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UAEHTUOUKALIUS

U HACTPOWKA
FEOMETPUYECKUX

U AMHAMMWYECKUX OLIUBOK

H.I1. Tapacos', H. B. Bypos', A. 1O. ITuwanos?

1AO «JleHuHepadckue JlazepHole Cucmembl», CAHKM-
ITemepbype, Poccus

ZStanda Ltd, Buastioc, Tumea

B o61acTsAX NpOU3BOACTBA, FAe peyb MAeT 0 MUKpO-
M HAHOMEeTPOBbIX 3Ha4YeHUsX (nasepHas peska,
cKkpanbupoBaHue, nutorpagus, ronorpadus,
3D-NPUHTUHT, aaAUTUBHbIE TEXHONOTMU U T. 4.),
ype3BblYaMHO BaXKHO o6ecne4ynTb CTabUIbHOCTb

M NOBTOPSAEMOCTb 3HAYE€HUN FreOMeTpUYeCcKuxX

M AUHAMUYECKUX OLINGO0K MHCTPYMEHTa/IbHOro
o60pyA0BaHUS B X0, TEXHOIOrMYeCcKoro
npouecca. B YacTHOCTU, OCHOBHbIMU NapamMeTpamMu,
XapakTepusyrownmMmmn Ka4eCctBo MexaHU4Yeckmnx
No3MLMOHEPOB, ABASAIOTCA: TOYHOCTb, ABYXCTOPOHHSS
NoOBTOPAEMOCTb, OLINGKA OTCIEXUBAHUSA U BpeMs
3aTyxaHus. ina apdekTMBHOro ynpaeneHus
ABWXXeHUueM n nosayvyeHus TOYHOM reomMeTpuun
n3genus Heo6xoaAMMo o6ecneynTb BbICOKOYACTOTHOE
ce/ZleKTUBHOe BeKTOpHOe ynpaB/ieHUs TOKOM

M NpOBECTU CeIeKTUBHYIO Ka/IM6pOBKY CTaTUYECKMX
owun60K No3uLMOoHepa. B cTaTbe NpoaHanM3npoBaH
OJMH 13 CN0C060B YMeHbLUEHUS 3HAaYEeHUM

OLWKUBOK 1 NOBbILLEHNA KayeCTBeHHbIX napameTpos
nosuvumoHepa.

AHAIN3 ANHAMWYECKNX OLLUUBOK

PaboTa Haj OUHAMHUYECKUMMH OIMIMHOKAMH M OIITH-
MH3allMed I[apaMeTpoB yIpaBleHHUS 3aK/II04YaeTcs
B YETKOHM HAEeHTUPHKALUU KO3PPULIMEeHTOB Iepena-
TOYHOU QYHKIUKU OTKPBITOH 3JIeKTPOMEeXaHHUYeCKOU
CUCTEMBI U CeIeKTHBHOM aJalTallduu IepeJaTouHOH

KoMmnaHus «JleHUHrpagckue JlasepHble CUCTEMbI»
npeacTas/sieT BeCb CNeKTp npoaykumm Standa Ha
Tepputopun PO 1 npegnaraet Hambosiee BbIFOA-
Hble YC10BMNA MOCTaBKMU NPOAYKLMN, MOSHYIO TEXHU-
4yeckyto NoAdep>KKy, a Takxe nocTaBky 0b6pasLioB.
Ang nonyyeHUs AOMOAHUTENbHOW WHGOPMALUK
obpawanTecb B kKomnaHuto JI1C.
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IDENTIFICATION

AND ADJUSTMENT

OF GEOMETRIC

AND DYNAMIC ERRORS

I.P. Tarasov', N.V.Burov', A. Yu. Pishchalov?
1JSC «Leningrad Laser Systems», Sankt-Peterburg,
Russia

ZStanda Ltd, Vilnius, Lithuania

In the areas of production, where we are talking
about micro and nano-meter values, which include
laser cutting, scribing, lithography, holography, 3D
printing, additive technologies, etc., it is extremely
important to ensure the stability and repeatability
of geometric and dynamic errors in process time. In
particular, the main parameters characterizing the
quality of mechanical positioners are: precision, two-
way repeatability, tracking error, and decay time.
To obtain high-quality motion control and accurate
product geometry, it is necessary to provide high-
frequency selective current vector control, and to
perform a selective calibration of static errors of the
positioner. This article analyses one of the ways to
reduce errors and improve the quality parameters of
the positioner.

