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Abstract — Buldozer performance declination is
usually caused by the broken of seal adjuster
track repeatedly. Therefore, undercarriage
replacement including bushing frame is carried
out to overcome this problem. This replacement
process caused several problems such as safety
and environmental pollution, and also the
accuracy of bushing placement in its frame so it
needs robot as an aid eguipment. Having tested
the robotic prototype is ahle to carry out the
process such as bushing handling although it
only wused similar ohject to bushing. This
prototype has heen able to grip, lift up and put
the object in the intended place.

Keywords — Bushing, Microcontroller ATMega
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LINTRODUCTION

echnology used in the industry i1s rapidly

developed nowadays. On the other hand, new
problem that has to be taken care of has arisen such
as maintenance problem, equipment replacement
and also environment friendly waste management.
South Sumatra as an energy resource became a
reason of establishment of many mining companies
especially coal. Compames attempted to improve
coal production target 1n order to fulfil the demand
of coal. However, the problem of repeatedly broken
seal adjuster track on the Bulldozer unit caused the
declination of its performance. To improve the
bulldozer performance, the bushing frame on the
main frame recoil spring must be replaced. This
was because the condition of existing bushing
frame 1n which corrosive and friction effect the seal
bushing so 1t was damaged and torn apart. and

finally caused the leaking of o1l frame and all inner
parts undercarmage components worn out rapidly.
The decision to periodically replace the bushing is
the right method to return undercarriage condition
to its state, but there are some problems in the
implementation of this activity, such as: in the pre-
heating process for new bushing by heat 1t 1 o1l as
a conductor, the handling would be very difficult so
it needs heavy equipment to take out bushing from
the oven. This conventional method had a nisk of
warning because of the environmental pollution and
safety aspect of the dangerous working process as
seen in figure 1 below.

Figure 1. Conventional preheating process

By considenng this matter, the conventional
preheating was replaced by heater process as seen
in figure 2 so the process could be carried out
safely and environment friendly, nevertheless after
using heater the handling problem still had a
constraint as it needed hoist crane as a tool. Delay
became the weakness of this method because the
lack of accuracy in placing the bushing and also the
waiting of hoist crane which 1s used for other
activity.
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Figure 2. Manual bushinghandling process after usimng
bushing heater

Based on the above the author choose the robot to
solve this problem. Robot 1s chosen because it
could be designed to do high accuracy working
process and has high productivity to improve the
production volume The designed robot utilize
motor as its mover and could be controlled by wire
or wireless and operated not necessanily close to the
heater bearing in mind the bushing temperature 1s
very high when it's out from the heater. Robot
movement will be functioned as bushing material
handling from heater to bushing frame, by gripping,
Lfting, turmng, and releasing, until object 1s
installed as designed condition.

II. BASIC THEORY

The word "ROBOT™ firstly used in New York in
October 1921 in a theatre performance called
"RVR”, written by Karel Capek. Word Rebeot_itself
came from rebota_which means working [1]

The most acceptable definition came from “Robot
Institute Of America” [2]: "A robot 1s something
that can be programmed and reprogrammed, which
has designed mechanical manipulator/ mover to
handling goods, components or special tools with a
number of flexible programmes/ adjustable for
mmplementing vanous tasks”. Based on that
definition. robot could be declared as
Programmable Automation. While the term Robotic
based on Webster definition : “Technology to
design, create, and operate robot”™ [2]. Robot
manipulator could be classified by several crifenas
such as resources, peometrics, and kinematics
structure comprised in the application area and
controlling method. This classification 1s very
useful to determine the suitable robot to do specific
task [3].

2.1 Configuration of the Manipulator

Manipulator is also known as robot's arm
Classically mampulator could be divided by 4
groups that are polar, cylindrical, cartesian, and
joint- arm [4].

