can be found, on which there is

presented a configuration of the positioning measurements. In the first field
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information about method of measuring points capture is found (manual,
automatic). In second field information whether measuring points originate from
list or are marked automatically is shown. The next field informs about number
of cycles in series (number of cycles executed one after one, if not active is
option Stop after every cycle). In the last field information about activity of
option Stop after every cycle is presented.
WAPAEAEE DR, Wil micE . 5 — XS R fUR AR 7k
FfEE (3, B3 o 0 KBS0 Tl SUE K B 4 A E shbs
WHE R PR R — R EE AN DT R,
BRI, ARSI o fa— XU 7R A SRE B 3 e i 3 1
& 1B 1 B
To execute the linear positioning measurement program has to know the target
position in which it has to make measurement and to count deviation. These can
be automatically defined in the first measuring cycle on a condition that
distances between points are marked with accuracy to full millimetre. The
positioning points can be also written or counted after marking an option Target
Points From List. After activating this option the positioning points can be
defined in any accuracy.
LPATEN e A, R R RIE H bR AR, e U R T
AW 2 o IXEE R DAAE S — NI R B aloe 3, A - R ) B AR
WRIZ RIS o B AL FEHE, EARdEINFIR B R
Joio PRI T, IR E AT 5 A AFEAT AT AERE A E e
Measurement can be driven in an Automatic option or in a Manual Capture
option. In automatic version the system oneself recognizes the moment of stop,
the value of target point, the direction of movement and the number of series.
For correct work of automatic option below rules should be used:
1) Time of stop duration in measuring point - at least 1 second,

2) Vibrations of machine - not too large.
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DT DL [ B IR e T s Rk Wk Bh . A ABRA, REAC
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If vibrations are too large — system does not capture points — then the option
Manual Capture should be switched on in the menu Measurement. After
choosing the Manual Capture option on the bottom of the screen appears an
additional button Manual Capture. Capture of the measuring point takes place

by pressing this button or pressing the button on the impulse switch.
RIS K - RAWiASdxkm - BAWERS LT FshiHIR

NAZFTIT o AERFEFENEIRIEIUS , B4 il i 3L 73 1 1) F-Bh i gR 24
A R o T B XA P B ik T O A A

Examination of linear positioning of machine consists of at least 2 measuring
cycles. In every cycle the measured machine will move the retro-reflector for
programmed distance fore (Avers) and back (Revers). After each shift the
machine should stop for a time at least one second. The measured distance by
the laser system is saved in the table of results. After at least two series of
measuring cycles, statistical calculations can be executed and execute-report
from examination is prepared. In order to get the final report press a button
Report. Using buttons Remove and Add it is possible to change the measuring
cycle in which accidental error is suspected. The screen of the computer after

pressing the button Report is presented on fig. 5.7
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inear Positioning - BFK130X.dtZ
Linear Positioning Error Plot Results
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FIG.5.7. LINEAR POSITIONING RESULTS (£ JE 5 i1 45 %)

The positioning parameters are presented on the graph. In the right side panel
Results is found, on which results of statistical calculations and a norm
according to which calculations were executed are presented. The norm can be

chosen from a list. After choosing a new norm the results are recalculated.

RN SHAEER FRox. SRR I, T, Gt H 4 1A
Ml B TS 2 bR UE RS s ok . ARUE T LAB R Pk £ . FEEHE—
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LINEAR MEASUREMENTS

Under the graph buttons used for the change of the axis scale Axis Scale
(automatic scaling or assignment, minimum and maximum values), choosing of
parameters shown on the graph Parameters, report, printout Print and return to
looking through the measuring cycles Previous Menu are found.

Example of linear positioning report of CNC machine in axis is presented on fig.

5.8
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Machine: BFK130 ‘

POSITIONING RAPPORT

File Name: BFK130X1.dt2
Acquisition date:01-11-08 15:41:14

Serial No:

Current date:

Ax{sx

02-11-06 15:08:15

Measurement System: LSP-30 Compact

LASERTEX

Measurement Conditions

Results
Norm: NMTBA
Accuracy:
Forward 59,8 ym
Reverse 63,5 um
Bidirectional 61,5 pm
Repeatability:
Forward 16,4 uym
Reverse 20,1 ym
Bidirectional 13,2 pm
Backlash
Mean -0,4 pm
Max 2,6 ym

Air Temperature

Humidity :

Pressure

Material Temperature :

23,3°C

19,4 °C

36 %

980 hPa

krbhebddbdbbubkbnsg

o Foremnd Meem
Bidirectional Mean

- _Backlash

4 5 6 T B s 10 1

~~ " Forward Mean +/- 3 Sigma.

Bidirectional Mean +/-3Sigma % Reverse Data Points.

12 13 14 15 16 17 18

Reverse Mean

" Reverse Mean +/-3 Sigma

|
9 20 2 2 23 2

&  Forward Data Points.

Comments:

Location: a

Operator:

sambor

Signature:

FIG.5.8 LINEAR POSITIONING REPORT
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Recording mode
SE YL

The long term changes of the length of machine axes under changes of
temperature condition may give the information about thermal properties of the
machine. This kind of measurements called “Recording mode” may be chosen
by pressing RECORD button on the Display screen. This switches the system
into the mode of the data recorder. The time interval of the records could be

programmed from the computer by setting a required value.

