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(54) AUTOMATIC DRYING METHOD AND AUTOMATIC DRYING DEVICE FOR A GRAIN DRYER

(57)  An automatic drying method for a grain dryer
has a preparing step, a parameter-setting step, and a
multi-stage drying step. The preparing step includes pre-
paring an automatic drying device (10). The automatic
drying device (10) has a body (20), at least two drying
sections (30), and a detecting module (40). The detecting
module (40) is connected to the body (20) and has at
least two moisture meters (41), at least two temperature
sensors (42), and a rotary unit (43). The parameter-set-
ting step comprises setting a temperature value and a
moisture content of each drying section (30). The mul-
ti-stage drying step comprises conveying pre-dried
grains (60) into each drying section (30) and drying the
pre-dried grains (60) by importing hot air, adjusting an
operating speed of the rotary unit (43) and the tempera-
ture of the hot air.
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Description
1. Field of the Invention

[0001] The present invention relates to an automatic
drying method and an automatic drying device, and more
particularly to an automatic drying method and an auto-
matic drying device for a grain dryer that may provide a
multi-detecting effect, may reduce the number of repeat-
eddrying, and may reduce the cost of using the automatic
drying method and the automatic drying device for the
grain dryer.

2. Description of Related Art

[0002] Grains such asrice, wheat or coffee beans need
to be processed by a shelling process, and the husks
that are shelled from the grains can be used as biomass
fuels for a conventional grain dryer. A heat source that
is generated by burning the biomass fuels in a conven-
tional grain dryer may be used to dry or adjust the mois-
ture content of the grains, and this may achieve an effect
of resource recovery and reuse. The conventional grain
dryer may be broadly divided into two categories such
as a continuous-type grain dryer and a circulating-type
grain dryer. The continuous-type grain dryer may deliver
grains continuously into the grain dryer to dry by a trans-
port mechanism. In addition, the circulating-type grain
dryer may dry grains by a circular transporting way when
grains have filled in the grain dryer.

[0003] Furthermore, the conventional grain dryer has
aburner, a smoke pipe, a heat exchange unit, an exhaust
pipe, a drying unit, and a chimney pipe group. The burner
has an internal combustion furnace to burn the biomass
fuels to generate thermal energy. The smoke pipe com-
municates with a top end of the internal combustion fur-
nace to guide and exhaust the fuel gas generated from
burning the biomass fuels. The heat exchange unit com-
municates with the smoke pipe and exchanges heat with
the outside cold air. The exhaust pipe communicates with
the heat exchange unit to guide the hot air after heat
exchanging. The dry unit communicates with the exhaust
pipe to enable the hot air in the exhaust pipe to flow into
the dry unit to dry the grains. The chimney pipe group
communicates with the heat exchange unit to guide and
exhaust the fuel gas to the outside after heat exchanging.
[0004] However, when the conventional continuous-
type grain dryer is in use, the moisture value of the grains
in the dry unit may be detected only after the entire drying
process. The grains must be dried again if the moisture
value of the grains is too high. Then, the repeated drying
process may increase the time of drying the grains and
may also increase the consumption of energy and the
cost of use. In addition, if the moisture value of the grains
thathave been processed by the conventional graindryer
is higher or lower than a set value, the grains after drying
may not meet the user’s needs.

[0005] To overcome the shortcomings, the present in-
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vention provides an automatic drying method and an au-
tomatic drying device for a grain dryer to mitigate or ob-
viate the aforementioned problems.

[0006] The main objective of the present invention is
to provide an automatic drying method and an automatic
drying device, and more particularly to an automatic dry-
ing method and an automatic drying device for a grain
dryer that may provide a multi-detecting effect, may re-
duce the number of repeated drying, and may reduce the
cost of using the automatic drying method and the auto-
matic drying device for the grain dryer.

