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ABSTRACT

Vietnam is one of the major paddy producers in the world in which the rice processing to pass the
international quality standards is one of the huge problems need to be solved. One of these prob-
lems is how to separating the different color rice during the processing that plays an important role
to improve the quality of rice for export. Therefore, "Rice color separation machine" is an important
equipment of the rice harvested processing line. During the study to solve these problems at the
LAMICO Company, a big company in the field of rice processing in Vietnam, we have designed,
tested, and manufactured a machine for rice color separating by using the camera successful. This
device helps classify finished rice and whereby, export value of Vietnam rice also increases. After
checking and experimental investigation the working of the machine directly in some rice process-
ing factories in the Mekong River Delta, the results indicate that the machine works very efficiency
and separate all different color rice mix in the processing line. This paper presents the mechanical
design solutions for the adjust slide and spraying equipment position structural of the rice color
separation machines. Slides, spraying equipment and feeder are main structures in the mechanical
cluster of the rice color separation machine and their relative positions are important parameters
in deciding the accuracy and response ability of the spraying equipment as well as identifying rice
lines of the cameras. This paper proposes the design calculation determining parameters of the
relative distance for a standard working mode and make the gap adjustment mechanism for the
color rice separator machine can best respond the part of the image recognition camera control.
Key words: Rice color separator machine, Rice trough adjustment structure, rice processing line

INTRODUCTION

In the internal Vietnam economy, agriculture is the
most spread sector with high connectivity with many
other economic sectors.

Particularly within the food processing industry, the
processed rice exports industry accounted for 15% of
the country’s export turnover of $ 3.7 billion in 2012.
So as to achieve the above results, the automation
problem in the rice processing chain is strategic and
that is a matter of Government concern and devel-
opment. Rice color separator machine is a device in
the modern production line in the finished products
(Figure 1), so that it is highly determinant in the au-
tomatic processing line for exported rice.

RESEARCH METHODS

In this study, we used the theoretical analysis to cal-
culate the parameters of machine. The modeling
method also is used for designing the machine. Rice
color separator machine is designed based on the
principle of image recognition and processing by real-
time high speed CCD camera in suitable light en-

vironment. In order to perform color separation,

there are three basic elements: image processing al-
gorithms, lighting methods to recognize object and
mechanical frames. In this, the mechanical system is
responsible for feeding rice during the operation to
ensure the productivity and separation rice when the
control signal is appeared. Accurate and precise sep-
aration of the rice is critical requirement to the ma-
chine’s performance. In actual practice, the relative
position between the feeder, spraying equipment and
the camera angle is critical effect to the accuracy of the
separation.

Calculation and design process

(Machine Specification)

« Input capacity: 9 tons/hour.

o Accuracy: 98%.

o Maximum power consumption: 6kW, regularly
4 kW.

« Power supply: 220V/50Hz.

 Air compressor power: 10 Hp.

Based on the model and the calculation sequence of
the parameters (Figure 2), the following is the calcu-
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Figure 1: Location of the rice color separation machine in rice production line '
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Figure 3: Relative positionof camera and sprinklers

lation of important parameters of the rice color sepa-
rator machine.

Calculate the velocity of the rice as Figure 3 shown,
when coming out of the feeder vibrating at the re-
quired flow rate as follows:

Om
Vmtb = Fry (1)
Insides, the density of rice (), fill factor (y), the cut-
ting charge of the material line in leaning feeder (Fig-
ure 4), and the required flow rate for are (Qp,). The
suitable capacity of rice for a feeder are:
Calculated value: v,,,;, = 1.8 m/s
Calculate the output velocity of the rice at the end
of the leaning feeder and the time parameters for the
critical positions.

Rice speed at the end of leaning feeder.

cosa

V?nrb +2gL |sina— f (2)

Vek =
COS —
2

Therefore, the angle of the spraying equipment o, the
opening angle 6, the length of the feeder L, the coef-
ficient of friction of the spraying equipment with rice
f.

