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Abstract: This study proposes a low-cost water hydraulics food processor for a traditional cookies production. The
hygienic, safe 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. The
objective of this project is to introduce the design and the working principle of the water hydraulics-driven food
processor, and to determine production process performances and capabilities. In this paper, results of the
corrosion monitoring of the test bed is presented. PLC is used in the testing of the machine, by creating an
automatic movement of the cylinders. The Total Dissolved Solids (TDS) and pH analysis of the water hydraulics
quality used in the process is discussed.
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1. Introduction

The objective of this project is to develop a food processor using water as the pressure medium and controlled low
cost electro-hydraulic components and controllers. Water hydraulics encourages a sustainable approach in power
transmission. [1]. Basically, the aim of using water is to transfer the fluid energy, power and the resource sustainably,
with environmental friendly impact. The hygienic, safe 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 the food processing industry, as
demonstrated in the water hydraulics beef cutter, burger production and ice filling machine. Other environmental
friendly application also includes the use in underwater application, automotive, sustainable industrial scissor lift and
waste packer lorry [4-13]. Thus, the project focuses on the development of a traditional food processor apparatus
powered by water hydraulics. The quality of the water used in the power transmission medium is tested for pH and
TDS readings. A test rig consists of two water hydraulics cylinders have been developed for the system and assembled
into a robotic manipulator driven by a low-cost water hydraulic system [14]. The cylinders have double acting
configuration, with bore size and stroke of 40 mm and 125 mm respectively. The test rig is controlled by CP2M
OMRON programmable logic controller system, to produce an automatic food processing movement. The system
resembles an automated cookies extrusion system, whereby the cookie dough is pressed to form a unique shape for the
cookies, as shown in Fig. 1.
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Fig. 1 - Water-powered cookies production system [14].

2. Literature Review

2.1 Advantages and disadvantages of water hydraulic

One advantage of water hydraulics is that it is suitable for hygiene solution in food processing industry, which can
be used to replace bio-oil or oil based hydraulic systems. In comparison to pneumatic system, water hydraulics system
has the advantages of much higher efficiency and saving energy costs, lighter weight of devices due to higher power
density, and significant advantages of easy to flush and clean according to the requirements and regulations in the food
processing industry, [15].

Fig. 2 - Water-powered burger machine [15].

Nowadays, water hydraulics still faces with some main difficulties for widening application. The first challenge is
the expensive water hydraulic components capital cost, which is normally more expensive than traditional hydraulic oil.
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However, the low maintenance cost of acquiring and disposing the water can compensate the previous initial cost. The
second challenge is that the control performances of water hydraulic systems are affected by nonlinearity due to strong
friction and considerable leakage than oil hydraulics. Furthermore, due to its nature, water hydraulics is always
measured as having a low energy efficiency, lower than their counterparts. The third challenges involve the corrosion
aspects associated with water properties. In water hydraulics system, corrosion depends on the condition of the metal
surface, either it is directly in contact with water, or protected with a protective surface films. It also depends on the
nature of the environment, with pH values. In the pH range of 4-10, corrosion rate is independent of pH, but it increases
rapidly when the pH falls below 4. The increase in oxygen and water flow rate will also increase the corrosion rate. The
increase in oxygen content will increase in oxygen concentration, that usually gives an increase in corrosion rate. The
increase in flow rate will increase oxygen access to the surface and removes protective surface films, which will usually
increase the possibility of corrosion. However, in some occasions, this will improve access for corrosion-inhibiting
reactants. At the same time, generally, low corrosion rates are found with the scale-forming hard waters [16].

2.2 Total dissolved solids

Total dissolved solids (TDS) refers to the amount of minerals, metals, organic material and salts that are dissolved
in a certain water volume that is expressed in mg/L. It is directly associated with the quality and purity of water, and
very important in water hydraulics system analysis. Total dissolved solids are measured as parts per million (ppm). In
general, sea water has a total dissolved solids (TDS) concentration of about 35,000 mg/ |. About 78 percent is sodium
chloride, 11 percent magnesium chloride, 6 percent magnesium sulfate, 4 percent calcium sulfate, with the remainder
primarily potassium sulfate, calcium carbonate, and magnesium bromide, in addition to suspended solids and
microbiological organisms. The U.S. Geological Survey classifies water with less than 1000 mg/ | TDS as fresh, 1000
to 3000 mg/ | as slightly saline, 3000 to 10,000 mg/ | as moderately saline, 10,000 to 35,000 mg/ | as very saline, and
more than 35,000 mg/ | as brine. The total solid content should be less than 500 mg/ |, based on the industrial uses of
public water supplies and not on public health factors. Higher concentrations cause physiological effects and make
drinking water less palatable. Dissolved solids, such as calcium, bicarbonates, magnesium, sodium, sulfates, and
chlorides, cause scaling in plumbing above 200 mg/ I. The TDS can be reduced by distillation, reverse osmosis,
electrodialysis, evaporation, ion exchange, and, in some cases, chemical precipitation.