DYNAMIC ERROR ANALYSIS

The work on dynamic errors and optimization of
control parameters consists in clearly identifying
the coefficients of the transfer function of an open
electromechanical system and selectively adapting the
transfer function to certain characteristics of inertia
and displacement modes [1]. The following is the basic

equation (1) of an open system, including mechanics,

a motor, and a regulator:
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Fig. 1. Stand for identification of the transfer function W, <(s)
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GYHKIUMH II0A, oIlpe/leleHHble XapaKTePUCTHKK HHep-
LMK K PeXUMOB IlepeMellleHHs [1]. OCHOBHOe ypaB-
HeHHe IIepefaTouHon OGYHKIUU Wi 5(s) OTKpBITOH
CHCTeMBI, BK/IIOYAIOIIEN MeXaHUKY, MOTOP U perys-
TOP UMeeT BU/[:

(s) DP(S)
Wors "~ CP(s)
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YpaBHeHHe (1) xapaKTepHU3HpyeT IIOTHYIO apXUTeK-
Typy [O3uLIMOHepa (MOTOp, MexaHHYecKHe COCTaB-
nsiomue) U ynpaeaeHUs: (LUPPoBbIX GUABTPOB, PID
perynsTopoBs). [ns uAeHTUOHKALMU IepefaTOYHOMN
dyHkunu W, (s) ucronpsyercst creHp (puc. 1), KoTo-
PBIH [IOCTPOEH Ha OCHOBE MOTOPH3HPOBAaHHOIO IIO3H-
LIMOHepa Standa 8MTL1401-300-LEnl-XXX (TexHuue-
CKHe ITapaMeTphl IPUBELEHE! B Tab1. ).

I[Ipy MepBUYHOU HIeHTHPHUKALHUHA HCCIenye-
MOM CHCTeMBbI BHUJHO, YTO AMHAaMHUecKas oumbka
CHCTeMBl COOTBeTCTBYeT ~10! MM (puc. 2a) Bo BpeMs
3aTyxaHus ~180 Mc. ITocie HACTPOHMKH peryasaropa
M aJanTalldu IepefaTOuyHOM OQYHKUMH Wy 5(s)
omubKa YMeHBIIHIACh ITPAKTHYECKH B 10 pa3, TO eCTh
1o ~1072 mM (puc. 2b).

The equation (1) characterizes the complete
architecture of the positioner (motor, mechanical
components) and control (digital filters, PID
regulators).

To identify the transfer function (1), the
following stand is used (Fig. 1), which is
based on the motorized positioner Standa
8MTL1401-300-LEn1-XXX.

During the primary identification of the
system, it can be seen that the dynamic error
of the system corresponds to ~10! mm (Fig. 2a)
during the decay time of ~180 ms. After adjusting
the regulator and adapting the transfer function
Wois(s), the error decreased almost by 10 times,
i.e., to ~102 mm (Fig. 2b).

It is important to note that the exact
identification of the W, transfer function
and its selective tuning influence the two-way
repeatability [2,3]. The two-way repeatability can
be measured by an external laser interferometer
and, after professional tuning, can correspond to
the system resolution (Fig. 3).

“Leningrad Laser Systems” represents the
whole range of Standa products in the terri-
tory of the Russian Federation and offers the
most favourable conditions for the delivery
of products, full technical support, as well as
the delivery of samples. For more information,
contact“LLS".
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Puc. 2. Owu6Ka omcaexusanust npu pasHoM COCMOSIHUU pezyAsmopa: d) owu6Ka omcaexusanust 90 Hacmpoliku We, 5(s);

b) Owu6ka omcaexcuganus nocae Hacmpoliku W, ()

Fig. 2. Tracking error with different states of the regulator: a) before setting up Wy, 5(s); b) after setting upWe, <(s)

Ba>kHO OTMeETHUTb, UYTO Ha [ABYCTOPOHHIOI IIOBTO-
psieMOCTh BJIHSIOT TOYHAsi HUAeHTUOHUKALIMUS IIepe-
natouHor OYyHKUMH Wy 5(S) U ee celeKTHUBHas
HacTporKa [2, 3]. JIByXCTOPOHHSSI IOBTOPSIEMOCTb
M3MepsieTCs BHEIIHUM JIa3epHBIM HHTepPhepoMeTpoM
U TI0C/Ie ITPOJeCCHOHANIBHOM HAaCTPOMKH MOXKET COOT-
BeTCTBOBATh Pa3pelleHHI0 CUCTeMBI (PHC. 3).