FEMR LA SAT T LRI L I AR n] BE 27 A AT R B A E
A5 R XM A sl (Il il 4% B e b s 4l m] DLk
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BT A
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Hacurding

Interval
Hour Minute Second

g0DSN [T = P = o 3 T

| e | |

Beam Strength:

Mo| Time [ wawe | H [ P | 7 | 11 | 12| 12|
. 1193104 0001884 44 9897 2235 2185 2133 2173
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. 31933 00002 44 9895 230 281 2183 2169 o =
v Hmmdlty 4 |4 13345 ooozoes 44 97 227 273 2187 2167 t position 0,000000 -
5 193155 0002208 4 9897 224 278 2185 266
£ 133205 0002246 44 987 222 2175 2184 2164
- = 7 = 7 7 B =
v Pressure 989,7 bl
eral;
% Air Temp. 22,1 Ei11,7 SliEEE
Save ta file End Recording | Help
¥ Averagetemp. 21,7 Resolution 10 nm ‘

Tl ™ T3 :;g i e o :
bt e e Dl |
2172 C 21 Sl %0 ZILEWHC A

00 80 -60 40 20 0 20 40 60 80 100

Record | Reset Position Main Menu

FI1G.5.9 RECORDING DATA MODE.
CH s S A 2O
Pressing “End Recording” finishes the data recording. The results can be saved
with the choice of “Save to file”. In fig. 5.9 the example of Data Record is
presented.
S 58 B0 58 OB % o S R T DA “ORAF IS0 o 1B 5.9 SR sk &

-

T
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6

ANGULAR MEASUREMENTS

£ 2 5

Measuring set for angular measurements
£ DN ) R
The angular measurements performed by the laser interferometer system are
used for straightness, surface flatness and angular positioning of rotary tables.
Straightness measurements can be done in three mutually perpendicular axes X,
Y, Z.

HIOE TP AR GEHRAT A I R T H LR, R I EENEE & A
JETEN . BN =TT UAE = AN TAHEEM X, Y, ZHI5E.

PRk i

FIG.6.1. SETUP FOR ANGULAR MEASUREMENTS IN X-AXIS.
X il g S B B D
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Change of measuring axis will demand displacements of angular optics ( figures

6.1,6.2 and 6.3)
= A ) AR A T S A B E RAAE RE (6.1, 6.2 F16.3)

FIG.6.2. SETUP FOR ANGULAR MEASUREMENTS IN Y-AXIS.
CY il A JEEI B B2 D

FIG.6.3. SETUP FOR ANGULAR MEASUREMENTS IN Z-AXIS.
(Z Sl B v D
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Required measuring set: a computer, a laser head with an interferometer power
supply, a stand Tripod, two magnetic holders UM1 (or UM2), a Environmental
Compensation Unit - (ECU) SM1, sensors of basis temperature T1, T2, T3, an
angular interferometer IK1, angular retro-reflector RK1 mounted on P100 mm
base, remote control Strobe (option).
Auxiliary equipment used in the angular measurements is: two mirrors ZK1
mounted on supports, serving to reflect the laser beam - necessary to
measurements of the surface flatness; a rotary table SO1 controlled by step
motor - used to angular positioning measurements.
P R BCE . — G, — M T Aok, A=A, AN SL
B8 UML (B¢ UM2) , —AIEEAMAESE - (ECUD SMI, JERlR B AL T1, T2,
T3, 1 MABETWA IKL, 2Z3AE P100 KL b0 ff B SO 38 RKL, R INDGAT
(AJ3E)
DA Bh Bt R AR SO BT GE 1 ZK1, DARWRBOGIR - 11
MER L — DG SO, dubREpLES] - FHRI R E A7 M2
Measurement of angle deviations

F11 5 A 01 £

Preparations to measurements are similar to those described in the previous
chapter. The measurements are executed in Display mode. Select Angle as type
of measurements and select the measured axis (fig. 6.4). As a default, when the
retro-reflector is bent towards the laser head direction, the measured value is
positive. It is possible to change the sign in the option Parameters — Change of
sign.

I v A AR SRR, R B R Y IR AR B R AT . PR
JEM SRR A (& 6.4) o ARYETEOLT, R EREOE kT
5 i, RSN . RSB RREER, ] LLUESX e
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FdLaser Measuremant System - Display

0,2

Beam Strength:

e Sek

Environmental (Parameters |
o 0,000 EI:
Eiidiy Start position
Sign: ]
Pressure Material:
Air Temp. D-Al ~| 22,6 3: um/°C
Average temp. .
Rozdzielczo§¢ 10 nm |
Environmental r ‘
Record | Reset Position | Main Menu |

FIG.6.4. ANGLE DEVIATIONS MEASUREMENT SETUP.
CAA R 2500 v D)

After display reset the system is ready to measurements. If the retro-reflector is
moved to a new point, the display shows the value of the angle deviation in
relation to the first point. It is also possible to measure change of the angle

deviation in the same point if the inclination of retro-reflector changes.

CoNPFEE G, ZARGEH LUE T . R A SRR sl 2] — Nk R
BN BN AI R T 50— A R ZE(E . ] DL A [A]— 00 & A L
Z2A0Ak, G R A AR A AR AR AL

Straightness measurements

"/

2SI

The straightness measurements are performed moving the retro-reflector base
along a straight line. In order to get the correct measurement the straight ruler,
against which the retro-reflector base is pushed, should be fastened or fixed on
the measured axis or surface. The measurement lateral surface of the retro-

reflector base must always be tangent to the ruler (see fig. 6.5).
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TLE M U S HERAE ) SO A S PR A TIN .  TINRIER, 5
Uit e B JRE N A HHERE A B, W A2 [ AR I B Al R I o S ae B AR 2
AN 2T H D). (WK 6.5)

FIG.6.5. AN EXAMPLE OF OPTICAL COMPONENTS SETUP IN STRAIGHTNESS
MEASUREMENT.

