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Abstract: Current automatic gates control utilizes electrically powered motor, which is relatively
expensive in term of installation, operation, and maintenance that increases the cost of automatic
gates. For this, a new idea with automatic gate control system that uses a source directly from tap
water pressure to operate the movement of gate that is controlled with fluid power valves and
cylinders is developed. Tap water is directly connected to the system and does not use any additional
pump to increase the pressure. A double acting cylinder, solenoid valves and a remote-control switch
are the main components in this product. The type of gate that are consider for this paper are swing
gate and sliding gate. For sliding gate type, an additional device that is able to extend the maximum
reach of the piston cylinder is required. It is because the length of the piston cylinder is not long
enough to open the gate. After choosing the best design from some design, the selected design was
further analysed and simulated using Computer Aided Design (CAD) software. Then the CAD
software could determine the motion by simulation what the distance is through which the gate can
move or travel. The comparison between simulation data and actual data had a percentage of error
of 24.68% which refers to the movement or distance of gate travelled. Finally, both type of gate refers
to swing gate and sliding gate able to work using directly tap water. In conclusion the newly

developed automatic gate control for each type is cheaper in term of initial and operating cost.
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1. Introduction

A fence or gate is a structure that is used to divide
certain places that have different purposes or to prevent
something uninvited to enter their territory. There are
various designs of fence that are available in the market
since few decades ago. In the past, the main purpose of
fence was used for security purpose where to keep enemy
or wild animal away from their home or livestock. The
best example of fence that was used for defencing purpose
was the great wall of China. The invention of fence has
been around the world since even before civilization exist
and keep on evolving until today. According to an article
wrote by Brett Crouse (2014), a barbed wire fence was
first invented at DeKalb Country Fair in Illinois during
year 1873.

Agate is considered as a type of fence where it provides
a pathway at the fence to allow people to cross the fence
without the need to turn a whole big round around fence

in order to move to the other side. According to the book
written by Kiyoshi Toko Y, the idea of automatic door or
gate had been introduced more than 2000 years ago by
Heron of Alexandria in a temple in Egypt. The concept of
the automatic system was using water vapour and
pneumatically open and close the door. Currently there are
plenty mechanism of gate that available in the market.
Some of the mechanisms are only suitable for certain
application and have their own working principle.
Therefore, choosing which mechanism of gate is very
important where it depend on the condition of the area that
going to be installed. There are several mechanisms for
gate such as sliding gate, swing gate, vertical lift gate,
vertical pivot lift gate, and barrier arm gate 2.
Nowadays automatic sliding gate has a wide range of
use. Sliding gate is a type of gate that implemented the
sliding mechanism that slide on a rail. To slide smoothly,
a device that reduces the friction between the contact of
the gate and ground is needed. Example of the device is
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wheel or roller. By using wheels or rollers, a gate can slide
easily even though the gate is very heavy 419, Sliding
gate can be divided into a few types that apply different
type of mechanism. The advantage of using sliding gate is
it is space saving during operation when compared to
swing gate 4. The swing gate, on the other hand can be
divided into two types which are single and double swing
fence opening. This type of gate is common use for home
because it is easy to install and the cost is less than other
type of fence. The fence can open inwards or outwards .
When the automatic system attaches to this type of fence,
the fence usually can open in one direction only, either
inwards or outwards.

The installation fee for the conventional automatic gate
is high because the cost to purchase a motor is high as
shown in Table 3 the comparison overall price. Therefore,
a low-income household will have difficulty to acquire it.
Besides that, even after the installation user still must
spend some extra cost for the maintenance fee because
only specialist technician can do the maintenance and the
spare part for the automatic gate is costly too. Therefore,
the cost for maintenance will be slightly higher 239, In
additional most of the system that in the market do not
provide a full efficiency system and those system have
plenty of large, heavy, and complicated mechanism 2.

To solve this problem, this project with newly
developed automatic gate control is cheaper in terms of
initial and operating cost. Thus, the major contribution is
to improve capability for the home automation ™V, by
considering the low cost of budget in selecting suitable
infrastructure 2 1% 29, To assure maximum cost benefit,
appropriate component, maintenance, durability and
operating condition are important parameters that need to
be considered 29,

For this project, the double acting valve will be used to
operate the swing gate and sliding gate. The valve will be
moved by using water pressure supplied from the tap. The
valve will be operated remotely by using an Arduino
system.

2. Methodology

The flow chart in Fig. 1 shows the flow of this project.
The first part is to require customer feedback related on
the topic of the project. The feedback was required by
using survey form. Then a quality function development
(QFD) was used to develop a house of quality to translate
customer requirement to engineering characteristic. By
combining the voice of customer and QFD we can obtain
customer satisfaction.

