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Abstract

Manikin Irrigation Area (I.A) has £ 3000 ha of the area, utilizes the water source from the Tefmo
Dam and distributes to the Primary-Secondary-Tertiary channels with controlled by watergates that
operated by lift. This mechanism has resulted in jealousy and squabbles in farmer groups because of the
inequality distribution that ultimately decreases crop production. The development of Microcontroller
Technology has changed the Watergate model into an automated system based on certain parameters
and algorithms. One of that being developed is the smart irrigation system based on Arduino at Manikin LA
that regulates the water to land based on the time from the Real-Time Clock sensor and uses Direct
Current (DC) motor as a driver to watergate. While it may work, but the system has not considered the
power requirement of DC motor when the water flows in the maximum discharge and pressure affecting
the motor. This study examines the power requirement of an ideal DC motor for smart watergate in 5 open
channels in Manikin I.A. Based on the open channel standard parameters, a total load measurement is
performed when the water given speed (V) and pressure (p) then converted to energy. The study results
that on 5 different open channels in Manikin I.A, with 0.30 m*/s maximum water discharge and 7.56 m/s®
flow rate, a watergate control requires DC motor that has 35 to 43 Watt power (39,4 Watt average power)
or 3 to 3.5 Ampere current (3,26 Ampere average Current) in order to 24-hours work.
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1. Introduction

Manikin Irrigation Area (I.A) is one of the agricultural areas in Kupang, East Nusa
Tenggara Province which has + 3000 ha of area [1, 2]. Management of Manikin LA utilizes
water from the Tefmo Dam that has a 298 liters/second of water discharge [3] as an irrigation
source as other irrigation areas that conceptually utilize water from dams, ponds, checks or
other groundwater as an irrigation source of the farm [4—6]. The distribution of water to the
irrigation area passes the primary-secondary-tertiary open channels [7] and it's controlled
through the watergates at each meeting channel according to the irrigation standards from the
Indonesian Ministry of Public Works [8, 9].

Generally, the operation of the Watergate in the channels is still done conventionally by
lifted, shifted or rotated, based on the Watergate model and the farmer's participation [10].
However, evaluations in some places show that differences in performance between the
irrigation concept and implementation [11], as in Manikin I.A which often leads to
jealousy and quarrels among farmers due to uneven distribution of water and resulting in
declining yields [12-14].

The development of microcontroller technology, sensors, and controls resulted in many
conventional mechanical systems developed into automated systems based on certain
parameters and algorithms in the form of application programming [15, 16]. Some of them are
the irrigation water gate developed using Arduino for Manikin I.A [17], Smart Home Garden
Irrigation System Using Raspberry Pi, reduce physical human interface, control the solenoid
valve according to human’s requirements and sent to the user for alert purposes either for
normal or critical operations [18], Automatic Door System using a unigue wireless ID by using
infrared ray or Bluetooth technology and Assessment of DC Servo Motor with Sliding Mode
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Control Approach but does not assess how much power is optimal [19, 20], other smart
development module for practicum activity [21] and Digital Pattern Approach to the Design of an
Automotive Power Window by means of Object-Oriented Modelling, that utilizes only a DC
motor without examining the ideal power required for an object being driven [22]. The smart
watergate system developed to Manikin I.A, consists of 2 main parts, the mechanical, and the
control part. Mechanical parts include that door frames and door plates made of steel with DC
motors as a driver. While the control part consists of Arduino as a central processing and Real-
Time Clock (RTC) sensors that perform the process of data transmission based on
client-server [23]. RTC transmits the data time in form of voltage to the microcontroller using the
scheduling method in queue data system [24]. While Arduino acts as a server that processes
the data time and issues recommendations to external devices. The use of DC motors in this
system is less efficient because it quickly emits heat when it has been operating for a while so it
is not optimally used for a long time.

In the guidelines of irrigation systems in Indonesia, it has recommended the size and
specifications of channel and Watergate. However, when converted to an automated system,
the study and selection of a DC motor as a driver needs to account so that the operation of
smart irrigation systems becomes more optimal with the availability of DC motor, whereas, The
speed of motor DC and other parameters affect the performance of the smart irrigation system
[25, 26]. Some parts are taken to account the standardizing open channel sizes, including
maximum load, friction coefficient, and channel pressure. For doors operated with a handlebar,
the power can drive a force of 400 N. However, if the door has two handlebars, then each of
handlebar must be calculated so that it can take 2/3 of the maximum possible load. The
comparison between the height and width of the Watergate should be smaller than the friction
coefficient (f) between the side of the door and the pointing groove (h/b<f), to avoid the door
jams when movement [27]. The friction coefficient of Watergate materials is varies depending
on the material used, whether iron, steel or wood, whether dry, wet or lubricated. All of this has
an effect on the calculation of the driving load when the Watergate is used. There is a
suggestion to increase the friction coefficient of various components by 40-50% for the
operational efficiency of the Watergate irrigation. The final standardization of smart irrigation
systems is the effect of DC motor power drives compatible with microcontrollers. To calculate a
total load of all elements lifted by a DC motor, (1) is used.