CHZ LM & ea oo PR B Y1)

Required measuring set: a PC computer, a laser head with a laser interferometer
power supply, a stand Tripod, two magnetic holders UM1 (or UM2), a
Environmental Compensation Unit - (ECU) SM1, sensors of basis temperature
T1, T2, T3, an angular interferometer IK1, an angular retro-reflector RK1 on a

support base P100 mm, a remote control Strobe.

Pt R E: — &K, — T OCRERBoEk, — =%,
PN EETE SR UMD (B UM2) , — DIREGAMEEAF - (ECU) SMT, JLfitif
JEARIRGS T1, T2, T3, 1 AMAETHAC IKL, 22H4E P100 KL 1) f
FE S St 4% RKL, B IAGAT
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The straightness measurement is performed keeping the angular retro-reflector
against the ruler and moving at intervals of about 100 mm, and measuring its
angle deviation. Before performing the measurements, you should mark
reference positions at intervals of 100 mm on the leading ruler or on the
examined surface. The use of a ruler with a scale is recommended. The
straightness measurement is performed in the option Straightness, chosen from

Menu Main (fig. 6.6).
SIS RFF S R ZNE AR, 78 100 ZK iAW R EEE,

AP ZE o RS2 /T, ARV AZAT B R B FrillR mbsic 100 22K
A (22 A0 B HEAE AT ] — AN 2 BE R LR . B S ) B DA SR
(4 6.6) EHEINELRE -

—lLaser Measurement System Straightness _ =]
Eile Edit Measuremen t Help
T — 0.2 sekil
on
A R 1-+
IVMIOVO INCU OICIICKLOL
z ire pomnt 4 or S1TOP
T W n 12 13 w15 16 1 8 18 2 a2 2 2 % @ 2 @ 2 A
Distance [em]
- Czas oczekiwania 35 s. 5
ENENENENENENEE MainMenu |

nnnnnnnnnnnnn [Base Length: 100 mm [ [ [End Point Fit Method

FIG.6.6. STRAIGHTNESS MEASUREMENT WINDOW.
CHE IR % D
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The measurement can be done in an automatic mode (standard arrangement) or
in a manual mode with manual triggering of measuring points.

In the automatic mode capturing of the measuring points takes place after a
selectable time delay. The time between capturing the measuring points is used
to move the retro-reflector about a distance of 100 mm. The time interval should
be used in dependence from practices of a person leading the measurements. It is
suggested to set the time on 10 s and to decrease it if needed. An arrangement of
the time interval may be done by pressing<— , — keys on the computer screen.
The retro-reflector base P100 should be placed at the beginning of the examined
axis close to the interferometer. After the Start button is pressed one should
wait on capturing the first measuring point. Then one should move the retro-
reflector base of about 100 mm and to wait on the next point capture.
Announcements shown on the computer screen make the measurement easy.
After capturing the last measuring point press Stop.

WAy LR s (haitk el BAE A T3 fd At s () T3 B e il
(EHBBEEUT S W BRI AR A5 AT S 6 R IS TR J o SR e s 2 ) I i) 2
M T30 SO e K2 100 22K )RR 25 o I T i) o 8 ek o0 2 ) S B 2 6

WHCE N A 10 s FRARS 5 22k b o TR RIS R) 22l T el e i i e B0, BE5e
o ZSARFERE P100 NOSCE AE TN, LT 1% NIRRT S
SERF IR — I o SRJG NAXAE B SO A R 100 220K, JFAEEAFERIBUT — > ki
BRAETHENUSE A RS A AR A S . RIS — MR R S, k.

If from some reasons will not be possible to move the retro-reflector base before
the capture moment, the measurement should be repeated from the beginning

point and possibly the measuring interval should be enlarged.

SR A HE L SR IR, AR B S 2 B JCVERS Bl SO A AR, S D Y
EMNIFG AR, WA A RE & ] BN A% K.
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¥ 4Laser Measurement System - Straightness - tawal.dt4 _ o]
File Edit Measurement Help
I T Y 02 sek

Ds=110,81 um|

llll Czas oczekiwania 35 s. = \Main Menu |
|angular Method [Base Length: 100 mm [ [ [End Point Fit Method
FIG.6.6. RESULT OF STRAIGHTNESS MEASUREMENT.
CHE N )

To perform the measurement manually, the option Measurement automatic in
option Measurement should be switched off. The measurement is started by
pressing Start. The Capture of the measuring points can be done from the
computer keyboard or by pressing the remote Strobe button. Each time after the
movement of the retro-reflector base of about 100 mm measuring point should
be captured. After capturing the last point press Stop.

The results of the measurements may be saved to a file or printed according to
the setup in File menu.

LPAT TR, R AP EN %K. W ELILTFR R 8. W& A
ARIUCAT DU T SO B A A% B A D GAT H 5 B BRI SR 2 2R e R 5 2
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7

FLATNESS MEASUREMENTS
V- 1 3 ]

Preparation

W 45 1oL

The flatness measurement is performed on the basis of straightness

measurements of eight axes. After measurement values have been collected, a
flatness 3D map is drawn. (fig.7.1.).

o I A 8 i E e LI LA AT R MRS
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FIG.7.1. AN EXEMPLARY SURFACE FLATNESS MAP. (& (i1 -1 Ji b & o< 4o
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FLATNESS MEASUREMENTS

Required measuring set consists of: a PC computer, a laser head with a power
supply, a Tripod stand, two magnetic bases (UM1 and/or UM2), a
Environmental Compensation Unit - (ECU) SMI1, basis Environmental
Compensation Unit - (ECU) sensors (T1, T2, T3), an angle interferometer 1K1,
an angle retro-reflector RK1 on a P100 base and two beam directing mirrors
ZK1. The element set for the flatness measurements is shown on fig. 7.2.

