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stuff [10]. [13]). AGV pallet truck with others type of
sibe include in material handling category. From
] hmdlmgcqulpntm AGV the most cffective

Gy snzcmdshapcmhemnkebudon

otal of pin is morc than other
{Raspberry pi also have clock speed and
than Ardumo Mega and also have more
res [21].

IL RESEARCH METHOD

Rmmhﬂoulhaldnb)mxardmdwwngmfm
1. Based on the Fig. 1, this rescarch method includes
literature study, looldwgn.lcnngmdnlso&lwmg
conclusion based on test results. Litcrature study carned
out with the aim of identi problems and finding the
solutions to these problems. the identification carmied
out. The tool of design is camied out tin accordance with
the solution that has been carried out.

Mwuﬂmf«m&munploy«-hycodhnmll

increasc the cffectivencss [7). AGVaAmemdcd
Vcehicle it is onc of bclp loglmc
operation [8]. [9). AGV since beginning was made
delivery qulg]‘ onc to another very quick and

Mﬁnnmmuﬂ:&ewﬂabh
workers can work effective and doesn’t make the workers
should be work extra just for deliver file or some stuff [10],
[11]. AGV was divided into many type, one of the type is
pallet truck [8]. [12]. This type AGV was adopt forklift
system. In general usually used to bring and also transfer

AGYV pallet truck usually use DC motor type as a main
mover because to move some heavy stuff should be need
a big torque so it can be well lifted up [22]. [23]. But DC
motor have some weakness such us need an extra
treatment so it is also needing some extra cost for it. So,
in this rescarch motor stepper that used to exchange
forklift mechanism in AGV that before using DC motor.
AGV pallet truck commonly used in warchousing. The
basic pnnciple from forklift mechanism system in gencral
show in Fig. 2.
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A. Stepper motor control with SPR Method

Stepper motor 1s one of the type that usually use in
industry [24]. This type of motor many used because have
high precision and also have big torque, so it is can lifted
up heavy stuff as well as DC motor [25]. [26], [27]. The
different  between DC motor and Motor Stepper is the
mowtqurdoamnecdmmmcpmodlullyhkc
DC motor by n the ion of motor stepper

""{ mrml]

does not have brush and commutator, so the mamtance
cost will be cheaper thun DC motor [18]. This is can be
scen on Fig. 4. Because the using motor
stepper so the rescarchers use stepper motor as a main
mover in this forklift mechanism.

Fiz. 4. Construction of Stepper Motor and DC Mosar

Th:uakncssmmocncppadnslyp:mulsn

tep Inlfstqundmmoﬂcp[lﬂ The more
; or stepper will move smoothly. But the

. One of the controlling stepper
d is Step per revolution (SPR).

thod tomwcdxstqapamomf

pne circle. The angle” circle is
of stepper motor is rotation.

send it to s

In dusstcp tools design based on hardware and also
software. In the parts of hardware divide into two parts:
main components and support components. In the main
components consist of motor stepper, drive motor stepper,
proximity sensor based on ultrasonic and raspberry pias a
main. Then, the support component consists of, DC motor
and also driver as wheels mover, coupler connector, and
Iead screw as a rotary shaft. Schematic of this prototype
can be scen in Fig. 5.
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mm{urlrftmhamj) Raspberry Pil

generally. This.rasphberry pi's
amount 4 GB[29]. [30]. The ¢
working/system from stary/to finish ean be scen in the ||
figurg & First, AGVIwill scan| wuch..nmm.anl

then it will move to Qolh!’ th-ru < afived the

next pattern forklift mech | do L pﬁ.Aldﬂ'ﬁs

papcr‘ﬂlbc focusonllc forklift mech

L Rlsul.; \\Dmswsgn‘_

The dm;n of the tool wmadc aisun_Lc Pblmw-‘\
as can be seen'in Fig. 7¢Fig. 7lmlm Jorktift’
mechanism lhn.“ésdcslgn MTisa

“B” is cltppcrmoﬁorthlmcdand“(”'xs
Raspberry Pi 4. In Fig 7 stepper motor was doupled with'. {
lead screw by cofindeting_couple. The colour of  Figé ProsotypeForklift Mechanism for AGY

connccting couplc in Fiz7 isbiue. I'ead screw is used for —
make the rotation of stepper motor begarme.smoother than oA MomrSigpper Control

before and also is used for rotary shaPof-forliftisap Motor stepper that usc is ‘.\TK NE-“A 17 is 17HS2408
down. And on the top, there is a sensor for conlmllmg the  product from motion king. The ng system that use
height of forkhfL Power supply that need is 12V for  in this motor stepper 1s SPR method, based on the
stepper motor and driver and 5V for driver and sensor. datasheet can be known if in cach step angle from this

motor stepper is 1.8 degree. So. if entered in equation |
will produce 200. The result of SPR can be passed on
driver to be processed. PSR that reach the driver change
into PWM signal, as you can sce on Fig. © that calculate
with oscilloscope digital.
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Fig. 8. PWM Signal in Step piw Driver

Then. to decide which turn direction, the driver should
control. The motor will be rotate same as clockwise (CW)
when DIR pin on the driver is given HIGH logic. Whereas
if giver LOW logic the motor will rotate counter
clockwise (CCW). The schematic motor stepper with the
driver can be scen in Fig 9.
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Fig. 9. Schematic Motor Stepper with Driver

B. Distance measurement for SPR

Distance measurement for controlling forklift using
proximity sensor based on ultrasonic. HC - SR04 scnsor
is the proximity sensor based on ultrasonic. This sensor
can be used in smart forklift mechanism to calculate the
high precision while lifted up process and also to
masurement  distance AGV  with pallet. The time
calculation in the HC - SR04 sensor usc cquality (2),
which ishe distance is the result of velocity divided by
tme. Travelmztunc is the time different between the
reflected and réecivied frequencics, that is the mean of T.
S 15 a symbol of distance, then V 1s a symbol of velocity.
This velogity is mean the velocity of sound.

s y 2
] 2)

Wiring betwecaHC — SR04 and raspberry pi 4 model

# has been showing on Fig. 10. TRIGGER and ECHO pin
was connected with GPIO pin, while VCC and GND pin
was connected with 5 V and GND of raspberry pi 4 model
B.