Gtot:G(pIate)+G(steeI groove)+G(steeI erow)+G(handIebar)+P(swipe of watergate) (1)

As shown in (1) explains that heavy the Watergate irrigation depends on the weight of
the Watergate plate, the weight of the groove steel, the weight of the elbow steel and the weight
of the handlebar. These four elements are interconnected and will be lifted by a DC motor.
When the water flows at a certain speed [28, 29], then the water pressure on the Watergate will
give the friction of the door plate to the frame so that affect the lifting power of the motor [30].
Some parameters such as friction coefficient, water velocity, and water discharge will affect the
calculation of DC motor power requirements [31]. The velocity of water flow and the discharge
of water in the channel can be calculated by (2) and (3).

V=(1/n)xR?*xs2 2)
QmaszXV (3)

The amount of water flows velocity (V) as given in (2), depending on the hydraulic
radian, wet cross-sectional area and the slope at the base of the irrigation channel [32]. While
the maximum water discharge (Qmax) in the channel, as (3) is affected by the wet
cross-sectional area and the velocity of water flow. To determine the DC motor power used to
drive the Watergate, a power equation is required which depends on the magnitude of lift,
distance and lift time [33]. The total power of a DC motor is calculated using (4).

W=(Fxgxh)/t (4)

As shown in 4 explains that the DC motor power is directly proportional to Effort
(W) and inversely proportional to time (t). Enterprises are Style (F) with gravity magnitudes (g)
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and Distance (h) displacement of an object. The selection of suitable DC motors is coupled to a
microcontroller-based control system, but the power specification needs to be taken into
account when the system operates the Watergate on specific weight, distance and lift.

2. Research Method

This study examines the requirement of DC motor power of watergate irrigation placed
on the Tertiary channels by considering the weight of the load in dry channel conditions or in the
presence of water flow. There are several stages in the completion of this study, namely:
calculating the velocity of water flow in each channel, calculating the weight of the Watergate
without water pressure, calculating the strength of the water pressure passing through each
Watergate and the friction generated to the Watergate plate when the maximum flow and water
pressure occurs. The end stage is calculating the total load that responsibility of the DC motor
and converting to energy to obtain the total power required. All these stages will be treated for
the gates in 5 tertiary open channels. Schematically, the research stages are done as Figure 1.

Data length, width, door thickness,
Water volume in Secondary, Tersier and Quarter
channal, Friction data, water pressure and
coefficient

|

Counting the Weight of Water Door without water flow

\

Counting the Weight of the Water Door with the water flow

l

Counting Total Water Doors influenced by Water
Pressure with (1)

l

Determining the Total Load to be lifted by a DC Motor

l

Converting to Power and determining End Power
Requirement (W) with (4)

l

Output:
DC Motor Power Requirement

Figure 1. Phase study of DC motor power requirement on the smart irrigation system

Figure 1 shows the steps of study of DC motor power requirement before
recommended to smart irrigation systems. The research begins with the collection of the
channels data and the Watergate parameter according to the irrigation systems guidelines and
measurement results at 5 open channels in Manikin I.A. Data collection is done by measuring
the weight and volume of the Watergate. The second data is taken by measuring the lifting
power with a certain speed and pressure that produces the maximum friction at the Watergate
plate. The third stage is calculating the total load from the Watergate when no flow and with
maximum flow. The measurement of total load can use the (1). The total load value is then
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converted to a power quantity with (4) (W=(Fxgxh)/t) to obtain the exact of DC motor
specification for use in Arduino smart irrigation systems.

3. Results and Analysis

A smart irrigation system developed with DC motor as a driver is directed to Manikin I.A
which has 5 open tertiary channels with different sizes. The specification of one of the channels
is shown in Figure 2.
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Figure 2. The open channel scheme that implements arduino smart irrigation system

The left side of Figure 2 displays the Secondary channel scheme Ag to 2 smaller
channels (Tertiary) AgBg and AgB; with black lines as thick as a barrier to a tertiary channel
(Watergate). There is a larger rectangular area to hold water before splitting into smaller
channels. The barrier will be replaced with Arduino smart irrigation system driven by a DC
motor. The right side of Figure 2 is a model and size of smaller channels with bottom width
channel (B) indication, height water flow (h), wavelength (w) and other indication as a standard
parameter. The size of the tertiary channels is varies depending on the width of the previous
channel. Figure 3 shows the measurement results of one tertiary channel with a channel width
of 0.5 m and a channel height of 0.85 m.