Pr il i E: —a W, T OORIEIEOLEL, =I5,
PIASTETESCHE (UMD F/B8 UM2) , —ANEREEAMEESE - (ECU) SMT, i
JEARIRAS TL, T2, T3, 1AM T IKL, 22%4E P100 JEAE_E (¥ A%
OF e RKL, 2 DRSO BT P FEEIE R e LA 7. 2.

FIG.7.2. FLATNESS MEASUREMENT KIT (IK1, RK1 ON P100 BASE AND ZK1)
SEIRI MR TEESR (1K1, P1003E 4 Fif RK1 Al ZK1 )
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FLATNESS MEASUREMENTS

Adjustment of optics for the flatness measurements

T HED G2

The measurement of flatness consists of the measurements of deviations from
straightness made along 8 axes. The measurement axes are set on a measured

surface as shown on figure 7.3. On this figure are shown also: directions of

measurements in the axes and margins that must be kept during measurements.

I R 8 HHPT AR ) L IR i 20 o N R AR 1
B, W 7.3, B 7300 BNy T, e T 2 R EF A 1

Set Measurement Axis X]|

—Checked Axis

8 )

5
4-..
4
5 7
i Auiz B —
2
1
_h.

\/ ok x Cancel | ? Help

FIG.7.3. THE MEASUREMENT AXES.
SlE=¢:tip)
The measurements of deviations from straightness are made with angular optics

as described in Chapter 6, Straightness measurements. Depending on the
measurement axis, a different set of optical components is used and the
adjustment of the optical path is done in slightly different way. All flatness

measurements are done with one laser head position, shown on Figure 7.3.
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The flatness measurements are performed in the option Flatness chosen from
the Main Menu. After setting proper base length (standard is 100mm) and
machine data (Edit->Machine Data and Edit->Base Length), the Measurement
button should be pressed. Than a measured axis should be chosen (fig. 7.3) and
then the optical path should be adjusted (see below). After the straightness of a
chosen axis is measured a next axis should be chosen — Measurement->New
Axis (fig. 7.4). When all the axes are measured, Flatness Plot button should be
pressed. The received flatness plot (fig. 7.1) may be saved, printed or exported
to a text file (File->Save, File->Print or File->Export).

TR w2200 B HI A BESE 22 e o8 1), sl 6 & FL2e /M wfnik . R
P, e E IO AT, St L DA R 55X
BEAT . B IR R R AE O B e, WKL 7. 3.

S-S I A SRR E FEIE TP T BE . AE B AR ChE
100 =2K) FHLEADE (i T BN B M D IR B R, Ni%
TR . REIEEN R (B 7.3, RERER (R3O o ik
ML B, NS~ WR-OFHEH (8 7.4 . A
IRl e, NP B g . o im g (&1 7. 1) Bedk
ORAF, ATEIEC B A SO CCfE D IRAF, SCPF> 4T BB
TFHD .
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FLATNESS MEASUREMENTS

nLaser Measurement System - Straightness _ =]
File Edit | Measuremen t Help
- v Automatic
Straightness plot '0-2 Sek
Flatness - Axis 2
=
T T T4 T 1 E E 2 E = E E B E = u
Distance [em]
Ds= 0,08 um|
- Czas oczekiwania 35s.
Start | /NEN g Flatnass Plot |

uuuuuuuuuuuuu [Base Length: 100 mm [ [ [End Paint Fit Method

FIG.7.4. CHANGING AXIS IN FLATNESS MEASUREMENT.
- ] I S ) XA
Optical path adjustment in the axis “1”.
1 Ol I
The straightness measurement in the axis “1” is done with the optical

components and in the way described in Chapter 6, Straightness measurements.

B HA RS S ADG o s ), S 6 T 28 A R Rk i U7
ﬁo
Optical path adjustment in the axes: “3”, “6”, “8”.

Hpeszr, “67, “87 LRI

During flatness measurements in the axes “3”, “6” and “8” an additional beam

directing mirror ZK1 is used. The way of using it is shown on Figure 7.5.
LERH <37, <o PR, JiAME AR S B ZK 1 AR A
I & 7.5 s
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FLATNESS MEASUREMENTS

FIG.7.5. THE SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “3”, “6:” AND “8”

Chle<3”, <6 A1« 8~ HARM & KA

1. The diaphragm on the laser head set to the Adjustment position,

2. The beam directing mirror ZK1 set 45° to the laser beam coming out
from the head,

3. Place the angle interferometer IK1 in the measured axis,

4. Set the diaphragm on the angle interferometer to the Adjustment
position,

5. Change the position of the head so that the beam falls in the middle of
upper interferometer’s diaphragm,

6. Set the diaphragm on the angle retro-reflector to the Adjustment

position
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FLATNESS MEASUREMENTS

7. Moving the retro-reflector along the axis, change the position of the
head so that the beam passing through the interferometer falls also in
the middle of the retro-reflector’s diaphragm,

8. After changing the positions of the diaphragms on the interferometer
and on the retro-reflector to Working positions, check if the return
beam falls in the middle if measuring opening in the head. Do the
check moving the retro-reflector along the axis. Corrections, if needed,
can be made both changing the head or the interferometer position,

9. Set the diaphragm on the laser head to Working position and check if
the level indicator on the display shows around 100%,

10.Now the straightness measurements, as described in Chapter 6, can be

made.

