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EXPERIMENTAL METHOD FOR VERIFICATION OF PERFORMANCE
CRITERIA OF THE INDUSTRIAL ROBOTS

Urgency of the research. The interest in this issue is growing. By creating a suitable solution, it is possible to detect
damage to the robot. Based on the 9283 standard, a methodology was proposed, according to which it is possible to experi-
mentally measure the working characteristics of industrial robots.

Target setting. The main goal was to design a methodology on the basis of which methodological sheets could be devel-
oped and to develop and evaluate experimental measurements with the help of these sheets.

Actual scientific researches and issues analysis. Analysis of the publications shows that at present the data acquisition systems
about the working characteristics of industrial robots are currently very expensive. These systems use laser interference method.

Uninvestigated parts of general matters defining. This paper is focused on the analysis of a suitable method and the
creation of measuring devices for experimental measurements.

The research objective. The aim of this research was to create a methodology for measuring quantities. Creation of suitable
means and subsequent evaluation of measured values. Data collection using Matlab software should be improved in the future.

The statement of basic materials. The analysis consists of the ISO 9283 standard. After a thorough analysis, methodo-
logical sheets and measuring devices such as measuring nest were created.

Conclusions. Since there is a robot in the department with positioning inaccuracies, it was decided to try to create a
suitable tool that would be able to analyse this robot in more detail and obtain data on working characteristics.

Keywords: mechanical vibration; mechanical systems; damage; vibrodiagnostics.
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Problem definition. Robotics covers the areas of development, research, design and use of
robots. It combines knowledge from several scientific disciplines from mathematics, electrical
engineering, mechanical engineering, economic to biology. In recent decades, various materials
and new technologies have been developed. The deployment of all new robotic applications in
which the performance requirements of robots change frequently is closely related to this. Man-
ufacturers are constantly striving to improve production processes to reduce errors and costs.
These requirements are taken into account when deploying robotic applications [1].

The most important factors in choosing the correct robot are the accuracy and repeatability
of the robot. The choice of the correct robot to perform the intended task consists in getting to
know all the working characteristics of the robot in the whole degree of work deployment. One
of the other problems is the economic side of the deployed robot. Small companies do not have
the capital to provide a new, fully functional robot that can be safely deployed in a robotic
application, so it is often the case that small companies are indirectly forced to buy a robot that
has already been deployed in operation [2].

It often happens that these used robots are already on the verge of usability. It often happens
that the information about the use of the robot is unknown, and this also applies to the mainte-
nance data. Sometimes a robot has a collision with an object in its workspace and this leads to
deformation of the arm or damage to other parts. The robot could work at higher loads than
prescribed by the manufacturer, which affects the wear of the joints and this leads to a deterio-
ration in the repeatability and overall accuracy of the robot [3].

By measuring the working characteristics of the robot, it is possible to determine the overall
condition of the robot and then it is appropriate to evaluate whether such a robot meets the
requirements for its re-deployment in operation [4].

The main standards for robotic systems and their general characteristics, safety and ter-
minology are:

ISO 10218 — safety requirements for industrial robots,

ISO 13482 — safety requirements for personal care robots,

ISO 9283 — performance criteria and related test methods,

ISO 9787 — coordinate systems and motion nomenclatures.
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Overview of the standard for experimental measurements. The measured object was an
industrial robot of the Scara kinematic structure from the manufacturer Yamaha. This robot is
integrated into the educational process and is used mainly for handling operations in laboratory
conditions. These measurements were subject to the ISO 9283 standard and are described in
more detail at Table 1 [3].