L7

0.40 m

0,45 m

' B=0,50m

Figure 3. One of the open channels (Tertiary) in Manikin I.A

Figure 3 shows that the tertiary channel above has 0.50 meters of the floor (B), 0.45
meters of water height (h) and 0.40 meters of wavelength (w). With the 0.015 baseline slope
(S) and 0.01 manning coefficient (n), the water velocity is determined in Table 1.
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Table 1. Calculation of Tertiary Channel Parameters with 0.5 m Width of Floor Channel's (B)

Wide channel (A) A=B x h=0.50x0.45 0.225 m”
Circumferential channel (K) K=B x 2h=0.50x2(0.45) 0.45m
Hydrolis Radius (R) R=A/P=0.225/0.45 05m

V=(1/n) xR**xS"?
Water speed (V) =(1/0.01) x (0.5)*°x(0.015)*? 7.56 m/s
=100 x 0.63x0.12
Maximum discharge (Qmax) Qmax=A x V=0.225x7.56 1.70m%s
P=pxgxh

Water pressure (P) 4402,1 p

=997,2 kg/m>x9,81 m/s’x0,45 m

Table 1 illustrates the calculation of Tertiary channel parameters with a 0.50 m of B,
which results in a 7.56 m/s of water flow rate. With this velocity, the discharge of water can pass
through a 0.50 meters open channel is 1.70 m%s. The water discharge at that speed always
puts pressure at 4487.4 Pascal to the Watergate plate and resulted in friction between the plate
and the frame of Watergate. This friction as another load (weight) of Watergate when driven by
a DC motor. Completely the size of the flow rate at 5 tertiary channels in Manikin I.A as shown
in Table 2.

Table 2. Water Flow Velocity at 5 Tertiary Channels in Manikin I.A

No channels size v Parameters 3

A (m9) K (m) R (m) V (m/s) Qmax (M°/s) P (pascal)
1 B=0,40 m, h=0,56 m 0,224 0,45 0,5 7,56 1,69 5478,2
2 B=0,50 m, h=0,45 m 0,225 0,45 0,5 7,56 1,70 4487,4
3 B=0,60 m, h=0,37 m 0,222 0,44 0,5 7,56 1,68 3619,5
4 B=0,70 m, h=0,32 m 0,224 0,45 0,5 7,56 1,69 3130,4
5 B=0,80 m, h=0,28 m 0,224 0,45 0,5 7,56 1,69 2739,1

Table 2 shows that water flows velocity from 5 tertiary channels in Manikin I.A with
different bottom width channel and different pressure. From all channels have the same (almost)
of the flow velocity and Maximum water flow. The water flow velocity in all channels is 7.56 m/s
and the average water discharge is 1.69 m®/s. The discharge and velocity provide different
pressure on the Watergate and affect the weight of the Watergate when driven by a DC motor.
Figure 4 shows a Watergate that will be placed on the Manikin open channel. The Watergate is
made of steel with a handlebar and a gear connected to a DC motor. The plate of Watergate is
flanked by elbow steel on both side and top.

DC Motor

Door Frame

Support Pole

QQ

= Control System

“

Door Plate

Wo

—
Figure 4. Watergate for Manikin LA

The maximum capability of a DC motor is calculated when the channel is filled with
water. There are 4 main components that affect the work of Arduino smart irrigation system,
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there is the plate of Watergate, handlebars, steel gear and elbow steel on the frame. When
there is a flow of water with a certain speed and discharge, the friction between the plate and
the frame becomes an additional parameter that affects to the lift capability of DC motor. Based
on Table 2, the weight of Watergate is reviewed in 2 states, i.e. when the channel is empty and
filled. When the channel is empty, the door weight is a heavy accumulation of 4 main
components. The result of the measurement of each component in the empty channel obtained
by weight of

2.75 kg+1.75 kg+5.25 kg+2.75 kg+0.75 kg=13.00 kg=13.00x9,8=127,4 Newton

this means that when the channel is empty, the door weight for the 0.5 meters wide channel is
127.4 Newton. However, while inside the drains, the weight affected by the pressure received,
the friction between the door plate and frame and the density of water. For a 0.5 meters width
channel, calculations are made as in Table 3.