1. BEE B0 RE 2 AT E

2. BCEDGA SONBE S MWROG SRS OGO Al 45 ©

3.4 8 T A IK L JECZE i L=

4. VB AT ARG R 2 A &

5. EHCKERALE, ADGAHT R TIAOG B LA B ) v ],

6. A S A 0 | 21 A

7. WIS R B RO, USSR, DR HOE T, AT
J2 554 25 6 1 v ]

8. TH LT RN S I 2% IR Pl 7 B TARA )5, R A iR B IR
AT ], An SR SRR 1G o A AT I, T RS 20 SR
tro WIARFTEL, A [R]IN ARSK R BT A A

9. WEMOLL LINCRE B TAEMLE, JER A hrAe LA HEFR R 3 2
BN 100% A4,

10. UAE, HLEME, WE 6 TPk, W LLTFAAIET .



FLATNESS MEASUREMENTS

Optical path adjustment in the axes: “5” and “7”
Bl 50T R KR A

During flatness measurements in the axes “5” and *“7” two beam directing

mirrors ZK1 are used. The way of using them is shown on Figure 7.6.
PR 5 A1 7 - B, PSR B ZKT R A Dk
Kl 7.6 FTos o

FIG.7.6. SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “5” AND “7”

Chilp 57 A0 <7 B & b B DG o)
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7-9

. The diaphragm on the laser head set to the Adjustment position,

. The first beam-directing mirror ZK1 set 45° to the laser beam coming

out from the head. The position of the laser head should be regulated in
a way that the beam reflected from the first mirror runs parallel to the
axis “3” and falls on the second beam-directing mirror. The second

mirror is set 45° to the first one,

. Changing the position and the angle of the second mirror direct the

reflected beam along the axes “5” or “7” in a way the beam is parallel

to the axis,

. Place the angle interferometer in magnetic holder of the second mirror

and set it in the optical path,

. Set the diaphragm on the angle interferometer to the Adjustment

position,

. Change the position of the head so that the beam falls in the middle of

upper interferometer’s diaphragm,

. Set the diaphragm on the angle retro-reflector to the Adjustment

position,

. Moving the retro-reflector along the axis, change the position of the

head so that the beam passing through the interferometer falls also in

the middle of the retro-reflector’s diaphragm,

. After changing the positions of the diaphragms on the interferometer

and on the retro-reflector to Working positions, check if the return
beam falls in the middle if measuring opening in the head. Do the
check moving the retro-reflector along the axis. Corrections, if needed,

can be made both changing the head or the interferometer position,

10.Set the diaphragm on the laser head to Working position and check if

the level indicator on the display shows around 100%,

11.Now the straightness measurements, as described in Chapter 6, can be

made.
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1. BB WO SOG4

2. WE BTG R BE ZK1 5 WBOGSKS Mot oI 45 ° o Bok
SR E R EAE A TT 2, AT NER —ANBE I SR DG PAT Tl “37
FEATAESE DGR RO BE e S B T s Tk 45 °
3. U B FRICCE AL, SIS R OCHRH R <57 B “77, AT
TGRS HPAT,

440 M FETAURAE S I T ISR R, R TR EER T,

5. BCE ARG P B T A

6. WHSCEKIBALE, AOCHRATAETWAOE R IR AL E 1 H]

7. VAR SRR IR\ P S T R

8. VWM S it 4, CURSKEALE, MG AE A, AT A
Dt P ],

9. STV ORI R G 4 LGB B 2 TAEN B S, AR e 24T
LErP e, A R PSR IFAAR IS . I, rIVRRR B SO g . R
o SN G & S e i 2 A

10. BEEFOEL FRDGRE TAEME, JH R LR HEfR R as e 15 2
7N 100% 2247,

L BUFE, BN, W 6 mITA, WLITRIET
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FLATNESS MEASUREMENTS

Optical path adjustment in the axes: “2” and “4”
Bl 2 7 H1 47 SRR R AR

Similar to previously described, during flatness measurements in the axes “2”
and “4” two beam directing mirrors ZK1 are used. The difference is that the
angle of the second mirror usually differs from 45°. The way of using them is
shown on Figure 7.7.

ERCAHT IR BOZRAL,  AER0 2R 4™~ [ B2 & rh, PRGSO B ZK T 22
M2 ANFERE, 25 2 M1 A R A 45° A8 A&l 7.7 Br

71N o

FIG.7.7. SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “2”” AND “4”

(il <2 7RI 47 B2 s v BT P K06 2 e R4 )
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7-12

. The diaphragm on the laser head set to the Adjustment position,

. The first beam-directing mirror ZK1 set 45° to the laser beam coming

out from the head. The position of the laser head should be regulated in
a way that the beam reflected from the first mirror runs parallel to the
axis “3” and falls on the second beam-directing mirror. The second

mirror is set 45° to the first one,

. Changing the position and the angle of the second mirror directs the

reflected beam along the axis “4” in a way the beam is parallel to the

axis,

. Place the angle interferometer in magnetic holder of the second mirror

and set it in the optical path,

. Set the diaphragm on the angle interferometer to the Adjustment

position,

. Change the position of the head so that the beam falls in the middle of

upper interferometer’s diaphragm,

. Set the diaphragm on the angle retro-reflector to the Adjustment

position,

. Moving the retro-reflector along the axis, change the position of the

head so that the beam passing through the interferometer falls also in

the middle of the retro-reflector’s diaphragm,

. After changing the positions of the diaphragms on the interferometer

and on the retro-reflector to Working positions, check if the return
beam falls in the middle if measuring opening in the head. Do the
check moving the retro-reflector along the axis. Corrections, if needed,

can be made both changing the head or the interferometer position,

10.Set the diaphragm on the laser head to Working position and check if

the level indicator on the display shows around 100%,

11.Now the straightness measurements, as described in Chapter 6, can be

made.