AHANN3 CTATUYECKOM OLLUUBKNA
(HETOYHOCTU) CUCTEMDI

I[Toc/e TOro Kak KOHTYP, BOCIIPOM3BOJMMBIN MeXaHH-
YeCKOU CHUCTEMOM, CTAHOBUTCS CTabMJIBHBIM BO Bpe-
MeHH, a TaKKe HMeeT BBICOKYIO IIOBTOPSIEMOCTb, Heob-
XOIVMO ITPOBECTH HACTPOMKY CTAaTHYeCKUX OIIHOOK.
CTaTryecKye OMIKUOKU (TOYHOCTH) 3aBUCAT OT IIOTpell-

ANALYSIS OF STATIC ERRORS
(INACCURACIES) OF THE SYSTEM
After the contour reproduced by the mechanical
system becomes stable over time and also has a high
repeatability, it is necessary to adjust the static
errors. Static errors (precision) depend on the quality
(tolerances) of parts and the assembly process, and do
not depend on the dynamics of the system. In order
to compensate for the inprecision of the system, it is
necessary to calibrate the straight line in the case of
movement along one axis X, or the calibration matrix
in the case of movement in the XY plane.

The following is an example of using an external
measuring system (Fig. 4) - a laser interferometer that
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Fig. 3. Two-way repeatability
after setting Wy, 5(s)

70 90 110 130 150

26 ®OTOHMUKA TOM 13 N2 12019



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
I TECHNOLOGIES & TECHNOLOGY EQUIPMENT
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

Puc. 4. Npumep kanu6poso4Ho20 cmeHda AuHeliHoU
noo8UXKKU
Fig. 4. Example of linear motion calibration stand

HOCTH M3TOTOBJIEHHUS (JOIYCKOB) AeTalel U KauecTBa
cbopouHoOro mporecca M He 3aBUCAT OT JUHAMUKHU
cucTeMbl. [IJis TOro 4Tob6bl KOMIIEHCHUPOBATb HETOY-
HOCTb CHCTeMBbI, HeobXoAMMO HMeTb KaJIHuOpoBOU-
HYIO IPSMYIO (B C/lydae JBMDKEHHUS 110 OOHOM OoCH X),
nmub0 KaMIM6POBOYHYI0 MATpHUL (B Cydae IBISKEHHUS
B IUIOCKOCTH XY).

[IpeACcTaBUM IIPUMEP HCIIONB30BAHUSI BHEII-
Hell H3MepUTeNbHOM CHCTeMBl (puc. 4) - nasep-
HBIF UHTepdEepoMeTp, KOTOPBHIF I103BOJSET MHHH-

MapameTpbl cnctembl SMTLI20XY
Parameters of system 8MTLI20XY

Mopenb no3nunoHepa

o 8MTL1401-300-LEn1-200
Positioner model

onTnyeckun,
Tun sHKomepa undposon (RS-422)
Encoder type Optical,

digital (RS-422)

200 HM
200 nm

Pa3pelueHne sHKoAEepa
Encoder resolution

minimizes the static error from 17:103 mm to <1073
mm (Fig. 5).

DESIGN FEATURES

OF THE MOTORIZED POSITIONER

USED TO IDENTIFY

THE TRANSFER FUNCTION

Standa motorized positioner series 8MTL1401-300-

MH3HUPOBaTh BEJIHYMHY CTaTHU4YeckKoM omubku || LEnl-200 is based on three-phase linear servo
ot 17-107 MM go <1073 MM (puc. 5). technology (Fig. 6). Direct drive allows the user
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Puc. 5. ToyHocmb 8MTLI401-300-LEN1-200: a) neped kaaubposKkoli; b) nocae kanu6posku
Fig. 5. Precision of 8MTL1401-300-LEn1-200: a) before calibration; b) after calibration
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KOHCTPYKTUBHbIE OCOBEHHOCTHU
MOTOPU3INPOBAHHOIO NMNO3ULIUOHEPA,
MCMNONb3YEMOI'O AN MVAEHTUD®UNKALIUN
MNEPEOATOYHOWM ®YHKLUUMN
MoOTOpPHU3UPOBAHHBIM [TO3UIIHMOHEp KOMIIAHUHU Standa
cepun 8MTL1401-300-LEn1-200 (prc. 6) ocHOBaH Ha
TeXHOJIOIHM TpexPa3HOro JUHEHHOI0 CepBOIIPUBOAA.
[TpsiMoOIl IPHBOJA I103BOJISIeT I10/Ib30BATENI0 OCYIECT-
BJISITh JBHKEHHE C HYJeBBIM JTIOPTOM C BBICOKOH TOU-
HOCTBIO, IIOBTOPSIEMOCTBIO U HHU3KHUM K03ddHUIIMEeH-
TOM TpeHHsI.