Table 3. The Lifting Load of Doors at 0.5 m Width and 7.56 m/s of Flow Rate

Figure Specification Value
; The weight of steel groove :
_
— Motor G Wo=1x 3,00 X 0,50 X 10 15N
Weight of door plate:
DoorF
OOTEIAME  \W,=0,56 x 0,45 x 0.005 x 7,8 x 10° 98,28N
Stang Weight of elbow steel : 9N
W,=2 x 1,50 x 0,30 x 10 15N
oy W3=1x 0,50 x 0,30 x 10 !
/('QQ Weight of handlebar:
= F'—»cmol System Wa=0,70 X ¥ X 0,030 X 7,8 x 10 40,95N
o The weight of Watergate (G) : 164,73 N
Maximum Weight Maximum with pressure:
H=1/2(0,50 + 0,45) x 1,70 x 7,56 x 8,9 x 10°  >147226N
friction force:
Door Plate Wg:f X H:O,S X 16159,5 154416778 N
Hi
Lift and Press force:
Wg + G=154416,78 + 164,74 igigg;gi m
T W 154416,78 - 164,74 !

In Table 3, the weight of the Watergate that influence of water pressure is 154581.52 N,
which means that when the 0,5 meters channel has water, a flow rate is 7.56 m/s and there
154581.52 N maximum load that must be driven by a DC motor as far as 0.6 meters so it
requires an energy of 154581.52/0.6 meters=257635,867 Joule. The power to be prepared for a
DC motor is (Wxh)/t=257635,867/7200 s=35.78 Watt. If The system using a 12 Volt for DC
motor, so, the current capacity is 35.78/12=+ 3 Ampere. Completely, the lifting load calculation
of 5 open channels (tertiary) in Manikin I.A is given in Table 4.

Table 4. Lifting Load Calculation on 5 Open Channel in Manikin I.A

Watergate Parameters

size G (N) H (N) Wy (N) WG (N) Power (Watt) Current (A)
0,40 x 0,56 166,91 577633,14 173289,94 173456,86 | 173123,03 40,15 3,3
0,50 x 0,45 164,73 514722,60 154416,78 154581,52 | 154252,04 35,78 2,9
0,60 x 0,37 164,99 550353,75 165106,13 165271,12 | 164941,14 38,26 3,2
0,70 x 0,32 167,90 583352,28 175005,68 175173,58 | 174837,78 40,55 3,4
0,80 x 0,28 170,26  612765,00  183829,50 183999,26 | 183659,24 42,51 3,5

Graphically, the smart irrigation system power requirement in 5 open channels at
Manikin I.A is given by Figure 5 (a) and Figure 5 (b).
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Graph of the relationship between Irrigation Water Gate to Graph of the relationship between Irrigation Water Gate to
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Figure 5. Watergate weight relationship with dc power, and current
(a) watergate weight and dc power (b) watergate weight and current

Table 4 describes the calculation of DC motor power requirement for Watergate in 5
tertiary channels in Manikin I1.A. Each channel (according to the size of the Watergate) has the
total weight of the gate (G), the weight with the influence of water pressure (H) and the
accumulated load with friction occurring between plate and the door frame. The load
accumulation (weight of gate and friction) then converted to energy (Power) with the result of
gate 1 requires 40.15 Watt power, gate 2 requires 35.78 Watt, gate 3 requires 38.26 Watt, gate
4 requires 40.55 Watt and gate 5 require 42.51 Watt. Because the system requires a DC
voltage, which is 12 Volt, then each DC motor also get ideal current that can work on the DC
motor circuit. The result of Table 4 is projected through the graph of the relationship between
the weight of the door and the DC motor power in Figure 5 (a). For the wider Watergate, the DC
motor power is greater required, there are 35.7 Volts on the second gate to 42, 51 Watts on the
fifth gate. Similarly, Figure 5 (b) illustrates the relationship between the weight of the Watergate
and the current on the DC motor circuit. The wider of the Watergate, the current required for the
DC motor circuits is also greater i.e. 3.5 Ampere in the second DC motor circuit up to
3.5 Ampere in the fifth door DC motor circuit. If taken on average, the DC power requirement of
Arduino smart irrigation systems in the open 5 channels of Manikin I.A is 39.45 Watt, with an
average current of 3.26 Ampere to move the Watergate as far as 0.6 meters, for 2 hours in once
operation within 24 hours.

4. Conclusion

Development of the Arduino smart irrigation system for 5 open channels (tertiary) in
Manikin I.A requires a DC motor to drive the watergate when opening and closing automatically.
The study of the DC motor power requirement on 5 smart watergates gets power between 35 to
43 Watt or 39.4 Watt average. If the circuit voltage is 12 Volts, then the current electric average
in DC motor is 39.4/12=3.26 Ampere. Electrical power required to move the Watergate as far as
0.6 meters, lifting 2 hours (7200 seconds) in one process, for 24 hours. This power value
obtained is the ideal value for each gate developed on an open channel according to the size
tested. Power demand calculations on Arduino smart irrigation systems can be used for another
open channels (secondary, primary, tertiary, quarter) in any irrigation area.
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