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1. An apparatus for humidifying· polished rice, comprising:

screw conveyor means comprising a conveyor shaft and a

screw fixedly mounted on said conveyor shaft and extending 

about the same, said conveyor shaft being hollow and having an 

open end, said conveyor shaft having in a peripheral wall 

thereof a plurality of ventilation openings through which 

insides and outsides of said conveyor shaft communicate with 

each other, said screw conveyor means having around said screw 

a tubular housing defining a predetermined transport path for 

the polished rice, for conveying the polished rice, while 

steering the. same, along said transport path;

humidifying means arranged in association with said trans­

port path for adding moisture to the polished rice conveyed
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along said transport path, by such an amount of moisture as not 

to form cracks in the polished rice, thereby humidifying the 

same·, and

air-flow means arranged in association with said transport 

path for causing air to flow along said transport path, to 

remove excess moisture from the polished rice humidified by 
sajd humidifying means, said air-flow means including a blower 

means having a suction port and a discharge port, either one of 

said ports being connected to said open end of said conveyor 

shaf t.

15. A rice milling system comprising:

a rice polishing machine for polishing brown rice to form

polished rice, wherein polishing of the brown rice to the pol­

ished rice raises temperature of the polished rice; and

an apparatus for humidifying the polished rice from said 

rice milling machine, said apparatus comprising screw conveyor 

means including a conveyor shaft and a screw fixedly mounted on 

said conveyor shaft and extending about the same, said conveyor 

shaft being hollow and having an open end, said conveyor shaft 

having in a peripheral wall thereof a plurality of ventilation 

openings through which insides and outsides of said conveyor 

shaft communicate with each other, said screw conveyor means 

having around said screw a tubular housing defining a predeter­

mined transport path for the polished rice, for conveying the 

polished rice, wb e steering the same, along said transport 

path; supply means connected to said rice milling machine and 

to said tubular housing at a location adjacent one end of said 

transport path, the polished rice from said rice polishing ma­

chines being supplied onto said transport path through said
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supply means: humidifying means arranged in association with 

said transport path for adding mositure to the polished rice 

conveyed along said transport path, by such an amount of mois­

ture as not to form cracks in the polished rice, thereby humid­

ifying the same; air-flow means arranged in association with 

said transport path for causing air to flow along said trans­

port path, to remove excess moisture from the polished rice 

humidified by said humidifying means, said air-flow means 

Including a blower means having a suction port and a discharge 

port, either one of said ports being connected to said open end 

of said conveyor shaft; and discharge means connected to said 

ti’bular housing at a location adjacent the other end of said 

transport path, the humidified polished rice being discharged 

out of said tubular housing through said discharge means.
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TITLE OF THE INVENTION

POLISHED-RICE HUMIDIFYING APPARATUS 
AND

RICE MILLING SYSTEM

ι

5 BACKGROUND OF THE INVENTION

The present invention relates to an apparatus
j

for humidifying· polished rice and to a rice milling 

system comprising the apparatus and a rice polishing

machine .
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During polishing of brown rice by a rice 

polishing machine to form polished rice, heat is 

generated to take moisture away from the rice, resulting

in deterioration of the taste of cooked rice.

Generally, therefore, the polished rice is humidified 

after having been polished by the rice polishing 

machine. Specifically, the rice after having been 

polished is charged into a tank of a humidifying

apparatus. Moisture is added to the polished rice by 

the humidifying apparatus slowly at a rate of the order 

of 0.2% to 0.3% per hour for a period of time of five 

(5) to ten (10) hours, in order to prevent abrupt 

absorption of moisture from causing cracks to be formed 

in the polished rice. In this manner, the polished rice 

is finished to one having a moisture content of about 

14% to 15% which is adequate for rice to be cooked by 

boiling. That is to say, it is now essential to ' 

humidify the rice after having been polished, because of 

a recent tendency that a producer delivers brown rice

j

j
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which is dried slightly excessively, and because of a

demand for tasty rice from consumers.

The above-described humidifying apparatus is 

known from Japanese Patent Application Laid-Open No. Sho

60-25548 filed by the same applicant as this

application. The humidifying apparatus is arranged 

between a plurality of rice polishing machines, to form 

a rice processing line or a rice milling system. The 

humidifying apparatus comprises an air supply chamber

and an air discharge chamber which are arranged

respectively on one and other sides of the tank. A 

plurality of air supply passages communicating with the 

air supply chamber and a plurality of air discharge 

passages communicating with the air discharge chamber

are arranged within the tank one over another

alternately and in a zigzag fashion The tank is formed

at its bottom with a discharge port to which a discharge

pipe is connected. A recirculation passage has one end

thereof connected to the discharge pipe and the other

end connected to the tank. A selector valve is arranged

at the connection between the discharge pipe and the one 

end of the recirculation passage. Polished rice is 

recirculated through the tank by the recirculation 

passage while being humidified, so that the polished 

rice is humidified and is brought to a predetermined

moisture content. In this case, a moisture absorption

rate does not exceed 0.2¾ to 0.3¾ per hour.

