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MEASURING METHODOLOGY AND PARAMETRIC TESTS
OF ROTARY POSITIONING TABLE

Urgency of the research. The use of positioning tables as peripheral devices for production or robotic technology is an ur-
gent need for today's automated operations. Since their task is to extend the user's possibilities in the workplace, their design and
control method and, last but not least, the technical parameters must correspond to the level of machine tools and robots.

Target setting. The aim of this paper was to approach in a real case the methodical approach to the determination of
key parameters of rotary positioning units intended for manufacturing technology and robotics. The tests carried out on the
real representative gave an answer to the question of the applicability of the selected methodology for measuring selected
parameters of the rotary uniaxial positioning table.

Actual scientific researches and issues analysis. Research in this area consisted in designing a methodological basis
for obtaining relevant data useful for evaluating the technical level of the prototype being measured.

Uninvestigated parts of general matters defining. In the paper and basically also in the performance of the tests on the
VAPOS module it was not possible to perform full parametric tests for some problems related to the technical design of the
sample (prototype), therefore the proposed measurement methodology focused rather on the issue of making and justifying
the use of some building elements of the table.

The research objective. The aim of the project and the article was to verify the validity of the methodology used and to
verify the suitability of the type of reducer used in such a technique.

The statement of basic materials. The basic materials for the creation of the article were processed data from sample
measurement at our department. Some of the data contained in the measurement protocol was not difficult to disclose be-
cause it is the know-how of the department and the sponsor.

Conclusions. The conclusions of the paper and the project show the suitability of the chosen methodology and the re-
sults from measurements according to this methodology were used for further improvement of the design of the rotary table
at the manufacturer and in the development of new types of reducers of their supplier.
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Introduction. In production in robotic plants, the equipment of the robotic structure is
greatly limited by the complexity of application of the workplace. In order to achieve all the
required positions of the working tool (eg welding torch or welding tongs) (eg in arc welding
or spot welding), the workstation must be equipped with a suitable peripheral device. Such a
device serves as a tool to extend the application possibilities of the workplace.

In current technical practice, positioning rotary modules are increasingly used in machine
tools and robotized workplaces, both in the position of the next working axis of the machine /
robot and in the position of the positioning device for positioning the machine / robot tooling.

Positioning devices designed for machine tools are offered by almost all leading companies in
the manufacturing machine segment (eg Tsudakoma Corp., Japan, Nikken Comp., Japan and
others), fig. 1. Units of this type shall be manufactured in single, double and triple versions.
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Fig. I Rotary tables [7],[8],[9]

Rotary table tests. Parametric tests carried out on such devices depend on the intended
use. These tests are precisely defined in international (ISO 230-2 / 1997 - only rotary and li-
near axes in uniaxial design) and national (JIT, DIN) standards. The standard measurement
methodology resulting from the norms is to some extent adapted by individual manufacturers
according to the application deployment of such a unit.
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Types of tests. Tests performed on a rotary table can be divided into two basic groups [6]:

(a) tests of geometric accuracy achieved in the manufacture of module components;

(b) tests for accuracy and repeatability of the module stop at the programmed position of
the rotary module.

Geometric accuracy of execution of individual module components consists of a total of 8
measurements of parameters, table, ultimately determining its applicability.
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The basis for making these measurements is the methodology for verifying the
geometrical parameters of machine tools (the so-called Schlesinger methods).

The measurement chain for these tests shall consist of an odometer and a standard refe-
rence body, Table 1.

Given the accuracy and application of the tables, it is necessary to use gauges with the
appropriate accuracy class (min. 0.01 mm).
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Repeatable stopping accuracy in the programmed position (so called indexing) is based on
repeated stopping of the module table at the programmed point while measuring the absolute
repeated inaccuracy of the module stopping in this position [1, 3].

Rotary table VAPOS 300 [5]. A single-axis rotary, continuously controlled positioning
module with SIEMENS Simudrive 611 control was used to create the methodology and
perform tests to verify it. The TWINSPIN TS240 / 121 reducer (manufactured by SPINEA,
Slovakia) was used by the manufacturer to reduce the nominal speed of the servomotor.

Figure 2 shows a representation of the rotary module with its principle (arrangement of
functional parts) as well as some of its parameters.