Afterward, a concept design was generated. It will be
based on the customer requirement and engineering
characteristics resulted from the QFD. From the concept
design, few new concept designs were generated using
morphology chart. Finally, the final concept design was
selected by using Pugh method.

After choosing the concept for gate type, the simulation
needs to be done before fabrication process. It is to

confirm that the system can run in good condition. This
simulation had been tested using FluidSIM software
platform. The result for simulation is successful and the
entire component functioning as planned. For sliding gate,
the simulation was done by using Computer Aided Design
software 2% 24 %), Kinematic simulation was done to
simulate the movement of the design before fabrication 2>
23,24 For this gate type the length of the piston cylinder is
not long enough to fully open the gate. Therefore, an
additional device that able to extend the maximum reach
of the piston cylinder is required. After obtained the best
design, the design was further analysis, and three more
designs were generated from it.

The first design is three pairs of scissors with 500mm
length of linkage, second design is four pairs of scissors
with 500mm length of linkage and final design is four
pairs of scissors with 700mm of linkage length. A general
setup of the first design is shown in Fig. 5(a) where the
device is connected to a sliding gate. The piston at the
middle of the device will extend which allow the device
to extend as well that result in the sliding movement of the
gate which open and close the gate. After fabricating and
test run the product for both type gate then the comparison
with existing automatic gate using electrical power such
as the cost and electric consumption were discussed
thoroughly.
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Fig. 1: Flow chart of this project
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Survey Analysis

According to the survey analysis, the most important
characteristic for the product is low initial cost. The result
show that customer tend to get attracted by product will
lower price. The second more important is a product that
easy to maintain or maintenance. This characteristic is
also important because user do not require to hire expert
to maintain the product because they able to maintain it
themselves and at the same time can save maintenance
cost. Moving on, third most important is the durability of
the product. Every user would prefer product that has
higher life span. Moreover, fourth most important
characteristic is having other function other than opening
and closing gate.

House of Quality (HOQ)

The result for HOQ shows that material is the most
important  engineering  characteristic  during  the
development of the product because a good material will
determine many characteristics of the product such as
durability, cost, and strength. Second most important is
weight because too heavy weight will increase the
shipping cost and very difficult during installation and
maintenance. Third most important is dimension of the
product because large dimension will affect the cost,
weight, and occupy large space. Forth rank for the ranking
is speed because this characteristic will be used to
determine time require to open and close gate. Finally, for
fifth and sixth place are strength and force respectively.

3. Result and Discussion

Pressure of the Tap Water Supply

The data of the pressure was obtained from previous
report 2 where he had done the research on the swing gate
by using the same piston cylinder. The stability of the
pressure of water throughout the day is important so that
this project able to function as expected. The data of the
pressure is shown in Fig. 2 below. According to the figure,
the water pressure is at the lowest during the morning. For
daily water pressure, it is on the average of 41 psi while
the highest pressure is on Tuesday with 43 psi. Therefore,
we can assume the total average of the pressure to be
around 41.8 psi.

Pressure monitoring graph
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Fig. 2: Pressure of water throughout the day

Simulation of selected concept for swing gate

Left Gate Right Gate
I —i [ =
ag.de 000 =
39,68 =
— T - e 0.00 4
2 2 2
e I e I I - I i I .
3 =71 w71
Water Flow Out  VWater Flow Out

)\

Tap Water

Fig. 3: Hydraulic Circuit of the Project by Using FluidSIM

Fig. 3 shows the system hydraulic circuit of the project
using FluidSIM. A normal swing gate requires two double
acting cylinders to open both side of the gate at once. The
design of the circuit is shown in Figure 3.

After completing fabrication proses of each part, all
parts will assemble as shown in Fig. 4 (a) and (b) for
product testing. In overall, the testing was run smoothly
and successful as planned. The fence can be open and
closed automatically.

Fig. 4 (a) and (b): Fabrication and product testing for swing
gate

Simulation for sliding gate

For sliding gate type, an additional device that can
extend the maximum reach of the piston cylinder is
required. Fig. 5(a) shows the distance for 3 pairs with
500mm length and follow 4 pairs with 500 mm (Fig. 5(b))
and final design is 4 pairs of scissors with 700mm length
(Fig. 5(c)). The measurement was taken between the
surface of the block (red in colour) and the surface of gate.
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(©)

Figure 5 (a)(b) and (c): Simulation for sliding gate.

All the data of the distance are shown in Table 1 below.
Among the three designs, design number 2 was chosen as
the best design. One of the factors why design number 2
is the best even though design number 3 showed a longer
in distance is because the material required for design 3 is
more than those in design 2. Therefore, it is not worth it to
get an extra 20mm with the exchange of more weight,
space, material, and cost.

Table 1. Total travel distance for each design.