Accordingly, about five (5) hours are required to raise

s
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the moisture content of the polished rice by 1% . This 

results in lowering· of a serviceability ratio of the

rice milling system.

In the recent rice milling system, various 

5 instruments or equipments having their respective large

processing capacities are arranged in series, and 

efficient operation is carried out by these equipments.

Since, however, the step of humidifying the polished

rice takes five to ten hours as described above, the 

10 humidification step interrupts continuous flow of the

entire steps of the system. In addition, the 

humidification requires the tank of large capacity.

Further, the rate of absorption of moisture of 

x*. the polished rice differs from part to part of theI

15 polished rice grain. Specifically, the back side of the 

polished rice grain is difficult to absorb moisture,

‘'«‘ί while the front side is easy to absorb moisture.

Accordingly, if moisture adheres to the polished rice

<i«<! grain in a one-sided fashion when the polished rice is
I 1

20 tempered, cracks are formed in the rice grain because of 

a difference in rate of moisture absorption.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to 

25 provide a polished-rice humidifying apparatus capable of

humidifying rice after having been polished, for a

period of time as short as possible, to bring a moisture

content of the rice to a value of, for example, about

3
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14% to 15%.
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For the above purpose, according to the

invention, there is provided an apparatus for

humr dfying polished rice, comprising:

conveyor means having a tubular housing

defining a predetermined transport path for the polished 

rice, for conveying the polished rice, while steering

the same, along the transport path;

humidifying means arranged in association with

the transport path for adding moisture to the polished 

rice conveyed along the transport path, by such an

amount of moisture as not to form cracks in the polished

rice, thereby humidifying the same; and

air-flow means arranged in association with

the transport path for causing air to flow along the

transport path, to remove excess moisture from the

polished rice humidified by the humidifying means.

The arrangement of the polished-rice

humidifying apparatus according to the invention is such 

that the humidifying means adds moisture to the polished 

rice conveyed along the transport path, by such an 

amount of moisture as not to form cracks In the polished 

rice, and the flow of air caused by the air-flow means 

removes excess moisture from the polished rice

humidified by the humidifying means. With the

arrangement, the moisture can be added to thu polished 

rice for a short period of time without formation of 

cracks in the polished rice.

I

I
l·
ί : 

J'ίϊ
: ί

ι

ϊ

Ί

if . 25

4



V*

ft »·*?^···

» t ί 
ί t Ϊ

» « » s

» 4 
« «
t ί t 4

ί « «
β J I 
U 1 »

J S 1 ί s ( 
fl fl

« 0 0 5

: ’ / is

1 »» <( < X
it ι
I t t 

t I "
I < t

fl fl fl I0 9 Jfl I

20

I It 'I t fI I »

5

10

25

It is another object of the invention to 

provide a rice milling system comprising a rice milling 

machine and the above-described polished-rice

humidifying apparatus, which is capable of humidifying 

polished rice for a short period of time, whereby the 

humidification can be prevented from interfering with a 

continuous processing line.

For the purpose, according to the invention, 

there is provided a rice milling system comprising:

a rice polishing machine for polishing brown

rice to form polished rice, wherein polishing of the

brown rice to the polished rice raises temperature of

the polished rice; and

an apparatus for humidifying the polished rice

from the rice milling machine, the apparatus including

conveyor means having a tubular housing defining a 

predetermined transport path for the polished rice, for

conveying the polished rice, while steering the same, 

along the transport path, supply means connected to the 

rice milling machine and to the tubular housing at a 

location adjacent one end of the transport path, the 

polished rice from the rice polishing machine being 

supplied onto the transport path through the supply 

means, humidifying means arranged in association with 

the transport path for adding moisture to the polished 

rice conveyed along the transport path, by such an 

amount of moisture as not to form cracks in the polished 

rice, thereby humidifying the same, air-flow means

a

■I

V,

5



arranged in association with the transport path for 

causing air to flow along the transport path, to remove 

excess moisture from the polished rice humidified by the 

humidifying means, and discharge means connected to the 

tubular housing at a location adjacent the other end of 

the transport path, the humidified polished rice being 

discharged out of the tubular housing through the 

discharge means.

