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Abgtract: The paper deals with experimental identificationcohdition of measurement chain with linear encoder
Verification had been executed through the usingbéength gauges. The manufacturer of the senstes a lot of
parameters but there is no mention about sensertairtty or maximum error. Uncertainty of measurenieinseparable
part of measurement result.

1 Introduction

The encoder can be either incremental or absolute. Principle of incremental encoder lies on fact that
Motion can be determined by change in position tivee. Movement of the measured object causes the change o
Linear encoder technologies include optical, magnet refer_ence coded ruler position. Reference codedr rul
inductive, capacitive and eddy current. Optica$onsist of dark segments alternates transparenteseg.
technologies include shadow, self imaging and Light from optocoupler is interrupted with dark
interferometric. Linear encoders are used in megyl Segments. This arrangement produces square wgvaXfi
instruments, motion systems and high precision imau Direction of movement is recognized via using of
tools ranging from digital calipers and coordinat@nother optocoupler shifted 90° out of phase framhe
measuring machines to Stages, CNC MI”S, manuf'ﬂ(@ur other with the direction of movement. These twontleds
gantry tables and semiconductor steppers. Opticaiders Of square waves A and B can be completed with ala@n
are the most accurate of the standard styles afdems, called as reference which gives information about
and the most commonly used in industrial automatioigference mark as end point, mid point etc. (fig. 1
applications. Light sources used include infraregDk, The aim of this paper is to identify condition dfet
visible LEDs, miniature light-bulbs and laser disde measurement chain with incremental optical linear

Incremental position encoder (fig. 1) is also ahiées €ncoder. The main advantage of using the encoder fo

pu|sed encoder or incremental relative encoder IEC distance measurement is relativelly resistant ieead’he
[2]. tested encoder is usable in any position.

Signal from the encoder is captured with DAQ board
— (data acquisition board) MF624 by Humusoft company.
Light _7‘—'—' DAQ board is in PCI slot of PC. Data capturing sda in
source = Matlab/Simulink environment. Using of the DAQ boasd
easy and it is also used for practical exercisefuafents.
Overal measurement chain is shown on figure 2.
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Figure 1 Incremental optical encoder principle aetognition ~ Figure 2 Measurement chain with two tested opiicatemental
of motion direction of optical incremental encoder encoders
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Encoder is made in steel case with same grippidigas

indicator frequently used in dimensional metrolody. Ele Edt dew Simustion Fomet ook Help
means that standard dial indicators stands carség as DEES = » & = ®
holder.
- D:'MATLABGpSworkikanal9c10.mat |
. . HDE To File
2 TTL logic signal from encoder

Adapter

Optical system in encoder generates the squaralsign

with TTL levels. Logical zero is represented thrioube sesa, P21 Display
voltage OV and logical one is represented through t FT nkanss ::I‘—E
kanal 10 mangerta

Zain

voltage 5V. Squares on encoder output is also dalke Seope
increments. > [ 9

The DAQ board is also able to measure TTL logic AT kanan? Gaint
levels. The using of the TTL logic also allow teuke any P210 Display1
TTL microcontroller which is cheaper solution foatd D:MATLABGpS Workikanal10c 10.mat |
acquisition. ToFile1

Optical system uses the infrared focused light and
linear rule. Infrared light is used because of digit o == s

elimination. One period of signal is equal to sbgym (fig. Figure 4 Data processing in Matlab/Simulink

1). This square signal is connected to encodertiopu . )
MF624 DAQ board. Encoder includes two pairs ofgiti 4 Calibration of tested encoders _
system (transmitter-receiver or also called asamptpler). Structure of calibration procedure of encoderfiem
Second optocoupler is shifted because of ability t@n figure 5. Both tested linear encoders are hoidetial
recognize the direction of moving of measure rothwi indicator stands. Calibration has been executedisiiag
sensing endpoint of encoder. It is labelled aschbA and  Of set of length gauges (fig.5).

channel B. Function of both channels are verifidgth w

oscilloscope (fig. 3). Maﬂangi,m ik
Real Time Toolbox

T

DAQ board
MF624

F A

Power
supply

a) b)
Figure 3 Time dependence of output sensor signals sEnd
a) Measure rod is shifting inside, b) Measure i®ghifting §j§
outside i
H[ |1

3 Data acquisition

Data capture on DAQ board MF 624 is processed in
Matlab/Simulink (fig. 4). Block Adaptef represents used et o
DAQ board MF624 and it enables tu configure setbcte
DAQ device. Also it is possible to use more adapter ' N ’ ;
continuously. Blocks RTIM allows to capture data Figure 5 Calibration process structure
directly to matlab environment. It is necessargdnfigure
blocks ‘RTIN", set up the channel number and sample time. Both encoders have measurement range 30mm.
The used computer allows maximum samplet time &.00Calibration step has been selected 0.1mm. It mtean&ull
but MF624 allows the 100kHz sampling frequency.|Reancoder range is divided into 300 checked valudsaary
sample time strongly depends on used computer awalue is measured 10 times.
operating system. Blocks “Gain” are used for raedaliton Temperature in laboratory has been maintained on
of number of square pulses to length in milimetBtacks value 20°C+1°C.
“Display” are used for displaying of measured valiso
it is necessary to configure these blocks (saniple &nd
number format). Structure in Simulink also includkse
writing of measured data to file.
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WhereXnami is measured value of etalon from display
block in Matlab/Simulink; n is number of measuredhes.