Table 1
Overview of 1SO 9283
Load -
Charakteristics (%vr;TLT;;nal enominal el yfmﬁ! :q(:e:::?::g( ::rllat:;
50% | 100% |10% | 50% | 100%

1. Pose accuracy A B INN B 30 | P1-P2-P3-P4-Ps
2. Pose repeatability M B INN B 30 | P1-P2-P3-Pa-Ps
3. Distance accuracy and distance repeatability | ] | ] | | N | B 30 P1-P2-Ps
4. Distance accuracy O B |INN B 30 P2-P4
5. Distance repeatability O BINN R 30 P2-P4
6. Pasition stabilization time N B AR 3 | P1-P2-P3-Ps-Ps
7. Position overshoot I B [ ] 3 P1-P2-P3-Pa-Ps
8. Drift pose accuracy OR|O0O0 8 * P
9. Drift pose repeatabl ity OB \IOO B * P1
10. Path accuracy A HE IR BN | 10 %
11. Path repeatability Il Bl IR Bl | 10 ok
12. Comering round-off error O BB B B 3 E1-E2-E3-E4
13. Cornering overshoot mE BNI B BN | 3 E1-E2-E3-E4
14. Weaving stroke arror i HE IR Il | 3 Ei-E2-Es-E4
15. Path velocity accuracy N BINBR B 10 *%
16, Path velocity repeatability M B IN B B 10 *k
17. Path velacity fluctuation A BINBD B 10 %
18. Minimum posing time A BION B 3 Fhk
19. Static compliance Hokokok 3 P1

* - continuos operation - 8 hours O - non-required

** _linear path E1-E3and E3-E1 R -optional

*+%_ more information in the standard B requied

*A*% 10 % increase in load from 10% to 100%

Conditions of measuring. The conditions for carrying out the measurement must be in
accordance with the manufacturer's recommendations, in particular as regards installation. The
robot should be functional and, according to the manufacturer, properly mounted and all bal-
ancing should be satisfactory. If a warm-up operation is specified, it should be performed. The
standard specifies an ambient temperature of (20+2) °C or in the range of 5 to 40 °C [5].

Measurements were performed at an ambient temperature of 20 °C on an industrial robot
URS with an appropriate control box and control pendant. The verification was performed using
a mechanical connection of a flange and a load of 5 kg. The measured points on a given meas-
ured plane were also determined by the standard and the location of the measuring cube and the
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measuring ball. The test cycles were in accordance with the standard. The vertices C1 to C8
denote the vertices of a simple cube, which is located in the part of the working space where
the most frequent use of the robot is assumed, Fig. 2.

Fig. 1. Measuring plane

Measuring object. The measurements were performed on an industrial robot of atypical
kinematic structure, Scara from Yamabha. It is an industrial robot that is flexible in the x and y
axes and fixed in the z axis. From the point of view of the proposed construction, this structure
should handle demanding operations with the object of manipulation. An available Yamaha
YK-600X robot, Fig. 3 with QRCX-RCX 240 controller, was used for measurements. The ro-
botic device consists of three basic parts [6]:

- industrial robot,

- controller,

- teach pendant.

Fig. 2. Yamaha YK 600X

In technical practice, this method is the most used, it is a method that uses measurements of
geometry parameters of spatial mechanisms. The basis is the measurement of the deviation of
the achieved (actual) position and orientation of the reference body in the working space of the
mechanism from the programmed (desired) position. This body can have different shapes.

In the mentioned measurements, a cube or a sphere is used (so-called calibration mandrels are
also used). The method is based on measuring the change in position and orientation of a reference
body in space. The measuring cube must be geometrically accurate (polished) and is used to
measure position and orientation. The measuring ball must also be geometrically accurate for
position measurements. These bodies are mechanically attached to the robot interface (mechani-
cal connection). The second method, which was used in the performed measurements, was the
method of measuring with a cubic reference body, i.e. the so-called measuring cube. This method
involves placing the housing in a measuring socket where the sensors are clamped [7].

44



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

The measurements were performed by stopping the body at the test point during the first
cycle, which made it possible to reset all sensors. Plate stops were fitted at the ends of the
sensors. The next step was to run a program that guaranteed repeated entry and exit of the body
into the measuring nest. This gave deviation values from the first reference value. Measuring
nest with measuring ball is shown at Fig. 4.

Fig. 3. Measuring of robot Scara

Parts of realized measuring:

1) end flange of robot,

2) intermediate flange,

3) flange of measuring parts,

4) nominal load,

5) measuring ball,

6) sensor

7) measuring nest.