[0007] The automatic drying method for a grain dryer
in accordance with the present invention has a preparing
step, a parameter-setting step, and a multi-stage drying
step. The preparing step includes preparing an automatic
drying device. The automatic drying device has a body,
at least two drying sections, and a detecting module.
Each drying section has a hot air inlet, a net-layer base,
and at least one exhaust pipe. The detecting module is
connected to the body and has at least two moisture me-
ters, at least two temperature sensors, a rotary unit, and
a processing unit. The parameter-setting step comprises
setting a temperature value and a moisture content of
each drying section. The multi-stage drying step com-
prises conveying pre-dried grains into each drying sec-
tion, importing hot air into each drying section to dry the
pre-dried grains, and adjusting an operating speed of the
rotary unit and the temperature of the hot air.

[0008] Other objectives, advantages and novel fea-
tures of the invention will become more apparent from
the following detailed description when taken in conjunc-
tion with the accompanying drawings.

IN THE DRAWINGS:

[0009]

Fig. 1is a block diagram of an automatic drying meth-
od for a grain dryer in accordance with the present
invention;

Fig. 2 is a perspective view of an automatic drying
device for a grain dryer in accordance with the
present invention;

Fig. 3 is a side view of the automatic drying device
for a grain dryer in Fig. 2;

Fig. 4 is another side view of the automatic drying
device for a grain dryer in Fig. 2;

Fig. 5is a side view in partial section of the automatic
drying device in Fig. 4;

Fig. 6 is an operational block diagram of the auto-
matic drying device in Fig. 2 under a drying process;
Fig. 7 is an operational side view in partial section
of the automatic drying device in Fig. 4; and

Fig. 8 is an operational block diagram of the auto-
matic drying device in accordance with the present
invention with multi-stage drying under a drying proc-
ess.
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[0010] With reference to Figs. 1 and 2, an automatic
drying method for a grain dryer in accordance with the
present invention has a preparing step, a parameter-set-
ting step, and a multi-stage drying step.

[0011] The preparing step comprises preparing an au-
tomatic drying device 10. Furthermore, the automatic dry-
ing device 10 may be a continuous-type grain dryer or a
circulating-type grain dryer. With reference to Figs. 3 to
5, the automatic drying device 10 has a body 20, at least
two drying sections 30, and a detecting module 40.
[0012] The body 20 has an interior, an exterior, a top
end, a bottom end, an input portion 21, an output portion
22, and a conduit pipe 23. The interior is formed in the
body 20 between the top end and the bottom end of the
body 20. The input portion 21 is deposited on the top end
ofthe body 20. Furthermore, the body 20 has a spreading
tray 24 deposited in the input portion 21 of the body 20.
The output portion 22 is deposited on the bottom end of
the body 20.

[0013] Additionally, the body 20 further has a receiving
box 25 and an output rod 26 deposited in the output por-
tion 22 of the body 20. The receiving box 25 is connected
to the bottom end of the body 20 below the spreading
tray 24, and communicates with the interior of the body
20. The output rod 26 is rotatably mounted in the receiv-
ing box 25. Furthermore, the output rod 26 is a screw rod
and is driven by a driving motor 27.

[0014] The conduit pipe 23 is mounted on the exterior
of the body 20, communicates with the input portion 21
and the output portion 22 to convey pre-dried grains into
the interior of the body 20 via the conduit pipe 23 and the
input portion 21, and convey pre-dried grains into the
conduit pipe 23 via the output portion 22.

[0015] The atleasttwo drying sections 30 are connect-
ed to the body 20 at a spaced interval between the input
portion 21 and the output portion 22, and each one of the
at least two drying sections 30 has a hot air inlet 31, a
net-layer base 32, and at least one exhaust pipe 33. The
hot air inlet 31 is deposited on the exterior of the body
20 and communicates with the interior of the body 20.
The net-layer base 32 is mounted in the interior of the
body 20 and communicates with the hot air inlet 31. The
at least one exhaust pipe 33 is deposited on the exterior
of the body 20 and communicates with the net-layer base
32.In addition, the body 20 has a buffer layer 28 mounted
between two adjacent drying sections 30 to change the
flow directions of the hot air in the two adjacent drying
sections 30. Furthermore, the automatic drying device
10 has multiple drying sections 30.

[0016] With reference to Figs. 5 and 6, the detecting
module 40 is connected to the body 20 and has at least
two moisture meters 41, atleast two temperature sensors
42, arotary unit43, and a processing unit44. The atleast
two moisture meters 41 are connected to the body 20 to
enable each one of the at least two moisture meters 41
to mount below one of the net-layer bases 32 of the at
least two drying sections 30, and each one of the at least
two moisture meters 41 is used to detect the moisture
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content at a corresponding net-layer base 32.