Manipulator with polar configuration illustrated in
Figure 3. The body could perform left and night
turn. The body joint could lift up and down the base
of the arm in polar. The end of the arm could be

stirred forward and backward translationally. This
configuration is quite solid because the arm joint
and forward-backward movements are
mechanically densed. The ability to reach up and
down 1s not good because the body did not lift the
arm vertically, but had typical movement that was
capable to manipulate spherical workroom with the
simplest movement algorithm compare to the other

configuration types.

lengan

Figure 3 Polar Configuration [4]

The following cylindrical configuration in Figure 4
had capability to reach in the better cylindncal
room, although end of the arm angle against
stanchion line 1s fixed This configuration is
adopted widely for gantry system or crane because
of 1ts solid structure for load hoisting task. The
obvious example i1s the crane system used for

buiding skycrappers [4].
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Figure 4. Cylindrical Configuration [4]

Manipulator with cartesian configuration as
displayed mn Figure 3, 1s relatively the most sohd
for hoisting heavy load. This structure 15 widely
used permanently 1n factory mstallation for hoisting
and moving production goods as well as lifting
heavy equpments when carmed out installation
activity. Crane 1n a shipyard 1s also adopting this
structure [2], [4].

In a real application usually stanchion, body and
arm are constructed so as the load distributed
evenly throughout the structure.
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Figure 5. Cartesian Configuration [4]

The fourth configuration 1s joint-arm structure. This
construction is the most popular for regular task in
a factory, particularly to carry out fuction as factory
worker, like hoisting goods from the conveyor,
welding. mstalling nut-bolt component in a product,
etc. With special wrist tool, this joint-arm structure
was smtable for reaching in the narrow workroom
with wvarious reach angle This form i1s known as
planar mampulator. In general, its configuration 1s
like the following figure 6. All joints designed for
turning horizontally, except end of effector. This
structure 1s widely used in kinematics and dynamics
studies particularly those related to verification
analysis of an approach or the latest control theory.

One of the consideration was that outerspace
robotic application did not require gravitation
concern m the dynamic analysis 1t was only
influenced by the robot inner body itself [4].

&-'—-; — parpEGgs
Figure 6. Planar Manipulation [4]

There were plenty of robot utihizafion i the
mdustry, for instance that researched by Dong Shu
Wang who designed robot for industrial welding
which has a structure as the following figure:

Figure 7. Welding Robot Structure[5]

On the above figure, welding robot structure
scheme has 6 revolute joints in which all these six
jomts will be controlled by genetics algorithm
coding after their weight points were optinuzed [3].
While the gripper on the end of robot’s arm where
the bushing 1s held will be settled by the type of the
object [6].

2.2 Microcontroller

Microconiroller utilility on the robot’s arm has an
important role as a brain or programme processor
for moving the robot's amm — ATMEL
Microcontroller 1s used for this tool because it has
advantages in terms of ability and price. Basically
the differenciation for each class are memory,
peripheral, and 1ts function. Microcontroller used 1n
this research 15 AVR microcontroller ATMega 8538
type. The selection of this type 1s based on 1ts
capacity which 1s fit to the sofware capacity
created. Moreover, it also has timer facility
ATMega 8535 mucrocontroller 1s 8-bit IC CMOS
which has low power 1n 1ts operation and based on
RISC AVR.
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Figure 3. Pin Configuration of ATMega 8535
Microcontroller [7]

ATMega 8535 microconitroller could be executed
in one instruction m one clock cycle, and capable to
reach 1 MIPS per MHz, so the designers could
optimize the low power with high speed. ATMega

8535 microconitroller has speciality compare to
ATB9CS51, AT89CS52, AT89S51, dan AT89S532 type
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microcontroller, in  which ATMega 8335
microcontroller has ADC 8 channel 10-bit port

mput [7].

IIT. MATERIALS AND METHODS

The recent reserach was still prototype in the
laboratorium scale. The purpose of this research is
that when the real robot 1s buwlt. 1t will work
properly as desired, because its shape and ability
have fit to the requirements_

In conduction this research, a diagram was used to
show the steps that needed. as seen in the figure 9
below

Modellin |:> Aszembly ::} Programmin

U

Analyzing | Testing

Figure 9. Step of The Making of Prototype Bushing
Handling Robot

Having set up the required steps as shown in Figure
9, the next step will be designing the robot blue
print before producmng it. Mechanical design 1s
most important part because before producing the
robot we will be able to see the robot’s structure
and shape in wvisual design as i1t has a very close
likeness with the oniginal Selid Work was used to
make the mechanical design easier. Below is is the
figure of the robot design:

Figure 10. Design Prototype of Bushing Handling Robot

IV. RESULTS AND DISCUSSION

In the previous chapter. it has been explained how
to design this research. After the producing step, the
tool had to be tested to get the required data. The

test 1s carried out to proof that the prototype is able
to function well and able to be applied in the daily
life. Below is the figure of the tool that successfully
produced and ready to be tested.

