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ABSTRACT

Over the past decade, Vietnam's shrimp industry has made great progress and brings Vietnam into
the rank of the world's largest shrimp exporters. The development trend of the shrimp industry in
the world as well as in Vietnam today is in the direction of intensive and super-intensive farming,
technology innovation to enhance productivity and quality. However, the shrimp farming industry
in Vietnam is facing many difficulties; one of them is the problem of environmental pollution, raising
negative impact on the economic effectiveness of farming. Causes are mainly due to excess food
and untreated shrimp waste, accumulated on the pond bottom surface and disintegrated to re-
duce dissolved oxygen concentration, release toxic gases such as NHs, HS and create a favorable
environment for harmful microorganisms to develop. Therefore, it is necessary to have a coun-
termeasure to thoroughly remove waste from the farming environment. This paper introduces a
general design of a waste remover, which is needed for shrimp farming ponds to remove waste and
solve the mentioned problem. This equipment moves on the bottom surface of the pond and can
be autonomous or manually remote controlled. During working process, the equipment brushes
waste on the bottom surface of the pond and suck it into the filter bag. The waste remover includes
such following main units: travelling unit, brushing unit, sucking unit, frame unit, transmission and
control systems. The equipment uses the principle of axial pumping, sucks waste along the water
stream by reducing the pressure inside the equipment and transfers waste into filter bags. This
general design basically meets the requirement of waste removal and can be a fundamental for
designing the detailed units, manufacturing and experiment implementation of equipment in the
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INTRODUCTION

The shrimp pond liner model 35 x 35 m with siphon
pit, the paddle wheel systems is the main obstacle that
the equipment must surpass. Surface pond bottom is
not flat and waste is often deposited at the bottom of
the rough point. A study pointed out that the attribu-
tion waste in the pond has the paddle wheel systems,
the waste centralizes primarily in the middle area of
the pond and surrounds siphon pit!. Most of the
waste is collected in the siphon pit, but the rest need to
be removed from the pond. Significant sludge buildup
may negatively affect the target crop by increasing bi-
ological oxygen demand, reducing usable habitat, de-
creasing availability of natural prey organisms and re-
leasing toxic compounds’. Typically, effluents from
aquaculture are characterized by increased nitrogen
species (ammonia, nitrites, and nitrates), organic car-
bon, phosphates, suspended solids, and high biologi-
cal oxygen demand (BOD) and chemical oxygen de-
mand (COD)>. Significant issues can result in the re-
lease of nutrient rich effluents such as these includ-
ing increased algal blooms, degradation of benthic
communities, oxygen depletion, and overall degraded

water quality?. Successful shrimp aquaculture re-
quires maintenance of water quality conducive for the
growth of shrimp. Common water quality concerns
for shrimp aquaculture include inorganic suspended
solids (ISS), total suspended solids (TSS), biochemi-
cal oxygen demand (BOD), chemical oxygen demand
(COD), dissolved oxygen (DO), and nitrogen>°®. A
number of physical, chemical and biological meth-
ods used in conventional wastewater treatment has
been applied in aquaculture systems. These meth-
ods are suitable for tank or small ponds’. Mechan-
ical method of sludge removal may be the solution
for commercial intensive aquaculture. In Vietnam,
farmers are using sludge pump for removing sludge
from fish pond to create healthy environment in the
fish pond®. A sludge remover was designed and fab-
ricated at Farm Machinery and Postharvest Process
Engineering (FMPE) Division of Bangladesh Agricul-
tural Research Institute (BARI), Gazipur, Bangladesh
with locally available materials. The main functional
components of the remover were axial flow pump, en-
gine, suction pipe, sludge collector with cutter, deliv-
ery pipe, float, propeller, rudder, crane, etc”.
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In Viet Nam, the study aims at designing of equip-
ment to clean shrimp pond bottom to replace the
manual cleaning is not interested in research invest-
ment, shrimp farmers have to wade in ponds daily us-
ing hand tools to clean the bottom of the pond. This
paper introduces a general design of a waste remover,
which is needed for shrimp farming ponds to remove
waste and solve the mentioned problem.