The arrangement of the rice milling system

according to the invention is such that the polished

rice fed to the humidifying apparatus is elevated in 

temperature under the polishing action due to the rice

polishing machine. For the polished rice elevated in 

temperature, moisture tends to move or diverge from an

inner layer of each rice grain toward an outer layer

thereof. Under such condition, even if moisture is

added to rice grains hy, for example, 1% by weight at a 

humidifying rate of the order of five times a safe 

humidifying rate with respect to polished rice lowered 

in temperature substantially to the surrounding air

temperature, almost no cracks occur in the rice grains, 

if the entire polished rice is humidified uniformly.

This is because the rate of moisture absorption into the 

interior of each rice grain is not one-sided partially. 

In view of this fact, in the rice milling system 

according to the invention, the moisture is immediately 

added to the polished rice elevated in temperature under 

the polishing action due to the rice polishing machine,
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during- a period within which the polished rice is 

conveyed through the tubular housing while being 

steered. Moreover, the excess moisture is removed from 

the polished rice by the air caused to flow by the air-

5 flow means while maintaining the temperature of the 

polished rice. Thus, it is possible for the vice 

milling system according to the invention to humidify 

the polished rice for a short period of time without 

formation of cracks in the polished rice grains.
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Fig. 1 is a partially broken-away, front 

elevational view of a rice milling system comprising a

rice polishing machine and a polished-rice humidifying 

apparatus, according to an embodiment of the invention;

Fig. 2 is a partially broken-away, front 

elevational view of a polished-rice humidifying 

apparatus according to another embodiment of the 

invention in which a tubular housing is arranged

horizontally;

Fig. 3 is a a partially broken-away, front 

elevational view of a rice milling system comprising a 

plurality of rice polishing machines and a polished-rice 

humidifying apparatus, according to still another 

embodiment of the invention;

Fig. 4 is a front elevational view of a rice 

humidifying apparatus illustrated in Fig. 3;

Fig. 5 is a right-hand side elevational view
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of the rice humidifying apparatus illustrated in Fig. 3;

Fig. 6 is a left-hand side elevational view of

the rice humidifying apparatus illustrated in Fig. 3;

Fig. 7 is a rear elevational view of the rice

5 humidifying apparatus illustrated in Fig. 3;

Fig. 8 is a cross-sectional view taken along

the line VIII - VIII In Fig. 4; and

Fig. 9 is a fragmentary enlarged cross­

sectional view of a modified form of the rice

10 humidifying apparatus illustrated in Figs. 3 through 8.

DETAILED DESCRIPTION

Referring first to Fig. 1, there is shown a

rice milling system which comprises a rice milling

15 machine 1 and a polished-rice humidifying apparatus 22.

The rice polishing machine 1 includes a bran-removing

tubular member 2 having a perforated peripheral wall and 

having an axis extending horizontally. A polishing roll 

3 is arranged rotatably within the tubular member 2 in

20 concentric relation thereto. The tubular member 2 and

the polishing roll 3 cooperate with each other to define

a polishing chamber 39 therebetween. A supply hopper 4

is arranged in communication with one end of the

polishing chamber 39, while a discharge port 5 is 

25 provided in communication with the other end of the

polishing chamber 39. Brown rice is supplied into the

polishing chamber 39 through the supply hopper 4. The

rotating polishing roll 3 removes bran from the surface

- 8 -8
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of the brown rice to form polished rice. A hopper 6 is 

arranged within a frame of the rice polishing machine 1 

for collecting the bran removed from the brown rice.

The above-described polished-rice humidifying 

5 apparatus 22 is arranged downstream of the rice

polishing machine 1 with reference to flow of the rice. 

The humidifying apparatus 22 comprises a screw conv._>r 

8 having a tubular or cylindrical housing 7 whose axis

extends vertically. The housing 7 defines a

10 predetermined transport path for polished rice to be 

humidified. The screw conveyor 8 has a conveyor shaft

9a and a screw 3b fixedly mounted on the conveyor shaft

9a and extending about the same. An assembly of the 

screw shaft 9a and the screw 9b is arranged rotatably

15 within the housing 7 in concentric relation thereto.

The conveyor shaft 9a has an upper end which projects 

from the top wall of the housing 7. A pulley 10 is 

mounted on the projecting end of the conveyor shaft 9a

for rotation therewith. An electric motor 11 is mounted

20 on the top wall of the housing 7 and has an output

shaft. A pulley 12 is mounted on the output shaft of

the motor 11 for rotation therewith. A V-belt or the

like passes between and around the pulleys 10 and 12. A 

discharge port 13 is provided in the peripheral wall of

25 the housing 7 at a location adjacent the top wall

thereof. On the other hand, a supply port 14 is formed

in the peripheral wall of the housing 7 at a location

adjacent a lower end thereof. A supply hopper 15 is
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arranged at the supply port 14 of the housing 7. A 

temperature sensor 16 is provided on a wall of the 

supply hopper 15 for detecting temperature of the 

polished rice fed to the supply hopper 15 from the rice 

polishing machine 1.

