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Abstarct:

Teach-Robot is simple 5 axles manipulator builtsenvo motors used for education purposes. Servorsibiased on DC

motor slow down due to the increased load. It isgilde to estimate object weight by measuring fimerval required to reach specific
positions. The article presents the possibilityesfimating weight of the object using effect of imalator speed slowdown under load

increasing.
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1. INTRODUCTION

In field of automation or measuring systems there a
sometimes situations, where necessary parametarbea
obtained only by indirect way. Also when simple imae is
used without special sensors, side design progectae be
used to observe much more parameters than it satefinst
sight.

The Teach-Robot is not equipped with a sensorwoaid
allow direct weight measurement of the object whikh
robot is manipulating. It is simple manipulator,iefhgives
information about static position and change thsitjm
according to command received from manual contralte
from PC. This article shows the way, how to estamat
weight of the object and classify it in to five &s of
weights.
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2. TEACH-ROBOT

The Teach-Robot is a robot model for educationgb@ses.
The construction is derived from an industrial robad is
equipped with 5 axles. Therefore the Teach-Roboa i
realistic open scale model for educational purpesescan

be used to explain the world of robotics throughtioto
studies. The robot can be used in combination it
educational software appliances for used computer
technique and as an example for the use of sodcalle
fieldbus-technology.

Robot specifications: number of axles: 5, numbedrofes:

6 (nr. 1 is gripper), type of drives: dc servo msfovertical
reach max.. 500mm, horizontal reach max.: 450mm,
rotation max.: 270°, resolution + 2mm load capaaitgx.
0,2kg, weight 2,5 kg, DC voltage 15V, Current max.
0,3A/motor.

Each motor runs under control of an independent
microcontroller. The communication between Teack-Bo
and Teach-Robot is done by TRBus. This “mini-coreput
drives the Teach-Robot and handles the communitatio
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between the PC and the Teach-Robot. It allows teentbe
robot to any point of its working area and to steteh
moving to a chip card. The Teach-Box has a twofold
purpose. It allows that the user to use the TeamtoR
manually with only the box. It is also the interaoetween
the microcontroller, which looks after control athe robot.
The interface has a chip card reader. The datspoah
between the interface and the robot takes placehby
Teach-Robot bus system.

3. WEIGHT LOAD ESTIMATION

Teach-Robot is a simple handler that does not heae,
torque, acceleration or other similar sensors. Usan
obtain static position and status flags only. Itesionot
provide any direct information from which to deténmthe
weight of the object. The aim of this article issloow the
possibility of object weight estimation using irett
indicators. Weight estimation is based on princifhat
loaded servo motor is slower than unloaded [1]. The
description of the robot in the previous chaptepagother
things specifies that the maximum load is 0.2 Kge Goal
of the weight estimation is to classify objectifite level
of weight: 0g, 50g, 100g, 150g and 200g.

Figure. 1 Teach-Robot’s servo motors

In order to reach that the motor movement time woul
reflect the object weight as much as possible, moto
movement must cause vertical movement of the abject

case of Teach-Robot, two motors cause vertical mew
— motor M3 and motor M4, according to Figure 1
Comparing the movement time difference of motor &8l
M4 with no load and under the 100g load is showfable
1. All times are given as the average time in td-f
measurements.

Noload |Movement |Movement
motor

[mg] down [ms]  |up [mg]
M 3 146¢€ 159: 165(
M 4 1500 1830 1950

Table. 1 Teach-Robot's servo motors

According to the Table 1 data, movement time ofandi4

is much more affected by object weight than movemen
time of motor M3. Therefore, motor M4 is used fogight
estimation..

4. MOVING TIME OBSERVATION

The Teach-Robot itself or controlling element (Tre&oXx)

is not equipped with a sensor that would allow dire
measurement of the movement speed or time duration.
Therefore, the time tracking should be done usinges of
the side properties of the robot.