[0017] Each one of the at least two temperature sen-
sors 42 is mounted in one of the at least two drying sec-
tions 30 to detect the temperature of a corresponding
drying section 30. The rotary unit 43 is mounted in the
body 20 and has multiple rotating wheels 431 and a ro-
tating motor 432. The rotating wheels 431 are rotatably
mounted in the body 20 below a bottommost net-layer
base 32. The rotating motor 432 is mounted in the body
20, and is connected to the rotating wheels 431 by a belt
to enable the rotating wheels 431 to rotate relative to the
body 20. In addition, the rotating motor 432 is a frequency
control motor.

[0018] The processing unit44 is electrically connected
to each one of the at least two moisture meters 41, and
is electrically connected to each one of the at least two
temperature sensors 42 and the rotary unit 43. Then, the
processing unit 44 may calculate and process the detect-
ed signals provided by each one of the at least two mois-
ture meters 41 to compute a data, to increase or lower
the temperature of the hot air according to the data, and
increase or lower the operating speed of the rotating
wheels 431 by the rotating motor 432. In addition, the
processing unit 44 is a microcomputer.

[0019] The parameter-setting step comprises setting
a temperature value and a moisture content of each one
of the at least two drying sections 30 by the processing
unit 44 according to a user’s need.

[0020] With reference to Fig. 7, the multi-stage drying
step comprises conveying pre-dried grains 60 into the
input portion 22 of the body 20 via the conduit pipe 23,
guiding the pre-dried grains 60 into each one of the at
least two drying sections 30 via the spreading tray 24,
importing hot air into the net-layer base 32 of each one
of the at least two drying sections 30 via the hot air inlet
31 to enable the pre-dried grains 60 to absorb the thermal
energy from the hot air to discharge water when the pre-
dried grains 60 passed through the net-layer base 32 of
each one of the at least two drying sections 30, exhaust-
ing the hot air out of the body 20 via the at least one
exhaust pipe 33 of each one of the at least two drying
sections 30 after passing through the pre-dried grains
60, detecting the temperature value and the moisture
content of each one of the at least two drying sections
30 respectively by the corresponding temperature sensor
42 and moisture meter 41, transferring signals corre-
sponding to the temperature value and the moisture con-
tent of each one of the at least two drying sections 30 to
the processing unit 44, increasing the temperature of
each one of the at least two drying sections 30 when the
moisture content of each one of the at least two drying
sections 30 is higher than the set moisture content of
each one of the at least two drying sections 30, decreas-
ing the temperature of each one of the at least two drying
sections 30 when the moisture content of each one of
the at least two drying sections 30 is lower than the set
moisture content of each one of the at least two drying
sections 30, calculating an overall precipitation rate of
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the pre-dried grains 60, adjusting (increasing or decreas-
ing) the operating speed of each one of the rotating
wheels 431 by the processing unit 44, sending a signal
to the rotating motor 432 and adjusting the temperature
of the hot air.

[0021] The overall precipitation rate of the pre-dried
grains 60 is defined by the moisture content before dried,
the moisture content after dried, and the characteristics
of the pre-dried grains 60. Furthermore, when the auto-
matic drying device 10 has four drying sections 30, the
operation process of the automatic drying device 10 is
shown in Fig. 8.

[0022] According to the above-mentioned statements,
when the automatic drying method and the automatic
drying device for a grain dryer of the present invention is
in use, multiple drying sections 30 may be connected to
the body 20 to enable the pre-dried grains 60 to be dried
by sequentially passing through the drying sections 30.
In addition, the temperature value and the moisture con-
tent of each one of the drying sections 30 can be set
independently. Furthermore, the temperature sensors 42
and the moisture meters 41 of the detecting module 40
are respectively deposited in each one of the drying sec-
tions 30 to detect the moisture content of the pre-dried
grains 60 in each one of the drying sections 30, and this
may provide a multi-stage detecting effect to the pre-
dried grains 60. When the moisture content of the pre-
dried grains 60 does not meet the set moisture content
of each one of the drying sections 30, the temperature
and conveying speed of each one of the drying sections
30 can be adjusted to enable the moisture content of the
pre-dried grains 60 to meet the set moisture content of
each one of the drying sections 30.