A moisture-adding device is arranged at the

transport path defined by the housing 7, for adding

moisture to the polished rice delivered along the 

transport path. Specifically, the moisture-adding 

device comprises a plurality of moisture supply nozzles

17 arranged in spaced relation to each other along the 

transport path. A water line 18 has one end thereof

connected to a suitable water source such as, for

example, a water tank. The other end of the water line

18 is connected to the moisture supply nozzles 17

through respective flow-rate regulator valves 38. The 

moisture supply nozzles 17 have their respective forward

ends which are arranged within the housing 7, to add the

moisture directly to the polished rice conveyed

vertically by the screw conveyor 8. Water tap faucets 

may be provided respectively at the forward ends of the 

supply nozzles 17 to supply water like shower to the 

polished rice. Alternatively, water in the form of 

extremely fine droplets may be supplied to the polished 

rice. An amount of moisture added is adjusted by the 

flow-rate regulator valves 38, depending upon flow rate 

of the polished rice fed to the humidifying apparatus 22 

from the rice polishing machine 1 and the moisture

B
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content of the polished rice. Further, if the flow rate

and the moisture content of the polished rice are

determined, the amount of moisture to be added varies

depending upon the temperature of the polished rice.

That is, if rise in temperature of the polished rice 

under the polishing action due to the rice polishing

machine 1 is small, the amount of moisture added must

decrease in order to prevent formation of cracks xn’the

rice grains. Control of the entire amount of water 

added to the polished rice is effected automatically by 

a controller incorporated in an operating panel 19. The 

controller comprises a central processing unit (CPU) and

the like. Connected to the controller are a flow-rate

control valve 20 provided in the water line 18 and the

temperature sensor 16 provided at the supply hopper 15.

On the basis of signals from the flow-rate control valve

20 and the temperature sensor 16, the controller

executes control of the entire amount of water supplied 

to the polished rice through the water supply nozzles

17.
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A chute pipe 21 is connected to the dischargeΦ O ©
Q Ο O
\ ’ζ port 13 of the housing 7. The polished rice after

& • ff
flI

having been humidified is delivered, through the chute

pipe 21, directly to an any suitable subsequent

25 processing step. Alternatively, the polished rice after

having been humidified by the humidifying apparatus 22

may be delivered again to an apparatus similar to the
1

t

humidifying apparatus 22. That is, the polished rice

11
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may be treated in such a manner that the polished rice 

passes successively through a plurality of humidifying

apparatuses .

An air-flow arrangement for causing air to 

5 flow along a part of the transport path and a damper 

arrangement associated with the air-flow arrangement

will be described. The conveyor shaft 9a. of the screw

conveyor 8 is hollow and has a plurality of ventilation 

openings 24 formed in the peripheral wall of the

10 conveyor shaft 9a. The hollow portion of the conveyor 

shaft 9a communicates with the interior of the housing 7 

through the ventilation openings 24. The conveyor shaft

9a has open one end to which one end of a discharge pipe 

25 is connected. The other end of the discharge pipe 25

15 is connected to a suction port of a blower 26. Thus,

the open one end of the conveyor shaft 9a communicates

with the suction port of the blower 26 through the

discharge pipe 25. A pair of branch pipes 28 and 29 

branch from the discharge pipe 25. A damper 30 is

20 provided in a portion of the discharge pipe 25 extending 

between the pair of branch pipes 28 and 29. Dampers 31 

and 32 are also provided respectively in the pair of 

branch pipes 28 and 29. The blower 26 has a discharge 

port which is connected to a pair of air-supply pipes 27

χέ
*

7. The , i
; .j

from each i

and are ' *1

connected, to an intermediate section of the tubular
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housing 7. Thus, a recirculation path for the air is 

defined which extends from and to the blower 26 through 

the air-supply pipes 27 and 27, the interior of the 

tubular housing 7, the ventilation openings 24 in the 

peripheral wall of the conveyor shaft 9a, the hollow 

portion of the conveyor shaft 9a, the open end of the 

conveyor shaft 9a and the discharge pipe 25. Since the 

air-supply pipes 27 and 27 are connected to the

intermediate section of the tubular housing 7 as

described above, the air is caused to flow by the blower

26 along a part of the transport path for the polished

rice defined by the tubular housing 7. It is to be

understood that the arrangement comprising the branch 

pipes 28 and 29 and the dampers 30, 31 and 32 may be 

provided on the discharge side of the blower 26. A pair

of rotary valves 33 and 34 each serving as an air shut­

off valve are provided which are associated respectively

with the supply port 14 and the discharge port 13 of the 

housing 7, for permitting the polished rice to flow

through the supply port 14 and the discharge port 13,

but preventing air from flowing therethrough. A

pressure gage 35 is connected to the housing 7 for

measuring pressure within the same.