Figure 7 Calibration process

Comparing of corrected measured value (from display
block in Matlab/Simulink) and nominal values of leta
Lgwm is error of measurement chain with encoder:

5ENCODER = XKOR - LBM 4)
Values of errors from encoder 1 and encoder 2 are
shown on figure 8 and figure 9.

Figure 6 Set of length gauge blocks and buildintgogth :
etalons [excoveri |

0.150

0.100

Producer of the length gauges (fig. 6) provideahdet
with systematic errors for every length gaugeeinEvery
calibrated dimension requires the specific etaldth w
nominal lengthLgm - block of length gauges. The overall
systematic error for every etaldmem - block (every
dimension) can be obtained as sum of systematic fenr
every used length gauge used for building of etalon
blocksLgw (fig. 5). e
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Mi=1 igure 8 Measured errors on encoder

Where dgm is overall systematic error of etaldmwm -
(block of gauges)dwmi is systematic error of used length
gaugesM, is number of used length gauges. i

Every checked valueLgw has different overall
systematic error of etalon, because different gieck
length gauges have been used. Every piece of |gagite
has different systematic error. Every measuredeviaiw
has been corrected with relevant summary of legatlges
systematic error of etalon via using of the equmatio

Xior = Xyam ~ 68M ) -

Where Xnam is measured value of etalokor is e
corrected measured value of etalon. Measured value o
obtained from display block in Matlab/Simulink.

Every value of etalohgw has been measured ten times
at the same conditions (fig. 7). The estimationmafan
value is calculated as arithmetic average:

0.100
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! 003 00 WMWWMW‘WW 00
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Measurement error (mm)

Nominal value of etalon (mm)

Figure 9 Measured errors on encoder 2

Uncertainty of measurement on encoders can be
N obtained as quadratic sum of all uncertaintieslloparts
X — l Z X 3) on measurement chain with encoders. _
KOR — ©NAMI Uncertainty of length gages are too low in compare
with encoders, so they can be neglected. CounteDA®

~3~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2>
O

Acta Mechatronica - International Scientific Journal about Mechatronics

Volume: 2 2017 Issue: 3 Pages: 1-5 ISSN 2453-7306

Q
‘§
27 i
9 ﬂ CONDITION OF MEASUREMENT CHAIN WITH LINEAR ENCODER
% 8 Tatiana Kelemenova; Eduard Jakubkovic¢
oy

board MF624 has high resolution (the resolutioB2it,
20ns), so also uncertainty of DAQ board can beeutedl.

Maximum errors obtained from calibration can beduse

as uncertainty of type B. Uncertainty of type Adiefined

[6] VITKO, A., JURISICA, L., KLUCIK, M., MURAR,

R., Ducha, F.: Embedding Intelligence Into a Mobile
Robot. In:AT&P Journal PlusISSN 1336-5010. No. 1
: Mobile robotic systems (2008), pp. 42-44

as standard deviation from minimum of ten measunéme7] BOZEK, P.: Robot path optimization for spot wiglg

at the same condition. This uncertainties can pensed
into combined uncertainty:

— 2 2
Ue =4/US +Ug (5)

On the base of the mentioned, it is possible toutale
maximum value of uncertainty for both tested encade

Uc Encoder1= £0,03 mm

Uc Encoder1= £0,04 mm

These obtained values of uncertainties can be fosed

applications in automotive industryghnicki vjesnik /

Technical GazetteSep/Oct2013, Vol. 20 Issue 5, pp.

913-917.

[8] DUCHON, F., BABINEC, A., KAJAN, M., BRNO, P.,

FLOREK, M., FICO, T., JURISICA, L.: Path planning

with modified A star algorithm for a mobile robot,

Procedia Engineerin®6, 59-69

[9] PASZTO, P., HUBINSKY, P.: Mobile robot navigati

based on circle recognitionJournal of Electrical
Engineeringb4 (2), 84-91

declaration of measurement on these tested encoders [10] ABRAMOV, I. V., NIKITIN, Y. R., ABRAMOQV, A.

5 Conclusion

l., SOSNOVICH, E. V., BOZEK, P.: Control and
Diagnostic Model of Brushless DC Motafpurnal of

The Expanded uncertainty is expressed as combined Electrical Engineering Volume 65, Issue 5, Pages

uncertainty multiplied by coverage factor.

277-282, 2014.

Every measurement has to include also expressing[d2] KONIAR, D., HARGAS, L., STOFAN, S.

uncertainty. It describes how we can believe tolteof
measurement. Measurement without
uncertainties are valueless [3-29].
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