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1. Introduction

The objective of this project is to develop a remotely operated water hydraulic actuator or
ROWHA for sustainable industrial application [1]. The purpose of using water as a hydraulic actuator
in this experiment is to transfer the fluid energy, power and the resource sustainably, with
environmental friendly impact. The safe, hygienic and low maintenance cost characteristics of water
should provide interesting viewpoints due to concern over issues in hydraulic fluid contamination,
flammability, disposal, and costly maintenance [2,3]. Currently, water hydraulics offer various
hygiene solution in many environmental friendly applications such as in underwater application,
sustainable industrial scissor lift and waste packer lorry [4-13]. Thus, the project focuses on the
development of a remotely operated water hydraulic actuator, which can be used in sustainable and
environmental friendly industrial application. In this paper, the pressure difference during extension
and retraction of the cylinder with variable loading is presented. Pressure different is the analysis of
pressure changes over time. The momentum of the fluid that being stop or flow creates a pressure
wave that travels through the pipe system, causing everything in that closed system to significant
forces.
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Most analysis of flow in pipelines and networks has assumed the flow to be at steady state
conditions. This means that the flow does not change with time at any location in the pipeline system.
The analysis becomes simpler and solutions are easy to obtain by assuming hydraulic in system is in
uniform flow. Study on transient condition is important because pipeline flows are frequently in
unsteady state due to the sudden opening and closing of valves. All transient flows are transitions,
whether in long or short duration. Transient flow can be defined as the flow fluctuation when the
velocity and pressure of a fluid or gas flow change over time due to changes in the system. Relating
specifically to pressure, they are sometimes called dynamic pressure changes or pressure transients.
It is not feasible to prevent pressure transient when operating a piping system, but this situation can
be controlled. The main causes of transient flow conditions are closing or opening of valves in the
piping system, switching off the power supply, or a power failure and/or equipment failure. The
sudden closure of a control valve, stopping of a pump, and variation of discharge due to pipeline
rupture lead to excess pressure in a pipeline [14]. Wood et al., [15] stated that the pressure transient
results from an abrupt change in the flow velocity and can be caused by main breaks, sudden changes
in demand, or uncontrolled pump starting.

2. Methodology
2.1 ROWHA Analysis

In this paper, a test rig for ROWHA is designed so that it can be remotely controlled. An arduino
transmitter and receiver unit have been utilized as the remote controller of an electro-hydraulic
actuator. The electro-hydraulic actuator, has been fabricated by using a tie-rod cylinder, and coupled
with a 24 VDC four-way electro-hydraulic valve. The overall dimension for ROWHA is 464 mm x 88.5
mm x 200mm (base x width x height), as shown in Figure 1.

Fig. 1. Remotely Operated Water Hydraulics Actuator (ROWHA)
ROWHA is based on the single rod actuator, and is shown as a single mass-spring damper system,
represented by mass, spring rate and viscous coefficient as m, c and k respectively. Figure 2 shows
that PA and PB are the fluid pressures on the A and B sides of the actuator, respectively, and actuator

force efficiency is represented by nar. The motion of ROWHA can be represented by [16-19].

my + cy + Ky = Nar (AaPa + ApPs) —F — F, (1)
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Fig. 2. ROWHA analysis of ROWHA

The assumption during a steady state condition isy = 0, Pa = Pg = Ps/2 and F = 0. Therefore, the
nominal force exerted on the hydraulic actuator by the load given

Fo = Nar(Ax — Ap)Ps/2 (2)
The following equation is produced by the substitution of the previous Eq. (1) and Eq. (2), where
my + ¢y + ky = nNar (AaPs — ApPp) — (Nar (Aa — Ap)Ps/2) — F (3)
Thus, the following Eq. (4) can be used to describe the output dynamics of the rod,

my + cy + ky = n,¢ (Aa(Pa — Ps/2) — Ag(Pg — Ps/2)) — F
(4)

The equation shows that the actuator pressures Pa and Pg are the required input for adjusting the
position of the rod. The flow going in and out at side A and B is given as