The operation of the rice milling system

illustrated in Fig. 1 will be described.

Brown rice grains are charged into the supply

hopper 4 of the rice polishing machine 1. The brown 

rice grains are caused to pass through the polishing

25

13
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chamber 39 defined between the bran-removing perforated 

tubular member 2 and the polishing roll 3. During 

passage through the polishing chamber 39, bran layers 

are removed from the surfaces of the brown rice grains.

Thus, the brown rice is polished to form polished rice. 

The polished rice is discharged through the discharge 

port 5 and is fed into the supply hopper 15 at the lower 

section of the housing 7 of the humidifying apparatus

22. The temperature sensor 16 detects temperature of 

the polished rice within the supply hopper 15 to 

generate a measurement signal. Normally, the polished 

rice is elevated in temperature by 15° to 20° C under 

the polishing action due to the rice polishing machine

1. The measurement signal from the temperature sensor

16 Is converted into a digital signal by an A/D

(analog/digital) converter and is inputted to the 

controller incorporated in the operating panel 19. The 

polished rice flowing into the tubular housing 7 through 

the supply port 14 is conveyed vertically upwardly by 

the screw conveyor 8 along the predetermined transport 

path. During upward movement of the polished rice, 

water is supplied to the polished rice through the 

moisture supply nozzles 17 arranged substantially at the 

lower half section of the housing 7 in spaced relation 

to each other, to thereby add moisture to the polished

rice .

Specifically 

added directly

water

to the

from the water tank or the

polished rice grains

14
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through the water line 18, the flow-rate regulator 

valves 38 and the moisture supply nozzles 17. An amount 

of moisture added Is set to a predetermined value which 

increases the moisture content of the polished rice by, 

for example, 0.5%, under the control of the flow-rate 

control valve 20 connected to the controller

Incorporated in the operating panel 19. The amount of 

moisture added is corrected on the basis of the

measurement value from the temperature sensor 16. When 

the temperature of the polished rice is lower than a 

predetermined range, an amount of water absorbed by the 

polished rice decreases in order to prevent cracks from 

being formed in the polished rice grains. Thus, the 

polished rice grains having added thereto the moisture 

are immediately conveyed vertically upwardly by the 

screw conveyor 8 while being steered during flow of the 

polished rice. During the upward movement of the 

polished rice, moisture adheres uniformly to the 

polished rice grains so that the moisture is absorbed 

safely by the polished rice grains. Further, the rice 

grains are brought into pressure contact with each 

other, so that a so-called humidifying and polishing 

action takes place. This humidification and polishing 

action is repeated several times during flowing and 

steering of the polished rice so that adjustment in 

moisture or tempering proceeds to a desirable moisture 

content. Further, since the flowing and steering 

continue, the temperature of the polished rice is

-yr" 25
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prevented from being lowered abruptly. Thus, since the 

rice polishing machine 1 is connected to the humidifying 

apparatus 22, the temperature of the polished rice is 

maintained substantially unchanged at a value at which 

the polished rice is discharged out of the rice

polishing machine 1. By this reason, the moisture 

■Ή- -•nr- to the surface of each polished rice grain

1 i.xctrates into the interior of the rice grain through 

the entire surface thereof at a high humidification 

rate, so that no cracks are formed in the rice grain.

On the other hand, by the operation of the

blower 26, air is drawn into the suction port of the

blower 26 through the branch pipe 29 and a part of the 

exhaust pipe 25. The drawn air is delivered through the

pair of air-supply pipes 27 and 27, and is supplied into 

the housing 7. The air supplied into th» housing 7 is 

caused to pass through the ventilation openings 24 in

the peripheral wall of the conveyor shaft 9a, and flows 

into the hollow portion of the same. At this time, the 

damper 30 is in a closed position, while the dampers 31 

and 32 are in their respective open positions. When it 

is desired to pressurize the interior of the housing 7,

the dampers 30 and 31 are brought to their respective 

closed positions, while the damper 32 is brought to Its 

open position. Thus, pressure within the housing 7 is 

Increased. As the pressure within the housing 7 reaches 

a predetermined value, the damper 30 is opened by an 

optional value so that a recirculation air-flow path is

.j

1

s
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i

25
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formed which extends from and to the blower 26 through 