MATERIALS AND METHODS

Cluster moving and transmission system for
cluster moving

The equipment is determined to move on the bot-
tom of the pond so the options using the wheels are
selected with two wheels (Figure 1a), three wheels
(Figure 1b) and four wheels (Figure 1c). However,
with working conditions under water environment,
the friction of the wheel with the bottom of the pond is
reduced, so that the contact surface between the wheel
and the bottom surface of the pond must be large to
increase the friction between the equipment and the
bottom pond. The method using belt was selected for
increase the friction, the wheel should be converted
into the pulley and move through the friction between
belt surface and bottom surface of the pond. The op-
tion using three pulleys are eliminated because it is
difficult to arrange the belt. The bottom surface of
the pond is not flat, so the option using four pulleys
is selected instead of two pulleys to ensure balance
while moving and turn right, turn left, and turn back
of the equipment. The remaining problem is trans-
mitted torque for the pulley, two proposed methods
is using the differential gear with one motor or us-
ing two independent control servomotors and direct
transmits. The differential gear can solve the problem
of turn left, turn right and turning back but it is lim-
ited when the equipment moves off compare to tra-
jectory because the bottom surface of the pond is not
flat. As aresult, two independent control servomotors
are selected, which enables the equipment to be more
flexible and easier to adjust as the equipment moves
off trajectory.

Pump cluster

The main task of the equipment is to suck waste de-
posited on the bottom of the pond and remove it from
the culture pond. To perform this function, the equip-
ment is equipped with a filter capable of filtering and
holding the waste. Waste is sucked into the filter bag
according to water flow, so the filter bag should be at-
tached to a pipe suck.
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To increase the working time, the equipment requires
a large filter bag, so the filter is designed with two
pipes suck and two filter bags arranged on either side,
the suction mouth is arranged at the bottom of the
equipment to suck the waste on the surface of the
pond bottom. In order to bring water and waste into
the filter bag, it is necessary to select the appropriate
type of pump. The waste and water can be suck into
the filter bag, but this method must use two pumps.
The simpler choice is to use atmospheric pressure to
put the water in the filter bag, so the filter bag is placed
in the body cavity of the equipment. The axial pump
sucked water out of the body cavity through the outlet
on the lid of the body. The pressure in body cavity de-
creased, the atmospheric pressure pushes the flow of
water and waste in the body cavity in order to balance
the pressure. As such, filter bags and suction pipes are
designed to be assembled together by quick couplers
for easy cleaning. At the quick couplers need one-way
rubber valve to prevent the waste reflux back when the
pump stopped working.

Brush cluster and transmission system for
cluster brush

There are two methods to brush the surface of the
proposed pond bottom lining, the vertical brush
shaft (Figure 2a) and the horizontal brush shaft
(Figure 2b). Regarding the vertical brushing shaft
method, the brushing system will consist of two shafts
that are rotated in opposite directions by a transmis-
sion belt, brushing and pushing water and waste into
equipment chassis. However, this option cause hin-
ders when the equipment overcome obstacles, and the
transmission for vertical brushing shaft is more diffi-
cult than the horizontal brushing shaft. With hori-
zontal brushing shaft system, the shaft is covered with
soft and long enough bristles and is transmitted from
the pulley shaft through the gear transmission. Due to
the lager transmission, the brushing shaft rotates with
large speed to ensure the ability of cleanliness. The
waste is also pushed in equipment chassis for suction.
The horizontal brushing shafts also supports for the
equipment when it overcomes obstacles which are not
too large at the bottom of the pond.

Frame cluster

The frame consists of two main parts, the lower half
and the upper half of the frame are structured as a
closed box. Internal space contains motors, pumps
and filters. The lower half of the body is placed with
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(a) Two wheels.