Experimental measuring. Formulas from the standard were used to calculate all values. We
focused mainly on the values of these working characteristics: pose accuracy, pose repeatability,
drift pose accuracy and drift pose repeatability. Overall, the measurements were tested on industrial
robots, which did not show any deviation during manipulation or simulation. The measurements
were evaluated as satisfactory and therefore this methodology was applied to a Scara robot [8].
Pose accuracy measurements were performed at five points with 100 % load and 100 % speed.
30 measurements were performed and Tab. 2 shows the calculated values.

Table 2
Values of AP

N.m. P1 P2 P3 P4 P5

1 2 3 4 5 6
1. 0,0255999349 0,0084903213 0,0046888757 0,0035744463 0,0089612747
2. 0,0142626552 0,0065027345 0,0042093811 0,0029399546 0,0022886192
3. 0,0113117933 0,0118216844 0,0038103660 0,0028711206 0,0028468306
4. 0,0051791248 0,0063313155 0,0072745370 0,0045727453 0,0039880377
5. 0,0127732794 0,0063049363 0,0052521953 0,0045434935 0,0039206009
6. 0,0087952639 0,0036173962 0,0008863157 0,0018556221 0,0085188679
7. 0,0297661441 0,0033593981 0,0046027769 0,0054506880 0,0079059752
8. 0,0070064256 0,0056289924 0,0054023657 0,0061625211 0,0085773604
9. 0,0118500352 0,0071006260 0,0060541079 0,0015842980 0,0085812457
10. 0,0137388743 0,0028552097 0,0050976029 0,0028942472 0,0070406755
11. 0,0090529921 0,0059737388 0,0096946148 0,0030946190 0,0039120895
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The end of the table 2
1 2 3 4 5 6
12. 0,0175866427 0,0067294543 0,0051236922 0,0066214299 0,0024841721
13. 0,0109189438 0,0056526297 0,0070322274 0,0056783213 0,0025634179
14. 0,0138042264 0,0050483221 0,0073474863 0,0017823206 0,0056543002
15. 0,0099376389 0,0074845767 0,0078730906 0,0033630343 0,0050567886
16. 0,0099141313 0,0068618915 0,0037752115 0,0050441385 0,0504371336
17. 0,0043844422 0,0101629501 0,0050582166 0,0068685273 0,0069453422
18. 0,0059180515 0,0091370430 0,0051366872 0,0032419130 0,0065093096
19. 0,0100609807 0,0091114702 0,0076758640 0,0015416441 0,0057362396
20. 0,0047843495 0,0079552219 0,0068982284 0,0055235858 0,0066360966
21. 0,0091445795 0,0053869183 0,0017470610 0,0033030289 0,0092035017
22. 0,0088820043 0,0056585236 0,0076497640 0,0052258971 0,0053886712
23. 0,0238695762 0,0036173962 0,0048838737 0,0034799425 0,0070406755
24. 0,0182013736 0,0070156175 0,0087551255 0,0033231511 0,0058341904
25. 0,0132924791 0,0045627721 0,0132105597 0,0024172988 0,0045939574
26. 0,0067347358 0,0051979697 0,0115924784 0,0041444742 0,0045575334
217. 0,0111425610 0,0060952623 0,0096048020 0,0033231511 0,0068243030
28. 0,0124615408 0,0052490211 0,0038797193 0,0033827996 0,0039628833
29. 0,0165777964 0,0085138449 0,0036495053 0,0036299679 0,0040707630
30. 0,0200538442 0,0037263327 0,0100325581 0,0063542637 0,0063380684

Altogether, more than 500 measurements were measured, which were then evaluated. The
values were plotted.
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Fig. 4. Graph of plotted values — pose accuracy — AP

The calculated values from the measurements exceed the values specified by the manufac-
turer, while the measuring point P5 exceeds the values up to three times. This measurement
proves that the measured robot exceeds the limits and is thus evaluated as unsatisfactory.