FLATNESS MEASUREMENTS

1. WCE WO KOG B # A

2. WE DGR BB ZK1 5 WO IO R A 45 ° o W06
SR E N EAE AT AT — AN SO DG HCAT TR 37
FFATAESE DG SO BE b 26 I HE B TR Mk 45 °
3. USRS I IO BRI R, SR RO “47 , JFIDER S
BT

448 A B BOBAE S IS T INMES R R, I e s E G,

5. WCE A LTI ' P 2R AT

6. HHCKHALE, ADGHRITE T AOG R B A E A,

7. VCE A0 FE SO A IR ' P B R A

8. WYHILL RSB AT, HUBSLEAE, AOCHOEE T, WATIE R 2
o't Pl 1) e ]

9. T TR R B CRE A S B TAEN )G, R EIREDEAOE T
LR TE], A B SR 11 o S B, RIS B SO A . W
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10. BWCEBOEKL ERDGREIR TR S, JH &b BT R a2 2
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In the case of the measurements in the axis ‘“2”, the path adjustment procedure is
the same as described above The only difference is that the first mirror, as not
needed, is not used.

PR <27 Parh, gARRBO D BRE IR EiR—E), ME—ARRE, B—mE T, AW
= WA






STRAIGHTNESS MEASUREMENTS — 3D

STRAIGHTNESS MEASUREMENTS — 3D
FLE S - —

Straightness/squareness measurement highlights any bending component or
overall misalignment in the guideways of a machine. This could be a result of a
wear in guideways, a collision or poor machine foundations. The
straightness/squareness errors will have a direct effect on machine geometry and
as the result on machining accuracy. The assessment of the machine geometry is
one of the most important actions required when machine is setup.
LR/ 3 LR WU i R A LA PO AT 25 S ) B e 22 . X AT e
PUEEAY, W e ZE N LA B G R A R . LR/ T L R R R A LA
JURI =B, 2R, SWNLE R R . LS isqT e, LAy iy LT oF
il AT .

The geometry measurements are one of the most time consuming measurements,
the commonly used Wollaston prism optics is expensive and very difficult to
adjust. Operation of the system with the Wollaston prism optics requires high
skilled personnel. There are three methods available for straightness
measurement: with angular optics, with Wollaston prism and with 3D method.
JUART I e A R I TR] O FE 22—, 5 FHIY Wollaston HOGF RGuMs Bivr, R
WG . BRI B0 7 R w E AR mm RN e B =M A Fills E
ZeIE. IS, Wollaston MEEEAN =4k vk,
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STRAIGHTNESS MEASUREMENTS — 3D

The method with the angular optics was presented in section ANGULAR
MEASUREMENT. The optics with the Wollaston prism is supplied optionally.

The method 3D of straightness measurement don’t require any additional optics.
RG22 T AE A SN = C R IR . Wollaston MBI 7Tk #
HIEH] . =4 B2 I AT BT AN RO S A

For squareness measurement one additional optical element is necessary — the
optical square master. The straightness of the movement is measured by
measuring of the position of the reference and position of the measuring beams
returning to the laser head. 3D measurements offer unique possibility of
measurements of straightness in two dimensions in one measurement. This
significantly shortens the measurement time. Besides the 3D straightness
measurement are done at the same time when the positioning measurements.
After finishing the positioning cycle one can view the results of the straightness
just by pressing “Straightness” on the positioning screen. It is also possible to
measure the straightness in Straightness option in the main menu. For 3D
measurements select 3D method of measurement from the “Measurement” menu
or from the Config menu (on the main screen). The straightness measurement
software procedure is the same like for straightness measurements described in
“ANGULAR MEASUREMENT” section. In Fig. 8.1 the print screen made
during the measuring process is presented. The automatic option of the
measurement has been selected. In the left black rectangle see the position of the
retro-reflector (in mm) is displayed, while in the upper and lower black
rectangle the horizontal and vertical shift in micrometers are displayed.

X IEE R, — NS R R B - BDEEEAR . 123 H LK
JEE 30 T 0 e 2 2 o RN 3k (RO Sk B R B ) . 4Rl AR IR
o, SRAE TN YERE B E RN R R BE R . XK AR TR I T . 4B
A 5 0 R0 S A I RT [R I EAT o SERGE N SIS, e N bR e LI BRI, ]
AER HE L R . W] DI ESRBA M B BRI 2. X1 3D &, M “J
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STRAIGHTNESS MEASUREMENTS — 3D

B” PR ES N (ELpA) IS =4elE k. HE N BRI 2R
“HEENE” — TR E LN E A F . & 8.1 WoRiHE AR T T B B .
B ShEI k. EALKREORIE, AR RS E (2K Box, mE
ESATR A R AT, KFRIEE S (UKD BAL R,

F-' Lips BN EHE T } ENIES LB B S \_J _J||3|

File Edit Measurement Help

Distance [ cm ]

_0.0 1 0 mn Straightness Measurements - Vertical Axis | _22.4 !.ll]l

Distance [ cm ]