Figure 11. Protoype of Bushing Handling Robot

After the production, a test was required on the
prototype to find out whether the designed made
was as appropriate as expected. The most important
test was the ability test of the robot mn gripping an
object, lifting it, and placing it. Below is the figure
of object’s shape that had to be lifted:

Figure 12. Object that Need to be Lifted

This object were made from several types of pipes
with diameter of 4 inch and 3 inch with weight
range from 450 gram to 620 gram The test run on
direct current motors which were used to move the
mechamical parts m robot 1.e., Base, Arm, Lifter,
Booster, Gripper, and robot’s activator parts.
Considering that load size of the testing objects
were various, thus only pipes that met the selected
critenia were tested. The first test was the gripping
ability directly on the pipes with various weight and
dimension in order to get the general dimension and
weight which can be lifted sucessfully or not by the
robot. The table below will explain the purpose of
this test on the gnipper:
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Table 1. Gripper Test

Figure Description

BFS
Open
condifion of
gripper

condifion of
gripper

From the test result shown that the width dimension
of the gripper when it 1s opened was 20 cm, and 1
cm when it 15 closed and the length of impact peint
of the gripper was 41 cm.

The measurement and selection the object for the
test can be started after the details of the gripper’s
gripping capacity were obtained.

Table 2. Objects pipes specification with direct test

Pipes dimension
Object Length Diameter

Weight
Remark
(gram)

(cm)  (wmch)
1 10 ¥ 450 Good
2 20 4 500 Poor
3 30 4 620 Fail
4 10 3" 450 Good
5 20 3 500 Poor
6 30 3" 620 Fail

From the test result, there were some pipes “failed”
for selection, because the gripper was not able to
grnip properly. Thus, the pipes which have suitable
and sufficient dimension and weight were acquired.
From that test 1 ideal pipe will be selected for the
measurement object. The next test was carried out
on the vertical arm which was moved by

continuous current motor, in which wvertical arm
was one of the Cartesian Arm’s that can move up
and down. This arm in 1t’s working cycle would
carry an object from a certain place by moving its
arm from down to up uniil reaching the maximum
limat thus the object could be moved. In other word,
the continous current motor at this arm will have a
load only when the arm moving up.

Table 3. Current Test on Direct Current Motor as Vertical

Arm Mover
Voltage Measured Current (A)
Test Without  With Without ; .
No  Object Object Object With Object
Vi Vs Up Down Up Down

12.67 12,63 197 142 2,16 146
12,69 1265 182 139 217 142
12,65 1262 203 144 2,18 137
12.64 1262 195 143 217 139
12,58 12,59 206 138 219 138

L o I O

TOTAL 983 706 1087 702

Therefore the average of difference value of output
current result of driver motor’s direct current to
move vertical arm while carrying an object will
also be higher compare to horizontal arm (similar
type of motor).

The next test 1s for Gripper End of Effectors or
gripper is the most important part, its function is to
grip an object (pipe) and move it from one place to
the another. The gnpper measurement 1s carned out
when the gnpper gnpped and released an object.
The measurement result showed that the voltage
output was bigger when 1t closed (gripping) than
when it opened (releasing).

Table 4. Current Test on Direct Current Motor as
Veriical Arm Mover

Voltage Measured Current (A)
Test Without With Without . -
No  Object Object Object With Object

A Vs, Up Down Up Down

12.69 1264 0.2 0.3 024 042
12,68 1264 0,18 034 0.2 0.45
12,66 12,62  0.21 0.4 0,18 044
12,63 1261 017 033 019 046
12,59 1258 016 0329 022 045

L A N R R

TOTAL 092 166 103 222

V. CONCLUSION
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1. The Bushing Handling Robot Prototype can
work as excpected i1e gripping, lifting and
putiing an object at the intended place

2. The Bushing Handling Robot Prototype has
been able to lLift an object with the dimension
of 4 mnch diameter, 20 cm length and about
500 gr weight

3 The difference of output current value of the
dniver motor when 1t’s arm went up and down
was big enough due to the influence of
gravitation force.
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