PARAMETER UNIT VALUE
Table rotation speed min” 12124
Minimum rotation (incr.) deg 0,0001/0,00005
Positioning accuracy (index. - cumul.)| arc.sec +5/+2
Weight kg 210

Gear ratio - 1:242

Maximum load of table

vertically kg 500
horizontally kg 1000
Encoder Servomotor Table clamping_surface
Maximum axial force N 47300
[ ] - Redpaor Driving torque Nm 1620
3 (1:121 secondary
conversion) Maximum inertia of the workpiece kg.m’ 56
= Maximum torque Nm 3240 (1620)
: Maximum tipping moment Nm 5720
Toothed belt Incremental sensor
(1: 2 primary Braking torque Nm 500/ 1800
Coiersion) Clamping hole mm 28

Fig. 2. Rotary table VAPOS 300 [5]

Tests of VAPOS 300 rotary table. The positioning table was subjected (according to
customer requirements) to some kinematic tests, indexed positioning accuracy and partial
frequency analysis of the behavior of the mechanical part of the table was performed. Tests
were carried out with no load and technological load.

The technological load during the measurement was caused by the cutting process when
machining the test piece on a mechanical cantilever milling machine, fig. 3.
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Fig. 3. Measuring set (measuring string) Source: author
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a) Kinematic tests of rotary table

In the kinematic tests of the table, the measurement of the path, speed and acceleration of
the table was performed without load and at the technological load. Figures 4, 5 and 6 show
graphical recordings of measured paths, speeds and accelerations without load. The
measurement of the kinematic characteristics of the table was performed by the DSS-5L cable
track sensor with the MIS-3 measuring card and the ProMeS evaluation software.

Figures 7, 8 and 9 show graphical records of the measured course of the path, speed and
acceleration of the load table.
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Fig. 4. Table path (no load) Fig. 5. Table speed (no load)
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Fig. 8. Table speed Fig. 9. Table acceleration
(with load when indexing) (with load when indexing)
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b) Table tests of accuracy when indexing

The indexed table accuracy test methodology is described (for uniaxial tables) by the interna-
tional standard ISO 230-2 / 1997. Every company producing rotary modules is bound by this
methodology. This consists of programming the rotary module for repeated stopping at the meas-
ured points, and deviations from the programmed value are read and recorded. Measurements are
made at eight or sixteen points while turning the table CW and CCW. Measurement of deviations
is usually performed by a precision rotary encoder (incremental, encoder, etc.). A graphical repre-
sentation of the deviations measured according to this methodology is shown in Fig. 10.

The VAPOS table measurement methodology was carried out in a modified version, as
the rotary module delivered for testing was not equipped with the necessary sensory equip-
ment and the positioning surface did not have the required parameters (it was a prototype).

We chose the aiming system of targets fixed in the positions of the clamping holes
(6xM16) with the laser sensor ZX-LD 100 from OMRON.

A graphical representation of the course of the measured deviations is shown in Fig. 11.
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Fig. 10. Positioning accuracy CCW/CW Fig. 11. Modified positioning accuracy
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¢) Table frequency analysis
The rotary table vibrations were measured only in a tangential direction by the piezoelectric
acceleration sensor (ADASH, Czech) at a radius of 128 mm from the center of the table rotation.
The table operation modes were identical to those loaded during the kinematic test and in-
dexed positioning accuracy measurements.
The graphical waveforms of the measured table vibrations are shown in Fig. 12 and 13.
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Fig. 12. Table frequency analysis (a) Fig. 13. Table frequency analysis (b)

Conclusions. Positioning rotary modules, as a tool for increasing technological parame-
ters of production equipment performance, will continue to be increasingly used in technical
and technological practice. their users.
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METO/IUKA BUMIPIOBAHHSI I TAPAMETPAYHI BUITPOBYBAHHS
IMMOBOPOTHOI'O MO3UIINHOI'O CTOJY

Axkmyanonicmes memu 00Cni0NceHHA. Bukopucmanms nozuyitihux cmoinié 6 skocmi nepughepitinux npucmpois ons 6u-
POOHUUUX aDO POOOMUZ08AHUX MEXHONIOZIU € HALATLHOK NOMPeOOoIo O CYHACHUX agmomamu3oeanux onepayiil. Ockineku ix
30680aHHs NONARAE 8 POSUUPEHHT MONCTUBOCEN KOPUCIMYBAYA HA POOOYOMY Micyi, CnociO ix NpOeKmy68anHs ma ynpaeiinHs
a maKodic, Wo He MEeHW 8AXCIUBO, MEXHIYHI napamempu NOGUHHI 8I0N08I0amu PieHI0 6epcmamie i pobomis.