the air supply pipes 27 and 27, the interior of the 

housing 7, the ventilation openings 24, the hollow 

portion of the conveyor shaft 9a, the open end esd

5 thereof and the exhaust pipe 25. Thus, the interior of 

the housing 7 can be maintained constant at the high

pressure .
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Under such pressurization, the polished rice 

is conveyed vertically upwardly by the screw conveyor 8 

while being steered. During the upward movement, the 

polished rice grains are brought into contact with each 

other so that the rice grains are ground. Further, the

moisture supplied through the moisture supply nozzles 17 

penetrates uniformly into the inner layer of each 

polished rice grain from the surface thereof flowing 

while being steered. The polished rice grains 

humidified and ground are given gloss or luster, and are 

discharged out of the housing 7 through the discharge 

port 13. The discharged polished rice is delivered to a 

subsequent processing line.

In the embodiment illustrated in Fig. 1, the 

single rice polishing machine 1 is employed. It is 

needless to say, however, that a plurality of rice 

polishing machines may be connected in series to each 

other. Further, the rice polishing machine may be of 

any type such as friction type, grinding type, 

horizontal-axis type or vertical-axis type. Moreover, a 

plurality of agitating or steering projections may be
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provided on the inner peripheral wall surface of the 

housing 7 in order to enhance the steering action. 

Alternatively, a plurality of steering elements may be 

provided on the screw conveyor 8 in order to promote the

5 steering action.

As described above, the embodiment illustrated 

in Fig. 1 has the following functional advantages. That 

is, the arrangement is such that a plurality of moisture 

supply nozzles 17 are arranged in spaced relation to

10 each other along the transport path. With such

arrangement, during transportation of the polished rice 

by the screw conveyor 8 while steering the polished 

rice, the moisture is added to the polished rice through(

t , ■ first one of the moisture supply nozzles 17 by such an

' , 15 amount as not to cause cracks to be formed in thes <
polished rice. At the time the moisture moves into the

interior of each rice grain from the surface thereof, 

the moisture is again added to the polished rice through

4 , second one of the moisture supply nozzles 17 by such an
0u

20 amount as not to cause cracks to be formed in the

polished rice. Thus, the polished rice can efficiently 
a:

51 be humidified substantially over the entire transportJi0
path along which the polished rice is conveyed while 

being steered. Further, the moisture is added to the

25 polished rice which has been raised in temperature under 

the polishing action due to the rice polishing machine 

1. During transportation of the polished rice through 

the tubular housing 7 while being steered, the moisture

i

18
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is added uniformly to the surfaces of the rice grains,

and the rice grains are ground by friction contact

between the rice grains. Moreover, the polished rice is 

humidified while the temperature of the polished rice is

maintained at a predetermined high level. Thus, the

moisture can be added to the polished rice grains at

high rate with considerably high safety, that is,

without formation of cracks in the rice grains, as

compared with a case where the polished rice is ordinary 

or usual in temperature. Furthermore, the moisture is

added to the polished rice under the condition that the

interior of the housing 7 is pressurized. This makes it

possible to add the desirable moisture to the polished 

rice at a rate about ten to twenty times the ordinary or

usual rate that Is 0.2% to 0.3% per hour.

Referring next to Fig. 2, there is illustrated 

a polished-rice humidifying apparatus 90 according to

another embodiment of the invention. The humidifying

apparatus 90 comprises a heater device 86 which has a 

tubular rotary member 87 whose peripheral wall is 

perforated. The tubular rotary member 87 has its axis 

extending horizontally, and is arranged rotatably within 

a frame 88. A polished-rice supply hopper 40 provided 

with a flow-rate adjusting shutter 89 is arranged which 

extends through one end wall of the tubular rotary 

member 87. The other end wall of the tubular rotary 

member 87 is formed with openings through which the 

polished rice can pass freely. The frame 88 is formed
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with a discharge port 41 at a location adjacent the

other end wall of the tubular rotary member 87. A 

temperature sensor 83 is provided at the discharge port 

41. The frame 88 has its bottom which is provided with 

an opening extending longitudinally. An air supply duct

42 has one end thereof which is connected to the opening

in the bottom of the frame 88. A blower 43 is arranged 

adjacent the other end of the air supply duct 42. A 

combustion furnace 44 is arranged between the blower 43

and the one end of the air supply duct 42. Thus, the

blower 43 and the combustion furnace 44 cooperate with

each other to form a hot-air generating unit 45. The

frame 88 has a top wall 47 provided with openings 46

through which the hot air is discharged out of the

tubular member 87 and the frame 88. In this manner, a

hot-air path 48 is defined which extends from the blower

43 to the exterior of the frame 88 through the air-

supply duct 42, the perforation in the peripheral wall

of the tubular member 87, the interior thereof, again 

the perforation in the peripheral wall of the tubular 

member 87, and the openings 46 in the top wall 47 of the

frame 88.