Calculation value vy, = 4.376 m/s

Calculate the orbit of the rice in space. In this section
the, determination of the distance between the spray-
ing equipment and the camera to meet image process-
ing speed limit and response capacity of the actuator
is pneumatic valve frequency 500~1.000 Hz.
Calculate the amount of time’s the grain falls from the
feeder move to the camera.

— Ve SINO+ 4/ v?k sin? o 4 2gye

8

3)

te =

Calculate the amount of time the rice falls from the
feeder to the spraying equipment t, and y,. Calculate
the time of movement from the camera to the spraying

equipment.
At =ty —t, (4)
Calculate the falling coordinates of finished rice.
y=xtgo + & 2 (5)

——X
2 2
2ka cos“ o

Given y = h (1.020 mm), the value given in the high-
selective design for the rice color separator machine.
Solving the equation (5), we calculate the long range
value from which the basis of choice is the width of
the feeder, x = Aa = 223 mm.

(6)

Vpx = Vi COS QL
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Figure 4: Modeling calculations using rice movement on leaning feeder which has a ditch.

Vpy = —/ V2 sin® o +2gy) (7)
The velocity of injection spraying equipment on the
rice by the spray force F, the calculated value of the
force is based on the spraying equipment pressure at
the 15 mm section.

F=ma

dv=Lar

Integral for two equations, with selective time t being
the response time of the spraying equipment. We get
the velocity value acting on the rice.

v=0.1Fm (8)

The total velocity of rice at the starting point of air in-
jection with the angle § = 90° —
Vpx = Vercosa + 0.01 Fmcos B

Vpy = —4 /v?ksin2 o +2gyp,+0.01Fmsin

The orbital equation of the rice is separated

0.1Fmsinf — v%k sin® ot +2gy,,
Y =

©)

vexcosa+0.1Fmcos B
8

2(vexcos o +0.1Fmcos )2

Solving the equation (9) with y = 0 (Fig 5) results in the
calculation of the longest range of classified rice x = Ab
= 535 mm,; calculating the value of the raw material
feeder in the design.

S174

Investigate the relationship and choose the
appropriate altitude

The time response factor is the factor that affects the
relative position of the image and pneumatic center
spray point, which determines the accuracy of the rice
classify process. Therefore, in the design needs to cal-
culate a pair of values (y1; y2; t) accordingly.

The image processing time is 1 ms, the signal trans-
mission time is 0.2 ms, the response time of the com-
pressed air valve is 1ms, so we can calculate the total
response time as fast as possible is: t;,=2.2 ms.
Based on the control time response, the results of the
computation showed that the appropriate pairs value
were selected (Table 1).

(y1;3y2:t)=(4;11;2.5)

DEMONSTRATION - RESULT-
DISCUSSION

The gas law in the top of the spraying equipment is so
complex that it is difficult to conduct a pressure profile
survey at any cross section to select the most suitable
distance of the spraying equipment to the orbit of rice,
so the simulation will take less time and consistent
with the problem of complex fluid*~°. Furthermore,
the convergence problem at the cross section will de-
termine the accuracy as well as the color separation of
rice. The results of the calculation are presented at the
center of the pneumatic hole located at the 15mm line
of rice (Figure 6).
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Figure 5: Model of falling position of rice when the force acting from the spraying equipment”

Table 1: The parameters about calculation and bias of

correspondence

Response time t (ms)  y. Yp Vi V2
2.045 5.800 8.689 6.000  9.000
2.159 5310 9.179 5.500  9.500
2.272 4.830  9.659 5.000 10.500
2.387 4.350  10.139  4.500  11.000
2.500 3.860 10.629  4.000  11.500
2.614 3.380 11.109  3.500  12.000
2.729 2900 11.589  3.000 12.500
2.843 2410  12.079  2.500  13.000
2.957 1930 12,559  2.000  13.500
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Figure 6: Model of the top of spraying equipment cross-section pneumatic is used to demonstrated simulation

model
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Figure 7: The result of velocity simulation at 15 mm of section