2.3 Water pH analysis

The pH is a measure of acidity or alkalinity using a scale of 0.0 to 14.0, with 7.0 being the neutral point, a higher
value being alkaline and lower value acidic, as shown in Fig. 3. In the range of pH 4 to pH 10, the corrosion rate of
metal is relatively independent of the pH of the solution. In this pH range, the corrosion rate is governed largely by the
rate at which oxygen reacts with absorbed atomic hydrogen, thereby depolarizing the surface and allowing the
reduction reaction to continue. For pH values below 4.0, metal known as Ferrous Oxide, FeO, is soluble. Thus, the
oxide dissolves as it is formed rather than depositing on the metal surface to form a film. In the absence of the
protective oxide film, the metal surface is in direct contact with the acid solution, and the corrosion reaction proceeds at
a greater rate than it does at higher pH values.
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Fig. 3 - pH values.
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In general, hydrogen is produced in acid solutions below a pH of 4, indicating that the corrosion rate no longer
depends entirely on depolarization by oxygen, but also on a combination of the hydrogen evolution and depolarization.
For pH values above about pH 10, the corrosion rate is observed to fall as pH is increased. If water pH drops
significantly below 8.5, waterside thinning can occur. The normal manifestation of acidic attack is etching. In areas of
higher flow, the surfaces will be smooth. At the same time, any stressed area would be a principal area of attack. Other
than physical effects, the bactericidal, virucidal, and cysticidal efficiency of chlorine as a disinfectant also increases
with a decrease in pH, as chemical effects. The germicidal activity is greatly reduced at a pH level above 8.0. Corrosion
is associated with pH levels below 6.5 to 7.0 and with carbon dioxide, alkalinity, hardness, and temperature. It is
general practice to maintain high temperature water in the alkaline condition, but below very high pH values to
minimize the corrosion of iron and the steels exposed to the high temperature water [17].

3. Methodology

The test rig has been setup to work in an automatic mode in producing batches of cookies continuously. The
experimentation on the system is conducted by installing an OMRON CPM2A programmable logic controller system,
to produce the automatic movement. Fig. 5 shows the PLC unit used in the experimentation [18]. The OMRON
CPM2A PLC unit has 20 input and output points, with 12 inputs points and 8 output points. This is enough for the test
rig, which has the input sources of 1 start button for automatic movements, 1 stop button and 4 buttons for manual
operation. The output sources are 4 solenoid valves and 3 indicator lights. The data obtain are on weekly period from
June 2017 to March 2018. The water is tested three 3 times per week and taken before and after the experiment. The
water is usually taken from the water tank after every usage. For pH measurements, data of unfiltered and filtered water
is recorded. In this paper, tap water is used for the experiment.

Fig. 4 - Water-powered cookies production system.

4. Results and Discussions

4.1 pH level measurement

Fig. 6 shows the result obtained for pH measurement. A control sample is used as a reference, where the pH
reading of 7.66 is recorded on the litmus paper. It is recorded that in between September and November 2017, the test
rig shows an increase in pH values. This is noted when the experiment is conducted without the installation of a high-
pressure water filter. The filter was later installed in November 2017. In between November and December 2017, the
pH value is noted to be increased. It is possible that the pH measurement is high due to the prolong unused operation
for the food processor. In 2018, the test continues from January till March. It is noted that within that period, the pH
values of the water is at a constant pH 7.8. In general, however, the overall pH readings are acceptable to reduce
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corrosion effect. As previously mentioned in the previous section, corrosion will aggressively occur below pH 4. In
between pH 4 to pH 10, corrosion is independent of pH value.
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4.2 Total dissolved solids (TDS)

The levels of total dissolved solids affect all that consumes water. Thus, it needs to be measured to ensure the
quality of the water and the performance in industrial settings involving pipes, valves and other equipment. This
method is used to measure the amount of scale dissolved in the water hydraulics. By knowing the levels of total
dissolved solids in the water the quality of the system can be analysed. In this project, scale deposits from hardness
build-up is a major factor in causing the food processor to breakdown. It is also one off the factor that affect hygiene
issue. Therefore, samples of water are taken each time the food processor is operated. TDS tester is used for the
measurement. The results are compared to the control sample, a distilled water. The method used to monitor parts per
million level is similar to pH readings method, that is within the span of five weeks the water is sampled three times a
week. Fig. 7 shows the result for TDS readings. For reference purposes the distilled water has been recorded having a
TDS reading of 57 ppm. The lowest reading for the used water is of 118 ppm, which rises to 121 ppm after the
operation of the food processor rig. Although filter is used in the system, it is noted than this filter is unable to reduce
the TDS readings. The highest TDS reading is of 168 ppm (before) and 159 ppm (after). The increasing trend of TDS is
noticeable in the graph.

5. Conclusion

The water filtering system for the studied water hydraulics system is becoming weaker over time. It is suggested
that the quality of membranes and filters should be monitored, and replacement performed when necessary. In addition
to these, TDS can also come from air that contains nitrogen, sulfur, calcium bicarbonate and other kinds of minerals, as
well as rocks. Water is capable of picking up copper, lead and other metals as it passes through pipes used to move the
cylinder, during the extrusion process. High TDS levels may also indicate the presence of harmful chemicals. It may
also indicate the origin of the build-up of scale may originated from the valves and pipes, which is situated after the
position of the filter. The increasing trend of TDS is noticeable in the food processor, which suggest for a more
thorough study for corrosion rate in the system.
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