Pty 1 4 8 58 GO Hesder

Ry |ty T

ring HC - S0 with Raspberry Pi 4 Modd B

Somcthing simple but is very important is Voltage
divider for ECHO pin. Voltage divider on winng 1s usc
because the GPIO only tolerate maximal 3.3 V and the
purpose connection between GND and ECHO 1s so having
an obvious signal. So, when no signal the logic is 0 and
the logic 1 when there is signal. Figure 10 shows position
HC — SR04 on this prototype. Position of HC — SR04 is
on top with iron plate is used for reflect the ultrasonic back
to sensor and so the distance can be identification. That
can be seen on Fig. 11.
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The result of the HC - SR04 sensor can be scen
Table 1. The HC - SR04 scnsor compared with digital
measuring instrument in the form of digital calliper. The
results in the Table 11 show that if the distance is below 15
cm the accuracy is very high but when it exceeds 15 cm,
the crror has started to amive. But the crrors aren’t
significant. so it’s still be tolerated.

Tamer I comranmson sexson HC - SR04

Distance Result’s HC - SR04 Erroe (%)
(cm) Sensor (cm)
5 s 0
10 10 o
15 s 0
20 2om 0.1
25 25m 03

Fig. 11. Position HC - SROM

The proximity sensor used for controlling the altitude
from forklift. So. the recitation of this scnsor can be
combined with SPR from motor stepper. The result from
this testing after integration between motor stepper with
the HC - SR04 sensor can be scen in Table 11 The data in
table 2 indicate that every | rotation cither up or down will
be difference | em from oniginal position, this also happen
in next rotation. So, if transform m to mathematic model
become (3).

200

3
5P )

| -

The number of 200 has been founded becausce it is
default of SPR used stepper motor. SPRn is the number of
SPR where we want. Then. *1” is the symbol of how many
rotarics or it can be symbol of increasing stepper motor
and ‘X" is how many we want rotary or if we want to know
the increasing of stepper motor if we used SPRn.

Tanve 1 svexease mesant ren SPR

SPR SPR Increasing
200 lcm
W Icm
500 1S5cm
600 lem
800 4cm
1000 38 cm

Fig. 8 show the structurc of algonthm in the
méchanism smiart forklift when AGV amived in the dot
alrcady determined the AGY will do confirmation what
should do for the next part and which pallet that should be
taken: Aftcr that the stepper motor wall be rotate until the
height that determined. That beight measurcment using
the proximity sensor based on ultrasonic. After the forklift
alrcady in the height that degermined. So, the AGV will be
move littke higher so thelpallet will be lifted up and AGV
movgfetreat so the pallet @nd the part the fork of forklift
wall'be back.in original pesition so the pallet will be secure
and will be not fall dewn.

IV CONCLUSION

Bascd on the implementation of test from the design
cart beassumied that smart forklift can be work smoothly
and haveihe kvel of precision because of sensor reading
with digital tobls measurement have almost 0% error. The
lifting process can be adjusting the distance to lifted up
pallet cither in above or nether. Step per Revolution (SPR)
can be amanged according the need and the speed of
d;cmnlbn can be arranged based on SPR and the function of

ume.
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BAB | PENDAHULUAN Latar Belakang Rewelusiindustri 4.0 saat ini semakin

berkembang dengan pesathatini dibuktikandengan semakin banyaknya
teknologi teknologiyang telah diciptakandalam menunjangproses kegiata
nindustri(Rosyadi 2018). Saranadan prasarana yang semuladilakukan secara
manual kini telah digantikan otomatisasi berbasis'digitalisasi. Tingkat efektifitas
dan efisiensi yang tinggi inilah yang ditawarkan oleh revolusi industri 4.0,
sehingga banyak perusahaan perusahaan berlomba dalam pencapaianrevolus
i industri4.0. Automated Guided Vehicle (AGY) merupakan salah satu produk
darirevolusi industri 4.0. Automated Guided Vehicle (AGV) adalah suatu
kendaraan otomatis yang terarah(Das and Fasan 2016). AGV banyak digunakan
untuk mobilitas suatu perusahaan terutama dibidang logistik(Das and Pasan
2016),(Schulze, Behling, and Buhrs 2008). AGV sendiri sebenarnya merupakan
pengembangan dari sebuahrobot line folleweryang telah diperluas dari segi
fungsional maupun kecerdasansistem. Linefollower merupakansuatu robot
sederhanayang bergerak dengan mengikutijalur yang telah disediakan dengan
bantuan sensar sensoruntukmendeteksijalur{Widiante2017). Karenaituantar
a AGV dengan line follewer secara prinsip kerja tidaklah terlalu beda jauh. AGV

diciptakan dan dikembangkan untuk menggantikan material handling
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