The polished-rice humidifying apparatus 90 has 

a body which is arranged immediately downstream of the 

heater device 86. The body of the humidifying apparatus 

90 comprises a screw conveyor 50 which includes a 

tubular or cylindrical housing 49 having its axis 

extending horizontally. The housing 49 defines a

jj

I

20



predetermined transport path for polished rice to be 

humidified. The housing 49 is formed, adjacent one end 

thereof, with a supply port 70 which is connected to the 

discharge port 41 of the heater device 86. A rotary 

valve 71 serving as an air shut-off valve is provided at 

the supply port 70 for permitting the polished rice to 

flow through the supply port 70, but preventing air from 

flowing therethrough. A discharge port 55 is formed in 

the peripheral wall of the housing 49 at a location 

adjacent the other end thereof. The discharge port 55 

is provided with a rotary valve 54 similar to the rotary 

valve 71 provided at the supply port 70.

The above-described screw conveyor 50 has a

conveyor shaft 56a and a screw 56b fixedly mounted to 

the conveyor shaft 56a and extending about the same. An

assembly of the screw shaft 56a and the screw 56b is 

arranged rotatably within the housing 49 in concentric 

relation thereto. The conveyor shaft 56a has one end 

which projects from one end wall of the housing 49. A 

pulley 51 is mounted on the projecting end of the 

conveyor shaft 56a for rotation therewith. The pulley 

51 is drivingly connected, through a V-belt or the like, 

to a pulley 53 which is mounted on an output shaft of an

electric mo'or 52 for rotation therewith. The conveyor

shaft 56a of the screw conveyor 50 is hollow and has a 

plurality of ventilation openings 57 formed in the 

peripheral wall of the conveyor shaft 56a. The one end 

of the hollow conveyor shaft 56a is closed, while the
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other end of the conveyor shaft 56a is open. The other

open end of the conveyor shaft 56a is connected to a

discharge port of a blower 58 in such a manner that the 
s\wSt.

other end of the conveyor56a is slidably 

5 rotatable relatively to the discharge port of the blower

58 .

μ 
I ■

-The'''

The blower 58 has a suction port 59 which is 
os

connected to a discharge pipe 62^©ΐ a humidified-air 

generator 61 provided with an ultrasonic vibrator 60.

10 The humidified-air generator 61 has a suction side which 

is connected, through a duct 64, to a plurality of air-

discharge openings 63 formed in the peripheral wall of

the housing 49. The air-discharging openings 63 are

arranged in spaced relation to each other along the 
! tV,i

, ,, 15 transport path, andqtfee left-hand air-discharge opening
• 1 4
J 1

63 is located adjacent the supply port 70. A pair of 

branch pipes 65 and 66 are connected to the duct 64, and

are provided respectively with dampers 67 and 68. A 

damper 69 is provided in a portion of the duct 64 which
a c 4 «fl β 1
* * 20 extends between the pair of branch ducts 65 and 66.

When the blower 58 is driven to rotate, air is caused to
t i t

1 . flow along a recirculation air-flow path which extends
t i

** from and to the blower 58 through the hollow portion of

the conveyor shaft 56a, the ventilation openings 57, the

25 interior of the tubular housing 49, the discharge

openings 63, the duct 64, the humidified-air generator
CL

and th discharge duct 62. Since the left-hand 

discharge opening 63 is located adjacent the supply port
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70, the air is caused to flow substantially the entire 

transport path for the polished rice defined by the

tubular housing 49.

A water line 76 has one end thereof connected 

5 to a water source such as a water tank. The other end

of the water line 76 branches into three line sections.

The line sections of the water line 76 have their

respective forward ends which are formed respectively

into moisture supply nozzles 72 arranged in spaced

10 relation to each other along the transport path. The

line sections of the water line 76 are provided

respectively with flow-rate regulator valves 73. The 
mosi t'j.'re.

arrangement comprising the water line 76, theή

supply nozzles 72 and the flow-rate regulator valves 73

15 is similar to that described with reference to the 

embodiment illustrated in Fig. 1.