A .
=24y g
Ap
Qp = y
B

where Qa and Qg are the volumetric rates into and out of the actuator. The actuator volumetric
efficiency is represented by nav. The volumetric flow rates of Qa and Qg, can be represented at the
spool valve in as

Qa=0Q2—01 (6)

Qp = Q4 — Q3
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The linearized flow equations for fluid passing across the metering lands of four-way spool valve are
given by

Q1 = KcPs/2 — Kgx + Kcx(Py—Pg) (7)
Q, = K:Ps/2 — Kqx + Kcx(Ps—Py)

Q3 = KcPs/2 — Kgx + Kcx(Ps — Pg)

Qs = KcPs/2 — Kyx + Kcx(Pg—Pg)

where KcPs is the flow rate across each the valve, and Kq and K are the flow gain and the pressure-

flow coefficient. By substituting Eq. (6) and Eq. (7), and P, = 0, the volumetric flow rates into and out
of the hydraulic actuator can be expressed as

Qa = 2KqX — 2K (Pa — Ps/2) (8)
Qg = 2Kgx — 2K (Pg — P5/2)

Thus, the pressures on both sides of the linear actuator may be written as

A .
P, —Pg/2 = K,x — Zchavy (9)
B .
PB—PS/2=—pr+2Kn y
c'lav

where K; is the valve's pressure sensitivity given by the ratio of the flow gain to the pressure-flow
coefficient Kq/Kc. By substituting Eqg. (9) into Eq. (4), the following equation for the motion of the
system is,

.. Aa®+Ag° .
my + (c+ 22y + ky = o (Ax + Ag)Kpx —F (10

The equation shows the overall dynamics of the ROWHA, which is influenced by the design of the
linear actuator and the spool valve. Eg. (10) may be simplified by neglecting the inertia and viscous
damping, as follows

ky = nas(Ap + Ap)Kpx — F (11)

Using a standard on-off controller, the control law for the displacement of the valve can be written
as,

1 (move), if v = 24 volt
= 1 (move

0 (move),if v < 24 volt (12)

where v represents the input voltage on the ROWHA. This is clearly depicted in the block diagram, as
shown in Figure 3.
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Fig. 3. The position-control block diagram of ROWHA

2.2 Flow Process

In this system, the pump, pressure relief valve, sensor and ROWHA are connected to the tank.
The fluid flows from the pump to perform certain tasks and return to the tank. A controller will be
used to control the flow of the fluid. The pressure of the fluid in the piping system is constant if the
fluid travels at the same velocity. There will be a pressure difference when the valve is either being
open or close. This is because the fluid pressure from the pump is continuously supplied to the piping
system. The system is designed so that it is easily maintained at the lowest cost possible. However,
such design might create a disadvantage where it could create excessive pressure when the pump is
still pumping with a valve closed thus pressure relief valve is being used. Pump inlet creates a vacuum
condition that allowing atmospheric pressure from surrounding to force the liquid from the tank into
the pump line. Then this liquid will be transferred to the pump outlet before being delivered to the
ROWHA. The water flow through the pipe, pressure relief valve, pressure sensor, ROWHA and back
to the tank. The pressure of the water flow can be obtained from the pressure sensor. The valve will
be closed to observe if there is pressure difference during the water flow being stopped. The setup
of this experiment is shown in Figure 4.

Remotely Operated
Water Hydraulic
Actuator

Load

1 (]

[ — |
I ]

Fig. 4. Schematic Drawing of ROWHA
experiment
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2.3 Test Rig
i. Data logger

A set of data logger Hydrotechnik Multisystem 5060 plus in Figure 5 was used to record data of
pressure flow over time in the system. It has 24 channels and 2 GB of memory. It was easy to handle
since it has USB stick function that can easily transfer the data from data logger into personal
computer.

Fig. 5. Data Logger Hydrotechnik
Multisystem 5060 plus

ii. Pressure Sensor

Hysense PR100 from Figure 6 is one of the pressure sensor from Hydrotechnik product that was
used to measure pressure changed in the ROWHA system. The HySense PR 100 with its high-grade
steel membrane, is an extensively proven pressure sensor for mobile applications. It is design
specifically for water application. It can measured pressure up to 60 Bar.