Conclusions. International Standard ISO 9283 further specifies performance criteria for
industrial robots and their performance characteristics. The main goal was to design a method-
ology according to this standard and then test it on a Scara robot. By creating a measuring nest
and using the measuring technique, this robot was experimentally verified. Based on the work-
ing environment of the robot, the size of the measuring cube or sphere was defined. It was also
necessary to create a program according to the required path of movement of the robot, speed,
acceleration, but also the number of cycles that were to be repeated. Overall, a large amount of
data to be processed has been measured. In the future, it would be possible to improve data
collection and thus obtain even larger amount of data.
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EKCHEPI/IMEHTAJII)HI/.I.I?'I METOA AJIA IEPEBIPKU BUKOHABYHX
KPUTEPIIB ITPOMUCJIOBUX POBOTIB

Axmyansuicme memu docnioncennn. lumepec 0o yvoeo numanns spocmae. Cmseopusuiu 8i0n0GioHe piuieHHs, MONHCHA
suasumu nowikoodxcents pooboma. Ha ocnoei cmanoapmy 9283 Oyna 3anpononogana memooonozisi, 32iOH0 3 KO MON*CHA
eKCnepUMeHmMAanbHo SUMIpMuU pobo4i Xapakmepucmuku RPOMUCIO8UX pOOOMIS.

ITocmanogxa npoénemu. OchoeHoio memoro 6y10 po3pobumu Memoooa02ilo, Ha 0CHOGI AKoI MOJICHA Y0 6 chopmyseamu
Memo00NI02IYHI peKoMeHOayii ma 3a 00NOMO02010 YUx peKoMeHOayitl BUKOHAMU Ul OYTHUMU eKCNePUMEHTNATbHT BUMIPIOBAHHSL.

Ananiz ocmannix 0ocniddicens i nyonikauii. Ananiz nyonixayii noKasye, wo 6 Oanuil 4ac cucmemu 300py OaHux npo poooui
XapakmepucmuKu npomMuciogux pobomis oysce 0opoei. ¥ yux cucmemax UKOPUCMOo8yEmMbcs Memoo 1a3ephoi inmepgepenyii.

Buoinenna nedocnioxycenux uacmun 3azanvhoi npoonemu. L{s cmamms 30cepeddicena Ha aHanizi pereeanmuo2o me-
Mooy ma cmeopeHHI BUMIPIOBAILHUX NPUNAJIE OJisl eKCNEPUMEHMATbHUX BUMIDIOGAHD.

ITocmanoeka 3aedannsn. Memoio ybo2o docniodicenns 6yn0 cmeopents memooonozii sumipiosanns genuuut. Cmeopenis
NnpUOAmMHUX 3ac00i6 Ma NOOANbUA OYIHKA GUMIPAHUX 8eautuH. 36ip OaHUx 3a 0ONOMO2010 npozpamHozo 3abe3neuenns Matlab
Mae Oymu 600CKOHANEHUL Y MAUOYMHbOMY.

Buknao ocnoenozo mamepiany. Aunaniz ipynmyemscsa va cmanoapmi ISO 9283. [licna pemenvhoeo ananizy 6ynu cmeo-
PeHi MemoOouuHi pekoMeHoayii ma UMIpIo8anbHi NPUIAOU, MaxKi AK 6UMIPIOBATbHULL KYIN.

Bucnoeku 6ionosiono 0o cmammi. Ockinoku y 6i00ini € pobom i3 HeMOYHOCMAMU 8 NOZUYIIOBAHHT, OYI0 BUPTULEHO CHPO-
bysamu cmeopumu 8i0n0GIOHULL IHCIPYMEHM, SIKULL Mie Ou OLIbW 0emAaIbHO NPOAHANI3Yeamu yetl poboma ma ompumamu OaHi
npo poboyi XapakmepucmuKu.

Knrouogi cnosa: mexaniuna idpayis; mMexauniymi cucmemu,; NOUWKOONCEHHA, 8iOpodiacHOCMuUKA.

Puc.: 4. Tabn..: 2. Bion.: 8.
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