[0023] Then, the user may predetermine the moisture
content of the pre-dried grains 60 in each one of the drying
sections 30, and this may reduce the time to repeatedly
drying the pre-dried grains 60, the consumption of ener-
gy, and the cost of use. Furthermore, the numbers of the
drying sections 30 to enable the pre-dried grains 60 to
pass through can be adjusted according to the user’s
need. That is, all of the drying sections 30 may not start
at the same time, and this may further meet the require-
ments of energy-saving and low cost.

Claims

1. An automatic drying method for a grain dryer, char-
acterized in that the automatic drying method has:

a preparing step comprising:

preparing an automatic drying device (10)
having a body (20), at least two drying sec-
tions (30), and a detecting module (40);
forming an interior in the body (20);
depositing an input portion (21) on a top end
of the body (20);
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depositing an output portion (22) on a bot-
tom end of the body (20);

mounting a conduit pipe (23) on an exterior
of the body (20) to communicate with the
input portion (21) and the output portion
(22);

connecting the at least two drying sections
(30) to the body (20) at a spaced interval
between the input portion (21) and the out-
put portion (22) of the body (20), and each
one of the at least two drying sections (30)
having a hot air inlet (31), a net-layer base
(32), and at least one exhaust pipe (33);
depositing the hot air inlet (31) of each one
of the at least two drying sections (30) on
the exterior of the body (20) to communicate
with the interior of the body (20);

mounting the net-layer base (32) of each
one of the at least two drying sections (30)
in the interior of the body (20) to communi-
cate with the hot air inlet (31);
depositing the atleast one exhaust pipe (33)
of each one of the at least two drying sec-
tions (30) on the exterior of the body (20) to
communicate with the net-layer base (32)
of the drying section (30);

connecting the detecting module (40) to the
body (20) with at least two moisture meters
(41), at least two temperature sensors (42),
arotary unit (43), and a processing unit (44);
connecting the at least two moisture meters
(41) to the body (20) to enable each one of
the at least two moisture meters (41) to
mountbelow one ofthe net-layer bases (32)
of the at least two drying sections (30) to
detect the moisture content of a corre-
sponding net-layer base (32);

mounting each one of the at least two tem-
perature sensors (42) in one of the at least
two drying sections (30) to detect the tem-
perature of said corresponding drying sec-
tion (30);

mounting the rotary unit (43) in the body
(20); and

connecting the pressing unit (44) electrically
to each one of the at least two moisture me-
ters (41), each one of the at least two tem-
perature sensors (42), and the rotary unit
(43);

a parameter-setting step comprising setting a
temperature value and a moisture content of
each one of the at least two drying sections (30)
by the processing unit (44); and

a multi-stage drying step comprising:

conveying pre-dried grains (60) into each
one of the at least two drying sections (30)
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via the input portion (22) and the conduit
pipe (23) of the body (20);

importing hot air into the net-layer base (32)
of each one of the at least two drying sec-
tions (30) via the hot air inlet (31) to enable
the pre-dried grains (60) to absorb the ther-
mal energy from the hot air to discharge wa-
ter when the pre-dried grains (60) pass
through the net-layer base (32) of each one
of the at least two drying sections (30);
exhausting the hot air out of the body (20)
viathe atleast one exhaust pipe (33) of each
one of the at least two drying sections (30)
after the hot air passes through the pre-
dried grains (60);

detecting the temperature value and the
moisture content of each one of the at least
two drying sections (30) respectively by the
corresponding temperature sensor (42) and
moisture meter (41);

transferring signals corresponding to the
temperature value and the moisture content
of each one of the at least two sections (30)
to the processing unit (44);

adjusting the temperature of each one of
the at least two drying sections (30) when
the moisture content of each one of the at
least two drying sections (30) is different
from the preset moisture content of each
one of the at least two drying sections (30);
calculating an overall precipitation rate of
the pre-dried grains (60); and

adjusting an operating speed of the rotary
unit (43) by the processing unit (44), send-
ing a signal to the rotary unit (43) and ad-
justing the temperature of the hot air.