(b) Three wheels.

(c) Four wheels.

Figure 1: Methods using wheels.

(a) The vertical brush shaft.

(d) The horizontal brush shaft.

Figure 2: Design methods brush shaft.

the suction gate, one-way drain valve to drain water
out of the body cavity when the device stopped work-
ing. The upper haft of the body is designed to be as-
sembled to the exhaust pipe of the pump and has two
doors to disassemble the filter bag. The two halves
form a closed cavity to limit the pressure loss in the
cavity when the device is operating.

The navigation and sensor system

Self-propelled equipment at the bottom of the pond
which needs to be monitoring the location of equip-
ment, GPS navigation system is proposed. The first
problem to be solved is the transmission of the sig-
nal when the equipment is moving under water and
mitigates the deviation of the GPS navigation system.
In order to solve the problem of signal transmission,
the GPS sensor is assembled on the float and float-
ing on the water, the float holding mechanism is rigid
enough so that the float is not drifted, cause of the de-
viation between the float and the equipment. How-
ever, the deviation of the GPS is still very significant.

The second solution is replaced the GPS with ultra-
sonic beacon sets, a mobile beacon equipment assem-
bled on the waste remover and four fixed beacons are
placed at the four corners of the pond. The position
of the equipment is determined by the four fixed bea-
cons via an algorithm. In addition, the equipment is
equipped with rotary angle and acceleration sensor to
adjust when the equipment moves off trajectory. For
monitoring location of equipment, four fixed beacons
create a pond map, software used to connect the navi-
gation system to draw the operating trajectory for the
equipment, so that it can monitor and control the op-
eration of equipment on the computer screen.

Based on the initial analysis, the schematic diagram
and the general diagram of the equipments control
system are defined.

The schematic diagram (Figure 3) illustrates the ar-
rangement of main components and the motions

when the equipment is operating.
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Figure 3: The schematic diagram of the waste remover”

“1-Active shaft; 2-Shaft coupling; 3-Motor; 4-Passive shaft; 5-Transmission belt; 6-Passive gear; 7-Intermediate gear; 8-Active gear;
9-Belt; 10-Pump; 11-Brushing shaft; 12-Suction pipe; 13-Filter bags; 14-Body cavity; 15-Outlet pipe; 16-Impeller.

Computational theory

In order to operate the equipment, it is necessary to
determine the torque on the motor shaft as a basis for
selecting the engine power. A diagram of the exter-
nal forces on the equipment (Figure 4) is constructed
that skipping the drag force of the water, which acts
on the surface of equipment, within a small velocity of
the equipment. The main external forces of the equip-
ment including: The weight of the equipment full wa-
ter (W), the thrust of the water (Fy), the thrust of the
pump (Fp), the reaction of the bottom pond (N), the
force Between the outside of the belt and the bottom
of the pond. From these forces, the torque can be cal-
culated on the active axis of the belt (T).

W=M.g (1)
Fp=pw.Vog (2)
Fy=pw.Qv (3)

N=—-Fy+W+F, (4)

Fps = U.N (5)

T = %rb (6)

where M: The mass of the equipment full water.
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g: gravitational acceleration (m/s?).

pw: Specific gravity of water (kg/m?3).

V,: The volume of the equipment full water (m?).

Q: Pump flow (m3/s).

v: Velocity of water flow (m/s).

u: Coeflicient of friction between the outer surface of
the belt and the bottom surface of the pond.

rp: Radius of the pulley (m).

The control system of the waste remover (Figure 5)
uses two microcontrollers on the central control
board and the control board communicates with each
other and receives control information from the user
and executes control commands for three motors.

RESULTS AND DISCUSSION

From the the initial analysis, the schematic diagram
and the general diagram of the equipments control
system, the 3D model of the waste remover is designed
by SolidWorks software (Figure 6) and the proposed
operating parameters are as follows:

Speed: 15 m/min.