F%G Hysense ‘I5R100
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iii. Cylinder

A single rod double acting cylinder in Figure 7 was used in this ROHWA system. The cylinder’s rod
can move forward (extending) and backward (retracting) direction. Water hydraulic was used as a
medium to move the cylinder. This cylinder which is a product of AirTAC have bore and rod size of 63
mm and 20 mm respectively.

iv. Pump

Figure 8 show a high pressure washer form EROX HP90 that was used in this experiment. This
pump will push water into the ROWHA system to control the cylinder. It can supply pressure up to
250 Bar and maximum flowrates of 8 I/min.

Fig. 8. EROX HP90 pressure washer

v. Controller

A wireless Play Station controller in Figure 9 that was programmed by Arduino was used as a
controller to ROWHA system. The operation of cylinder’s rod extension and retraction was controlled
by this controller. PS2 controller act as a command platform that giving a signals to ROWHA'’s
actuator.

Fig. 9. PS2 controller
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3. Results and Discussion

Figure 10 and Figure 11 show experiment result based on the operation of extension and
retraction of ROWHA by using different load which are no load, 1 kg, 3 kg, and 5 kg. By using a
controller, when x[v] = 24 volts, the actuator will receive a signal that allows the movement of
ROWHA'’s spool. The input pressure that supplied by a pump is 12 bar. The initial drop of pressure
indicates the rod extension of ROWHA. When the rod was fully extended, pressure will rise back to
approximately 12 bar which same as pressure input. Time taken for the rod that have 40 cm distance
to move for fully extend is 5 s. Meanwhile, the second time of pressure drop is when the rod was
being retracted. After the rod was fully retracted, the pressure in the system back to approximately
12 bar. All four variables show a same pattern graph where, pressure during extension is lower than
retraction. Pressure area during extension is higher compared to during retraction. This is because
Eq. (2) shows that low pressure area will give high pressure to the ROWHA system.

The whole pressure flow of this experiment can be seen in Figure 10 while Figure 11 shows the
combination of graph for variable of load which are no load, 1 kg, 3 kg, 5 kg of load. During extension
with no load installed at the ROWHA, the pressure drop to 1.05 bar while for 1 kg, 3 kg, and 5 kg the
pressure drop are 1.24 bar, 1.57 bar, and 1.78 bar respectively. Meanwhile during retraction with no
load install at the ROWHA, the pressure drop to 2.07 bar, while for 1 kg, 3 kg, and 5 kg the pressure
drop are 2.42 bar, 2.63 bar, and 2.87 bar respectively. The different value of those pressure can be
seen in Figure 12. For all parameter when the rod is fully extended and retracts the pressure is
approximately 11.5 bar to 11.98 bar. The pressure slightly loss from 12 bar since there must be a
pressure loss from hydraulic flow in ROWHA system.
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Fig. 10. ROWHA with no load
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4. Conclusions

The fabrication of ROWHA'’s test rig was done in order to run the experiment. The study of
hydraulic behavior in remotely operated water hydraulic actuator is still in early stage. In this paper,
the main focus is on the pressure characteristic of the variable load. Based on the experiment that
have been conducted, pressure during extension and retraction increased when apply additional load
on the cylinder. Pressure during retraction is higher compared to extension due to different of
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Fig. 11. Comparison during extension and retraction of ROWHA
with no load (black line), 1 kg of load (red line), 3 kg of load (yellow

line) and 5 kg of load (blue line)
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pressure area covered in the cylinder. The study will provide information regarding to the use of
ROWHA application in sustainable and environmental friendly industrial application. The important
of observing the pressure in the system is to maintaining the quality and consistency of a product.
Besides, to avoid excessive pressure in the system since it might cause cylinder cracked. Further study
will be conducted in the measurement of flowrate and temperature behavior of the remotely
operated water hydraulic actuator.
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