Ilocmanoeka npoonemu. Memoio danoi pobomu O6yi0 HAONUZUMU 8 PEATbHOMY BUNAOKY MEMOOUUHUL NiOXI0 00 8U3HA-
YEHHSL OCHOBHUX NAPAMEMPIE 00EPMOBUX NOZUYITIHUX 8316, NPUSHAYEHUX 05l BUPOOHUYUX MA POOOMU0BAHUX MEXHONOZIL.
Bunpobysanns, nposedeti Ha peanbHOMy NPeOCmagHUKy, 0anu 8ion08idb Ha NUMAHHS NPO 3ACMOCOBHICTG 0OPAHOL Memodo-
10211 01151 BUMIPIOBAHHSL BUOPAHUX NAPAMEMPIE NOBOPOMHO20 0OHOBICHO20 NOZUUITHO20 CIOTLY.

Ananiz ocmannix 0ocnioxcens i nyonikauiii. /locniodxcenns 6 yiil 2any3i noaseanu 6 po3pooyi memooonociunoi obasu
0151 OMPUMAHHSL 8IONOBIOHUX OAHUX, KOPUCHUX OJISL OYIHKU MEXHIYH020 PIBHS 0OCIIONCYBAHO20 NPOMOMUNA.

Buoinenns neoocniosycenux uacmun 3a2anvbHoi npooaemu. Y cmammi ma 8 0CHOBHOMY NpU GUKOHAHHI UNPOOYEAHD
na mooyni VAPOS ne 60anocsi euxonamu noeui napamempuyti eunpodysants 0iisi 0essKux 3a0ay, noe'si3anux 3 mexHivHum
OU3AUHOM 3pasKa (Mpomomuny), momy 3anponoH08aHA MemoOOo02ia GUMIPIOBANHS OVIA CKOpiuLe 30CePedd’CeHa Ha NUMAHHI
CKAAOAHHS Ma 0OTPYHMYBAHHS BUKOPUCTIANHS 0esIKUX eeMeHmi8 KOHCIMPYKYiT cmoity.

Ilocmanoeka 3aedannsn. Memoro npoexmy ma cmammi 6y10 nepegipumu 0OIPYHMOBAHICMb BUKOPUCTNOBYBAHOT Memo-
00710211 ma nepesipumu 8i0N0GIOHICMb MUNY PEOYKMopd, W0 6UKOPUCINOEYEMbCS Y MAKI MexXHiyi.

Buknao ocnosnozo mamepiany. Ocnosnumu mamepianiamu Onsi CmeopeHust cmammi 6yau 00pobieni 0awi 3 8UOIPKOBUX
BUMIPIOBAHDL Y HAWOMY GIO0INi. Jleaki Oami, wo MiCmambcs 8 NPOMOKONI GUMIPIOBAHHS, OYNI0 8AJICKO POSKPUMU, OCKIIbKU e
HOY-Xay 8i00LTy ma CnoHCcopa.

Bucnoexu ionogiono 0o cmammi. Bucnosku 3 yici cmammi ma npoekmy nokasyloms npuoamuicms 00panoi memooo-
J102il, a pe3yibmamu UMIPIOS8anb 8I0N0GIOHO 00 Yiel MemOoOON0Il UKOPUCOBYBATUCH OISl NOOAILULOCO 800CKOHAICHHSL
KOHCMPYKYIT NOBOPOMHO20 CIMOY Y 8UPOOHUKA MA NPU PO3POOYI HOBUX MUNIE PEOYKMOPIE iX NOCIAYATbHUKOM.

Kniouosi cnosa: memoouxa,; nogopommuuii cmin; mounicms, inoexcayis; napamempuyne UnpoOy8anis..
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