According to the simulation results presented in Fig-
ures 7, 8 and 9, the relative pressure at the spraying
equipment and the gas velocity at the 15 mm section
are respectively

p=103 Pa

v=200 m/s

The value of the top of the spraying equipment force
applied to the rice at the time of firing is calculated by
the following formula:

F=pA

Herein:

- The area of the rice like width and long of rice® is

SI76

affected by the force of the air stream according to the
formula:

_ T g2
A=7d
(with d =2.5 mm is the diameter of the injection hole).
- The pressure at the 15mm cross section is simulated

p=10° Pa
Result F=1.96 N
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Figure 9: Integrated graph of output velocity in three axes in space
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CONCLUSION - EVELOPMENT
DIRECTION

Conclusion

The following conclusions can be drawn from the re-
search and experimental operation of the device:

- ANSYS software results show that the design of the
spraying equipment is focused and that the pressure
parameters at any cross section determine the posi-
tion of the spraying equipment with the orbit of the
rice which is suitable for classification. The calcula-
tion of the above parameters will be very complicated
and sometimes not possible due to the large volume
of calculations.

- Accurate calculations of the relative position be-
tween leaning feeder, cameras and spraying equip-
ment are very important parameters, it determine the
classification performance of the machine when com-
bined with the image recognition system.

- Basing on this calculation, we can use to design the
operation mechanism of the rice color separator ma-
chine.

Development direction

- Rice color separator machine is a device in the mod-
ern rice processing line, which is integrating with the
whole rice processing chain is a matter of concern.

- In addition, the built-in modular design makes easy
maintenance and replacement.
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- The mechanical solution helps to improve the color
separation of the machine, reducing the proportion of
bad rice in the best product.
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Nghién ciu thiét ké co cau diéu chinh vi tri mang truot va dau
phun trong may tach mau gao

Nguyén Tan Y'-2, Lé Thanh Son3, Tran Quang Tuyén3, Nguyén Huy Bich*", Nguyén Truéng Thinh?

T
AN TOM TAT

Viét Nam la mot trong nhiing quéc gia san xudt [ta gao I6n trén thé gidi trong do6 viéc ché bién gao
dat tiéu chudn qudc té Ia mét trong nhimg van dé I6n can giai quyét. Mot trong nhing vén dé do
la lam sao tach cac hat gao khac mau trong qué trinh ché bién déng vai tro quan trong trong nang
cao chdt lugng gao xuat khiu. May tdch mau gao la mat thiét bi quan trong trong day chuyén ché
bién gao sau thu hoach. Trong qua trinh nghién ctu tai cong ty LAMICO cong ty chuyén vé may
ché bién lta ga50073 Viét Nam, ching toi da thiét ké, thuc nghiém va ché tao thanh cong may
phan loai mau gao dung camera.Thiét bj nay giip phan loai gao thanh phdm va theo do gié trj
xudt khdu clia hat gao Viét Nam cling tang 1én. Sau khi thyc nghiém, két qua chi ra rang mdy hoat
doéng tét va hiéu qua,da phan loai dugc gao khac mau trong day chuyén ché bién lta gao. Bai bao
trinh bay gidi phap thiét ké co khi cho co cau hiéu chinh vi tri mang trust va dau phun trong may
tach mau gao. Mang truot, dau phun va mang hing liéu la mot trong cac co cau co khi ch dao
trong cum phan loai ctia may tdch mau gao va vi tri tuong déi clia ching la mét thong sé quan
trong quyét dinh tinh chinh xac va kha ndng dap Ung clia dau phun cling nhu clia camera nhan
dang dong gao. Bai bdo dé xudt phuong an tinh toan thiét ké cac thdng sé quyét dinh khoadng
cach tuong déi nay cho mét ché dé lam viéc chudn va dua ra cac co cau hiéu chinh khodng cach
dé méy tach mau gao c6 thé dép Ung tét nhat cho phan diéu khién nhan dang anh ctia camera.
Tukhoa: May tach mau gao, Co cdu diéu chinh mang gao, ché bién Ita gao
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