Latency 7,0 s.
Stop j j Main Menu

ab End Paint Fit tethod

FIG. 8.1 PRINTSCREEN OF STRAIGHTNESS MEASUREMENT
CHELZ 2 B 4T B e

The result of the measurements is presented in Fig.8.2. The upper trace shows
the straightness for the horizontal plane and the lower one the straightness of the
vertical plane. Parameter Dy represents the straightness error. End point fit
method was chosen for plotting the result and for calculating of the straightness

CIToT.
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FIG. 8.2 RESULTS OF STRAIGHTNESS MEASUREMENTS.
CHEZ LM FE 5
The accuracy of the straightness measurements depends on the precision of the
adjustment of the measured axis. It is recommended that the position of the
crosses during adjustment (as seen on the Display screen) procedure to be set to
the center of the screen (zero position). Vibrations of the base where the tripod
is placed, and air density fluctuations are the causes which will affect the
accuracy of the measurement. When the required accuracy of straightness
measurement for the tested machine is not satisfactory, it is necessary to

perform measurements with the use of angular optics or with the Wollaston
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prism (which gives more accurate results, but needs more time for setup

and optical path adjustment).

L JEE I SR EE IR R s At T R T o i, AR R, AR
(FESw 7R b Eal B 2D WEAEDR O (RO o BRI TT
HLJR RSN, AU LN AR 5 I R L S A 2 BT IR L 8 P R
24 JSE I FR EEANBRAR,, Sl 7 P A7 R S w2 oz i e B 0 5
CIXRe2e S AERA I 5 2R, (B 208 5 22 1A I 1) e A i 3 e i)

7-5






VIBRATION MEASUREMENTS

9

VIBRATION MEASUREMENTS
PRI &

The laser measurement system LP30-3D is capable of detecting machine
vibrations in the frequency range from 0 to 500 Hz. For these measurements an
element set for linear measurements is used i.e.: a PC computer, a laser head
with a power supply, a stand Tripod, magnetic holders (one UM1 and one UM?2),
a linear interferometer IL1, and a linear retro-reflector RL1.The Environmental
Compensation Unit - (ECU) and the temperature sensors do not have to be used.
The optical path should be adjusted as shown in Chapter 4.

LP30 - 3D BOGIERSFEREGR ARG EI 0 2 500 Hi2Z FIHL &I
BT A e Rk E, W — & PC K, A U RO
I, MG, WEESCEE (1 UMD FI—AS UM2) , ZePETHiPA IL1 fiZk
VeSS RLL. FREEAMEEAE - (ECU) MRS B b EA A . ik
A LA 4 PR,

To obtain correct results, it is necessary to select carefully the point where the
retro-reflector will be connected to the body of the measured machine. If the
point is chosen improperly then, a multiple frequencies n*f will be shown
(where n=1, 2...) on the FFT chart, instead of a sought frequency f.

For that reason the retro-reflector must not be in theses measurements used on
the magnetic holder UMI. It must be also remembered that the system measures
vibration only in the axis of the optical path. Any vibrations in perpendicular
axes do not influence the measurement (see fig8.1). An example of a properly

attached retro-reflector is shown on fig. 8.2.
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AT RAFIEM S5, A 0 BEAT 40 16 B I 4% 3 42 3 Bl I LA 1
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FIG.8.1. VIBRATION MEASUREMENT IN DIFFERENT AXES.
CAN T il 2 1) e s 0 2D
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VIBRATION MEASUREMENTS

FIG.8.2. EXAMPLE OF PROPERLY ATTACHED RETRO-REFLECTOR.
CIEAR AT 2 S st

Measurements

YU

After adjusting the optical path and choosing FFT option from Main Menu a
window, as shown on fig.8.3 appears. The most important parts of this window
are: time diagram, frequency diagram and radio buttons (on the right side).
Before measurements a machine data may be set (Edit->Machine Data). The
measurement starts after pressing the Measurement button. Then appears the
Measurement Window (see fig.8.3) that shows two progress bars — the upper
(blue) one shows the progress in measurement; the lower (green) one shows
progress in sending data to the computer. The measurement is in progress when
the upper bar is in the range of 0-100% (it lasts approx. 12s)!

OGN ESRBR kS FFT d3in, — e D, WA 8.3, ixH
M A ER e )&, SR Bk CAMD o P2 AT, AL
ae s T DORCE (>t ENLEEE D o e M, WEITaR . R
Joa, WEE D (LB 8.3) BoRMAEEEES - BT GG Bosill =it
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B, NHE (0 BoBEdh KL RSy agEe e . B p ke 4
il 0-100% i), W& EAEMT CERFEEL 1270 !

ser Measure
Eile Edit Help

ystem - Analiza czes!

© Distance

~ Velocity

© Acceleration

Sample saved: _
‘Sample send: o ‘ « Ampliude
FIG.8.3. VIBRATION MEASUREMENT WINDOW.
CHRB) I D

When both the measurement and the transmission are done, the measurement
results are presented on the time diagram and its FFT analysis on the frequency
diagram (fig.8.4). The results can be saved, printed or exported (menu File).
With the use of radio buttons the type of input data may be chosen, i.e. whether
amplitude of Distance, Velocity or Acceleration is important. In the frequency
diagram not only the amplitude of vibration frequencies may be displayed, but
also their phase, and real and imaginary part of the vibration. The check buttons
in the bottom right of the window allow to change the vertical scale of the

frequency diagram to logarithmic and to eliminate a DC offset.