B KkaudecTBe cHCTeMBI OOPAaTHOM CBSI3K MCIIOJIB3Y-
€TCsl TUHEeNHBIM OeCKOHTAKTHBIM ONTHYECKHUN 3HKO-
nep, obecrieuBaIOIIUI [IPSIMOM KOHTPOJIb IIepeMelle-
HHSl ¢ CyDPHAHOMETPOBBIM pa3pelleHHeM [BI>KeHUS.
EcTecTBEHHO COCTapeHHBIM AJIOMHUHHUEBBIN CIIJIaB
TapaHTHUPYeT BBICOKYIO TeMIIepPaTypHYIO CTabuIb-
HOCTb U IIPeBOCXOJIHYIO UIUTE/IbHYIO KUHEMATHKY 6e3
Iperida HaIIpaBISIOMIEN CUCTEMBL [4].

YCTpoHucTBO obnazaer ClenymoIMMH 0CODeHHO-
CTSIMH:

*  CBepxIpeLu3HuOHHOe NBUKeHUeE,

e JInamasoH mepemelneHus: 300 MM;

e Tumn sHKOZepa: 6eCKOHTAKTHBIM, OIITUYECKUH;
e DPaspemeHue s3HKoAepa: 200 HM;

*  BeIcoKkas TOYHOCTb IMHEHMHBIX HAITPAB/ISIOIHX.

3AKJ/TIOYEHUE

KauecTBO cHCTeMBI YIIpaB/IeHHS 3aBHCHUT OT €€ TOY-
HOCTH. AHaJIM3 IIapaMeTpoB IIOABMKKHU IIOKas3all,
YTO I0AOOpP ONTHMAJIBHOM apXHUTEKTYPhl Pperyssi-
TOpa, a TAaKKe ero celeKTUBHAas HaCTPOMKa I103BOJIseT
OOCTUYb YPOBHS AUHAMMYECKO! OMHKOKU 10 HECKOJIb-
KUX MHKPOMETPOB, a 3HayeHHe BpeMeHH 3aTyxa-
HHSI CTAaHOBUTCS paBHBIM 100-200 McC; celeKTHBHas
HAaCTPOMKA AHHAMHUYECKOM CHUCTeMBI obeclieduBaer
BBICOKYIO [BYXCTOPOHHIOIO IIOBTOPSIEMOCTb, COOT-
BeTCTBYIOINYIO 3HAa4YeHHUSIM pa3pelleHUs 3HKOIepa.
Taxke B pe3y/abpTaTe OIBITOB ObLIA yCTAaHOBIeHA HeoO-
XOIUMOCTh KATHOPOBKU CTATUYECKOH OMIMOKU UHTEP-
depoMeTpoM, UTO II03BOJH/IO HOCTUTHYTH abCOMIOT-
HOM TOYHOCTH CUCTEMBI 10 <1073 MM.
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Puc. 6. Momopu3uposaHHbIl nNo3uLLoHep cepuu
8MTL1401-300-LEN1-200 [4]

Fig. 6. Motorized positioner

Series 8MTL1401-300-LEnT-200 [4]

to move with zero play with high precision,
repeatability and low friction coefficient.

As a feedback system, a linear contactless
optical encoder is used, which provides direct
motion control with subnanometer motion
resolution. Naturally aged aluminum alloy
guarantees high temperature stability and
excellent long-term kinematics without a drift of
the guide system [4].

The device has the following features:

» Super precision movement;

e Range of movement: 300mm;

» Encoder type: non-contact, optical;

« Encoder resolution: 200 nm;

» High-precision linear guides;

CONCLUSION
The quality of the control system depends on its
precision.

The analysis of the parameters of the shift
showed that the selection of the optimal
architecture of the regulator, as well as its
selective adjustment allows to achieve the level
of dynamic error up to several micrometers,
and the value of the decay time becomes equal
to 100-200 ms; selective tuning of a dynamic
system provides high two-way repeatability
corresponding to the encoder resolution
values. Also, as a result of experiments, the
need for calibrating the static error with an
interferometer was established, which made it
possible to achieve the absolute precision of the
system up to <107 mm.