Communication Unit (Teach-Box) is constructed sat tt
idle sends special data - to confirm the connectiddn
request it sends information about the position atadus
flags of motors. Communication unit receives retpiésr
information on the state of the robot or the regmients to
change the position of the robot. In case thatjaest is to
change the position one of the motors, Communicatioit
stops the communication with the computer. It will
communicate again after reaching the specifiedtioosor
after time-out. As the communication unit is silehtring
the moving process, time tracking of the time af gilence
gives possibility to determine moving duration loé trobot.
Object weight is estimate using time duration, wheach-
Robot reaches upper position (Figure 2) from lop@sition
(Figure 3) and back.
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Figure. 2 Teach-Robot’s upper position

Figure. 3 Teach-Robot’s lower position

5. MEASUREMENTS

For all load levels: 0g, 50g, 100g, 150g and 200zs w

carried out a series of 50 measurements of tinukitrg by

reaching the upper and the lower position of thboto
Movement is measured in the upwards and downwards
Figure 6 to Figure 10 shows the measured frequency

intervals of the robot at different object weightime
Intervals are the size of 20ms.

41

Studia i Materiaty Informatyki Stosowanej, Tom 518, 2013
str. 39-43

0g movementtime

onN B o oo
| I—
|
|
)
|

Odirection up Bdirection down

Figure. 3 Movement time by Og load

50g movementtime

t [ms]

Odirection up Bdirection down

Figure. 4 Movement time by 509 load

100g movementtime

lul,

N \\] N \\] ] N o
&P P S PSS N

t [ms]

Odirection up Bdirection down

Figure. 5 Movement time by 100g load
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Figure. 7 Movement time by 200g load

From the average time of movements according to the
specific object it is possible to create a grapthefaverage
time related to the weight of the object, as shawhRigure

8.
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Figure. 8 Average time move according the load
weight

The measured data shows that with increased oljgight
the upwards movement time duration increased ak agel
downwards move. The difference between those tiimes
increased as well. The problem is that by increashe
mass of the object, the scatter of the measuregesais
increased too. Interval values measured in onecobjeight
even overlap with the interval of measured valuds o
another object weight. Therefore, to increase thecess

rate of determining the object's weight level moreltiple
measurements should be done.

13. CONCLUSION

Teach-Robot is simple 5 axles manipulator used for
education purposes. Movement is made by DC servo
motors. Using communication unit Teach-Box it isgble

to set motors position, get motor position and fEmple
command like RESET, HOME position, STOP and similar
It does not give any information about torque, sipaeal-
time position during the move.

Using property of DC servo motors to slow down tluéhe
increased load, it is possible to estimate the abjeight

by tracking movement time. Classification of objaaight

to five different levels was achieved by such time
observation. Classification success was achievetd 95%,
when 3 measurements were proceeding and average tim
was take in consideration. Higher success rate lwan
reached for instance by larger number of measuresm@m

the software side could be higher success rateaethiby
using elements of artificial intelligence, espdgidrtificial
Neural Network or Fuzzy Logic. On hardware sitelddae
accuracy increased by implementation of new segisimg
information about motor speed, torque or weighttloé
object directly.

ACKNOWLEDGEMENT

A4

Naddcia Volkswagen Slovakia

Volkswagen Slovakia Foundation, grant no.
041/13_RT - Fast charger for electromobiles
based upon the principle of directed energy
transfer by air.

Literatura

1. Arrick, R: The Difference Between Stepper Motors,
Servos, and RC Servos:
http://www.arrickrobotics.com/motors.html ,web page
March 21, 2013

2. Edutec, Manual Teach-Robot with Studio version:
http://www.edutec.nl/en/products/item/teach_robot/,
web page, March 21, 2013

3. Kov&, D., Vince, T., Molnar, J., Kovéva, |. Modern
Internet Based Production Technology. // In: New
Trends in Technologies, SCIYO Publisher, Croatia,
2010, 20 pages, ISBN 978-953-307-212-8

42



43

Studia i Materiaty Informatyki Stosowanej, Tom 518, 2013
str. 39-43