Design Travel Different
g Type distance[mm]

1 3 Pairs of 500mm

linkage 761.46
2 4 pairs of 500mm

linkage 1009.00

£ 700 20.6

3 4 pairs of 700mm

linkage 1029.60

The distance travel by the actual gate when the gate
was opened is shown in Fig. 6. The measuring tape
showed that the length of the distance obtained from
actual data is 760 mm. Meanwhile, simulation data
obtained was 1009 mm which has 249 mm difference
from the actual data. This experiment showed that the
simulation data and actual data obtained for the distance
of the gate travelled had a percentage of error of 24.7 %.

y

Fig. 6: Distance travel by the actual gate

Cost and power supply

This project is power by water pressure and used
electric to control the flow of the water. Therefore, this

project main resource is water. The piston cylinder will
extend and retract for every 1 cycle. During each of the
motion, water will be extracted out of the piston cylinder.
The amount of the water used for each cycle is 0.45L
which is 0.25L to close the gate and 0.2L to open the gate
for sliding gate but for swing gate the amount of water
used is double (0.90 L) because swing gate need two
piston cylinder. The detail of cost and the comparison with
existing product (using electric motor) are shown in Table
2. Its show that the cost for existing product using electric
motor is higher compare to the swing gate and sliding gate
using tap water supply and remote control.

Table 2. Detail of cost and the comparison with existing
product.

2.5 hours (0.5 min x 10 times/day x 30 days = 150 min)
x0.925 kW = 23125 kWh

Existing product
(using electric
motor)
2.3125 kWh x RM 0.218 (electric tariff/kWh)
=RM 0.504 per month
Swing gate Water supply
0.9 L/time x 10 times x 30 days = 270 L/month
270/1000 m? x RM 0.60/water tariff/m*= RM 0.162/month
(note 1000 L = 1m?)
Sliding gate Water supply
0.45 L/time x 10times x 30 days = 135 L/month
135/1000 m* x RM 0.60/water tariff/m*= RM 0.081/month
(note 1000 L = Tm?)

Lastly, the product had been compared to existing
product for the total cost and the power supply
consumption. The overall cost required to build the project
is cheaper compare to existing product. The overall cost
to build both of gate using tap water around RM604 -
RM821 while the total cost for existing product around
RM1438 -RM 1450 about 50% lower. This project is
much cheaper in price between exiting products because
this project uses low-cost mechanical price component
and without any electrical motor. Table 3 show the
comparison overall price between the existing
local/overseas product with swing and sliding gate using
tap water as a power supply consumption.

Table 3. The comparison overall price

Local product Overseas product Swing gate Sliding gate
(using motor) (using motor)
RM 1450 RM 1438.05 RM 821.25 RM 604.42
(Source: Dc ($329.51) (Include 2-unit (Include 1-unit
Motor 925W (Source: eBay) double acting double acting
Hybrid Auto cylinder, solenoid  cylinder, solenoid
gate.) valve, remote valve, remote

control, material cost
etc.)

control etc.)

4. Conclusions

The main objectives of this project are to design devices
that use water pressure as the power source to operate a
swing gate and sliding gate used in every household. The
fabrication of the device was successfully completed. The
testing of the device was done at one of residential area,
in Melaka where most of the houses in that area are using
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swing gate and sliding gate. The device manages to move
the gate as simulated in the simulation. For swing gate the
result of the testing is successful because the double acting
cylinder work as simulated. The water pressure does not
need additional water pump to increase the pressure. From
monitoring the water pressure, the minimum pressure was
33 psi and it is enough to actuate the common swing type
fence. The main component of this project is double acting
cylinder, solenoid valve and remote-control switch.

For sliding gate type the cylinder length is not long
enough to open the sliding gate to the desired distance.
Therefore, a scissor mechanism was fabricated, and the
cylinder was attached to the scissor mechanism. As a
result, the mechanism successfully achieved a longer
distance that unreachable by the current size of the
cylinder. The results which shown and prove that the
distance travel is extendable. Before attaching to the
mechanism, the cylinder was only able to achieve a
maximum distance of 300 mm which was lower compared
to after attach with scissor mechanism. The result from the
simulation showed that the distance travel was slightly
higher that the achieved actual distance by 249mm which
equivalent to 24.68% of percentage of error. Therefore,
the objective of this project to move the sliding gate and
increase the distance of the gate to open are achieved.

Lastly, the product had been compared to existing
product for the total cost and the power supply
consumption. The total cost required to build the project
is cheaper compare to existing product. The total cost to
build current size of the scissor mechanism device is
around RM 82.50. The component that has the highest
cost for this project is double acting cylinder which cost
around RM 280. Moving on, the water that flow out from
the piston cylinder can be used for an automatic plant
watering system.
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