Total power: 500 W.

Flow: 40 m?/h.

At a speed of 15 m / min, the waste remover will op-
erate a 1000 m? (35 x 35 m) pond for a maximum of 2
hours and only one operator compared to two manual
workers as the current practice. Electricity consump-
tion in 2 h is 1 kW equivalent to 2.700 VND (high-
est electricity price) for each pond, which saves labor
costs and improves working conditions when shrimp
farmers haven't to wade down to the pond to clean the
bottom of the pond every day. In addition, the oper-
ator can do some value creation work while the ma-
chine is operating in automatic mode. The amount of
water filtered in 2 hours is 80 m3, so the device will
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Figure 4: Diagram of external forces analysis on the equipment.

mainly absorb and filter a layer of water about 8cm
thick on the surface of the pond bottom, this is the
area containing waste deposited should be removed
from the culture environment. These results will be
verified through the pilot operation of the equipment
at a shrimp farm.

CONCLUSION

The waste remover was designed, manufactured and
tested, met with technical requirements and available
for evaluation of operating effectiveness.

ABBREVIATIONS

BOD: Biochemical Oxygen Demand

COD: Chemical Oxygen Demand

TSS: Total Suspended Solids

DO: Dissolved Oxygen

FMPE: Farm Machinery and Postharvest Process En-
gineering

ISS: Inorganic Suspended Solids

BARI: Bangladesh Agricultural Research Institute
GPS: Global Positioning System

VND: Vietnamese Dong
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Figure 6: The 3D-design model of the waster remover.
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Thiét bi hat chat thai trong ao nudi trong thay san
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TOM TAT

Hon mot thap ky qua, nganh tom Viét Nam da tién bo vuat bac, dua Viét Nam vao hang ngli cac
nudc xudt khau tém I6n nhat thé gidi. Xu hudng phat trién clia nganh tém thé gidi ciing nhu Viét
Nam hién nay di theo hudng tham canh va siéu tham canh, d&i mdi cong nghé nham nang cao
nang suat va chat lugng. Tuy nhién, nganh nudi tom Viét Nam hién nay gdp nhiéu khé khdn, mot
trong s6 do la van dé 6 nhiém moi truong nudi gay tac dong tiéu cuc dén hiéu qua kinh té nubi
trong. Nguyén nhan chd yéu la do thiic an du thira va chat thai tir tém chua dugc xtr ly, lang dong
dudi day ao va phan hlly lam gidm néng dé oxi hoa tan, gidi phdng cac khi déc nhu NH3, H2S, tao
mai trudng thuan Igi cho vi sinh vat c6 hai phét trién. Do d6, can phéi cé bién phap loai bo triét dé
chat thai ra khéi moi trudng nudi. Bai bdo gidi thiéu thiét ké mot thiét bi hdt chat thai st dung cho
ao nudi tdm nham loai bd chat thai ra khdi moi trudng nuoi. DE gidi quyét van dé néu trén, thiét
bi nay di chuyén trén mat ddy ao, co kha nang tu hanh hodc dugc diéu khién bang tay thong qua
bo diéu khién tirxa. Trong quad trinh lam viéc, thiét bj chai sach chét thai trén bé mat day ao va hut
vao trong tui loc. Thiét bi hut chat thai gém cac cum chinh: cum di chuyén; hé théng truyén dong
cho cum di chuyén; cum chai; hé théng truyén dong cho cum chai; cum hut; sir dung nguyén ly
bom hudng truc huat chéat thai theo dong nudc bang cach lam gidm &p trong khoang than thiét bi
dong thai loc tach chat thai bang tui loc, cum khung; hé théng dién - diéu khién. Thiét ké nay co
ban dap Uing céc yéu cau chiic ndng loai bd chat thai trong ao nudi tdm, la co sa cho viéc thiét ké
cac cum chi tiét, ché tao va thir nghiém thiét bj sau nay.
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