WA RS e T, D5 A s AE I TR B ] (&) 8.4) FFT
Gt o SR ULORAE, FTENEEH (TR o ks, WA
PR nT Lk #e, BUANTR PR B4, 3 P slhn i i P i AR
EAR I E, ARSI IR IR Wor,  EATTEY B LA R ik 3l SR R 30
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FIG.8.4. EXAMPLE OF VIBRATION MEASUREMENT RESULTS.
(Pl & 45 R 7n D

What may be confusing in obtained results are different amplitudes of

frequencies on the frequency diagram after changing from Distance to Velocity
and to Acceleration, fig. 8.5. It happens so, according to the theory, from which
results:
1BV R, A]fE HA I R 2 R ] EAR BAN [ e, AABH S AR B, SO IH
JEARRIEEE (B 8.5) o XM Ee AN, 4iRG:

Ean ~ £y * Evy

Epn ~ £ * Ean

Where (HH) :

Ep, — amplitude of n-th frequency when Distance is selected (IEFEER
BN E 0 R FIRNED
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Ey, — amplitude of n-th frequency when Velocity is selected (i
FEPLINER n AR IRIED
Ean — amplitude of n-th frequency when Acceleration is selected
CIEHEINIE B2 n X AR IED
f, — n-th frequency (& n {XBIH) .
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FIG.8.5. DIFFERENT FREQUENCIES’ AMPLITUDES IN DEPENDANCE ON .

CPERS,  HEE, RIS AN RS A JRiED
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TECHNICAL DATA 3 A 5 ¢

System specifications 5 4t FIL A%

Measurement JlI & Range U Resolution 43 # % Accuracy &
Distance [ 2 0-30m 0,01 um (0,001 pm) 0,41 um/m
Velocity 4% 0-0,3m/s (0,1 m/s)" 0.25 um/s 0,1 %
Angular ffi J& 0 — 3600 arcsec SR> 0,04 arcsec JIFP £0,2 %
Straightness measurement 0-12m 0,02 pm (for 100 mm 1%
(with angular optics) base)
HERSEME (FAROE) (100 22K N FEAif)

0-12m 0,02 um (for 100 mm +0,5%
Flatness ~F[f] & Vertical range 2 mm base)

FEHGE2 2K | (100 KN EEAD
Straightness measurement 0-3m 0.5 um
(with Wollaston prism) + 1 %:+(0.520.15L)
BN E (Wollaston 4% Hm
B
Straightness measurement 3D 0-10 m 0,1 um (32 xL)um
HEENE (=4E) L in meter
+ 1000 arcsec JRFP 0,4arcsec 5P 1% % (1,5 arcsec
Squareness T /%
5IFD)

Rotary measurements +5° 0,04 arcsec JRF» 10,2 %

Jig e i

L = axis length in meters (R, FRAK)

* For resolution 1 nm. *J&45 73 %% Inm
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TECHNICAL DATA

Laser head J0't3k
Laser type LA Zeeman HeNe laser with frequency
stabilization %€ =2 ZU s AU LAY
Heating time TH#A Y [H] Approx. 20 min  KZJ 20 43 4F
Wavelength (vacuum) J# 4 (FH55) 632,991354 nm
Wavelength accuracy 3 K H5 & 40,02 ppm

Short time stability k& H £2 2 4

+ 0,002 ppm (1 hour) (1 /M)

Output power #ijH I 400 uW
Beam diameter Yt )R EL 1% 8 mm
Distance between out- and ingoing beam 12,7 mm
BEH G AR R R

Laser head dimensions ¥tk )X ~f 60x60x245 mm
Net weight 4+ 1500 g

Safety class ZZ4=%52

Class 2 Laser product according to PN-
91/T-06700

4 PN-91/T-06700 , J& 2 2006 i

System work conditions R 4% _LAF &4

Temperature range ¥t 5 Vo [l 10-35°C
Humidity range /% 5 [F] 10 -90 %

Power supply HLJH

Voltage H /&

90-230 VAC, 50-60 Hz

Power IJ%

35 W (during heating)(Fii# )
10 W (work) CLAERD)
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TECHNICAL DATA

PC interface H1.fixi 511

Type X% RS 232C, USB

Data rate  FU35 4% i & 57 600 bps (RS 232)

Environment compensation 315 #M3

Wavelength compensation A<M

Manual 7] Environments parameters entered from
keyboard
EERTTPANEIEZNL e 21
Automatic H#J) With the use of the Environmental

Compensation Unit - (ECU)
il A B AN EAT

Parameters of the Environmental Compensation Unit - (ECU) compensation
WEAMEEMZH

Air temperature %5 i/ Range 5[] 0 — 40 °C,

Accuracy 5% 0,1 °C

Pressure [k /] Range V& [#] 940 — 1060 hPa,
Accuracy ¥5/% 1 hPa

Humidity %2 /% Range Ju [ 10 — 90 %,
Accuracy K% 10 %

Time constants [ [ 5 % Temperature /% 3 s,
Pressure [k JJ 2s,
Humidity ¥2/5% 30 s

Dimension J~f $50x55 mm

Net weight 1§ 5 100 g
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TECHNICAL DATA

Material temperature compensation ¥ ENE &Mz

Manual T3]

Temperature of material entered from

keyboard
R A A N\ R B AR

Automatic H 3

With the use of 1 to 3 temperature sensors

R 1 5 3 MRS AL G

Temperature sensor i & 154 /& 2%

Pt-1000 in oil resistant casing

iy 2 72 Pt-1000

Time constant 5 [7] 5 %

5s

Net weight {4 T

S0g

Our products are subject to continuous further development and improvement.

Subject to technical changes without prior notice

BATHI = S AEFF SR RE— D SO AU R, BORTE SRR S5 AT 50
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