The automatic drying method claimed in claim 1,
wherein the preparing step comprises connecting
multiple drying sections (30) to the body (20) of the
automatic drying device (10).

The automatic drying method claimed in claim 1 or
2, wherein the preparing step comprises

mounting multiple rotating wheels (431) rotatably in
the body (20) below a bottommost net-layer base
(32); and

mounting a rotating motor (432) in the body (20) to
connect with the rotating wheels (431) to enable the
rotating wheels (431) to rotate relative to the body
(20).

The automatic drying method as claimed in claim 3,
wherein the parameter-setting step comprises set-
ting the temperature value and the moisture content
of each one of the at least two drying sections (30)
by the processing unit (44) according to a user’'s
need.
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5. An automatic drying device (10) for a grain dryer,

characterized in that the automatic drying device
(10) has:

a body (20) having

a top end;

a bottom end;

an interior formed in the body (20) between
the top end and the bottom end of the body
(20);

an exterior;

an input portion (21) deposited on the top
end of the body (20);

an output portion (22) deposited on the bot-
tom end of the body (20); and

a conduit pipe (23) mounted on the exterior
of the body (20) and communicating with
the input portion (21) and the output portion
(22);

at least two drying sections (30) connected to
the body (20) at a spaced interval between the
input portion (21) and the output portion (22),
and each one of the at least two drying sections
(30) having

a hot air inlet (31) deposited on the exterior
of the body (20) and communicating with
the interior of the body (20);

anet-layer base (32) mounted in the interior
of the body (20) and communicating with
the hot air inlet (31); and

at least one exhaust pipe (33) deposited on
the exterior of the body (20) and communi-
cating with the net-layer base (32); and

a detecting module (40) connected to the body
(20) and having

atleast two moisture meters (41) connected
to the body (20) to enable each one of the
at least two moisture meters (41) to mount
below one of the net-layer bases (32) of the
at least two drying sections (30);

at least two temperature sensors (42), and
each one of the at least two temperature
sensors (42) mounted in one of the at least
two drying sections (30);

a rotary unit (43) mounted in the body (20);
and

aprocessing unit (44) electrically connected
to each one of the at least two moisture me-
ters (41), each one of the at least two tem-
perature sensors (42), and the rotary unit
(43) to calculate and process detected sig-
nals provided by each one of the at least
two moisture meters (41) to compute data
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and to adjust an operating speed of the ro-
tary unit (43).

The automatic drying device as claimed in claim 5,
wherein the automatic drying device (10) has multi-
ple drying sections (30) connected to the body (20)
at spaced intervals between the input portion (21)
and the output portion (22) of the body (20).

The automatic drying device as claimed in claim 5
or 6, wherein the rotary unit (43) has

multiple rotating wheels (431) rotatably mounted in
the body (20) below a bottommost net-layer base
(32); and

a rotating motor (432) mounted in the body (20) and
connected to the rotating wheels (431) to enable the
rotating wheels (431) to rotate relative to the body
(20).

The automatic drying device as claimed in claim 7,
wherein the body (20) has

a spreading tray (24) deposited in the input portion
(21) of the body (20);

a receiving box (25) deposited in the output portion
(22) of the body (20), connected to the bottom end
of the body (20) below the spreading tray (24), and
communicating with the interior of the body (20); and
an output rod (26) deposited in the output portion
(22) of the body (20) and rotatably mounted in the
receiving box (25).

The automatic drying device as claimed in claim 8,
wherein the body (20) has a buffer layer (28) mount-
ed between two adjacent drying sections (30) to
change the flow directions of hot air in the two adja-
cent drying sections (30).

The automatic drying device as claimed in claim 9,
wherein

the output rod (26) is a screw rod and is driven by a
driving motor (27);

the rotating motor (432) is a frequency control motor;
and

the processing unit (44) is a microcomputer.

Amended claims in accordance with Rule 137(2)
EPC.

1.

An automatic drying method for a grain dryer com-
prising:

a preparing step comprising:

preparing an automatic drying device (10)
having a body (20), at least two drying sec-
tions (30), and a detecting module (40);
forming an interior in the body (20);
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10

depositing an input portion (21) on a top end
of the body (20);

depositing an output portion (22) on a bot-
tom end of the body (20);

mounting a conduit pipe (23) on an exterior
of the body (20) to communicate with the
input portion (21) and the output portion
(22);

connecting the at least two drying sections
(30) to the body (20) at a spaced interval
between the input portion (21) and the out-
put portion (22) of the body (20), and each
one of the at least two drying sections (30)
having a hot air inlet (31), a net-layer base
(32), and at least one exhaust pipe (33);
depositing the hot air inlet (31) of each one
of the at least two drying sections (30) on
the exterior of the body (20) to communicate
with the interior of the body (20);

mounting the net-layer base (32) of each
one of the at least two drying sections (30)
in the interior of the body (20) to communi-
cate with the hot air inlet (31);
depositing the atleast one exhaust pipe (33)
of each one of the at least two drying sec-
tions (30) on the exterior of the body (20) to
communicate with the net-layer base (32)
of the drying section (30);

connecting the detecting module (40) to the
body (20) with at least two moisture meters
(41), at least two temperature sensors (42),
arotary unit (43), and a processing unit (44);
connecting the at least two moisture meters
(41) to the body (20) to enable each one of
the at least two moisture meters (41) to
mountbelow one of the net-layer bases (32)
of the at least two drying sections (30) to
detect the moisture content of a corre-
sponding net-layer base (32);

mounting each one of the at least two tem-
perature sensors (42) in one of the at least
two drying sections (30) to detect the tem-
perature of said corresponding drying sec-
tion (30);

mounting the rotary unit (43) in the body
(20); and

connecting the pressing unit (44) electrically
to each one of the at least two moisture me-
ters (41), each one of the at least two tem-
perature sensors (42), and the rotary unit
(43), and characterized in that the auto-
matic drying method has:

a parameter-setting step comprising
setting atemperature value and amois-
ture content of each one of the at least
two drying sections (30) by the process-
ing unit (44); and
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a multi-stage drying step comprising:

conveying pre-dried grains (60) in-
to each one of the at least two dry-
ing sections (30) via the input por-
tion (22) and the conduit pipe (23)
of the body (20);

importing hot air into the net-layer
base (32) of each one of the atleast
two drying sections (30) via the hot
airinlet (31) to enable the pre-dried
grains (60) to absorb the thermal
energy from the hotairtodischarge
water when the pre-dried grains
(60) pass through the net-layer
base (32) of each one of the atleast
two drying sections (30);
exhausting the hot air out of the
body (20) via the at least one ex-
haust pipe (33) of each one of the
at least two drying sections (30) af-
ter the hot air passes through the
pre-dried grains (60);

detecting the temperature value
and the moisture content of each
one of the at least two drying sec-
tions (30) respectively by the cor-
responding temperature sensor
(42) and moisture meter (41);
transferring signals corresponding
to the temperature value and the
moisture content of each one of the
at least two drying sections (30) to
the processing unit (44);

adjusting the temperature of each
one of the at least two drying sec-
tions (30) when the moisture con-
tent of each one of the at least two
drying sections (30) is different
from the preset moisture content of
each one of the at least two drying
sections (30);

calculating an overall precipitation
rate of the pre-dried grains (60);
and

adjusting an operating speed of the
rotary unit (43) by the processing
unit (44), sending a signal to the
rotary unit (43) and adjusting the
temperature of the hot air.

The automatic drying method claimed in claim 1,
wherein the preparing step comprises connecting
multiple drying sections (30) to the body (20) of the
automatic drying device (10).

The automatic drying method claimed in claim 1 or
2, wherein the preparing step comprises
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mounting multiple rotating wheels (431) rotatably in
the body (20) below a bottommost net-layer base
(32); and

mounting a rotating motor (432) in the body (20) to
connect with the rotating wheels (431) to enable the
rotating wheels (431) to rotate relative to the body
(20).

The automatic drying method as claimed in claim 3,
wherein the parameter-setting step comprises set-
ting the temperature value and the moisture content
of each one of the at least two drying sections (30)
by the processing unit (44) according to a user’s
need.
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