The operation of the polished-rice humidifying 

apparatus 90 illustrated in Fig. 2 will be described

below.

20 Polished rice grains are charged into the

supply hopper 40 of the heater device 86. The polished 

rice grains charged into the supply hopper 40 flows 

within the tubular rotary member 87 having the

perforated peripheral wall, toward the discharge port

25 41. During the movement, the polished rice grains are

heated by the hot air supplied from the hot-air 

generator 45. The polished rice grains elevated in 

temperature are discharged through the discharge port
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41. The temperature sensor 83 provided at the discharge

port 41 of the heater device 86 detects the temperature

of the polished rice discharged. A measurement value of

the temperature of the polished rice is sent to a

5 controller, and is compared with an optional setting 
c.o inrjQ.1/' \ o rs

value. On the basis of the^eefflp&e±so3a, the controller 

automatically controls the temperature of the hot air 

supplied by the hot-air generator 45.

The polished rice grains discharged through 

the discharge port 41 are supplied into the housing 49 

of the body of the polished-rice humidifying apparatus 

90 through the rotary valve 71 and the supply port 70. 

The polished rice grains supplied into the housing 49 

are conveyed by the screw conveyor 50 toward the

15 discharge port 55, while being steered. During movement 

of the polished rice grains toward the dischargeAport 

55, the polished rice grains are humidified by moisture 

supplied through the plurality of moisture supply

nozzles 72. In addition, the polished rice grains are

20 supplementarily subject to the uniform humidifying 

action by the humidified air supplied from the 

humidified-air generator 61. Further, because of heat 

generation due to the steering action of the flowing 

polished rice, the temperature of the polished rice

25 grains is prevented from being lowered abruptly. Thus, 

the temperature of the polished rice grains is 

maintained at a value substantially equal to that at the 

time the polished rice grains are discharged from the

i
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heater device 86. Therefore, the moisture adhering to 

the surface of each rice grain penetrates into the rice 

grain at a high rate, so that the rice grain is

i-·

v — -

humidified without formation of cracks therein. The 

5 polished rice grains reaching the other end of the

housing 49 is discharged through the discharge port 55, 

and is delivered to a subsequent processing step.

If it is desired to pressurize the interior of 

the housing 49, the damper 68 provided in the branch

10 Pipe 6θ is brought to an open position, while the

dampers 67 and 69 are brought to their respective closed 

positions. Under such condition^, the air is caused to 

flow by the blower 58. When the pressure within the 

housing 49 reaches a predetermined value, the damper 69

15 is opened too. predetermined opening degree to maintain 

the interior of the housing 49 at a predetermined high

pressure .

In the embodiment illustrated in Fig. 2, the 

air is forcibly delivered into the housing 49 through

20 the hollow portion of the conveyor shaft 56a and the 

ventilation openings 57 in the peripheral wall of the 

conveyor shaft 56a. It is to be understood, however,

that the air can be drawn from the interior of the 

housing 49 through the ventilation openings 57 and the

25 hollow portion of the cor’ yor shaft 56a.

It will be appreciated by one skilled in the

art that the embodiment illustrated in Fig. 2 can have 

functional advantages similar to those of the embodiment
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illustrated in Fig. 1. A difference between them is

only that, in case of the embodiment illustrated in Fig. 

1, the temperature of the polished rice to be supplied 

to the humidifying apparatus 22 is raised under the

5 polishing action due to the rice polishing machine 1, 

whereas, in the embodiment illustrated in Fig. 2, the 

polished rice to be supplied to the humidifying 

apparatus 90 is heated by the heating device 86.

Referring next to Figs. 3 through 8, there is 

10 illustrated a rice milling system according to still

another embodiment of the invention. The rice milling 

system comprises a friction-type rice polishing machine 

100 having no humidifying function, » rice-grain 

humidifying apparatus 200, and a rice polishing machine

15 300 having a humidifying function for grinding polished

rice under the action of friction contact between

humidified rice grains. A bucket elevator 404 having

its axis extending vertically is arranged for supplying 
rce

raw material or brown^r-i-e-e to the friction-type rice 
po\\

20 machine 100. A bucket elevator 405 is

arranged vertically between the friction-type rice 

polishing machine 10 and the rice humidifying apparatus 

200, for supplying polished rice from the friction-type 

rice polishing machine 100 to the rice humidifying

25 apparatus 200. Further, a bucket elevator 406 is 

arranged vertically between the rice humidifying 

apparatus 200 and the humidifying-type rice polishing 

machine 300, for supplying humidified polished rice to
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the humidifying-type rice polishing machine 300.

The friction-type rice polishing machine 100

comprises a main shaft 101 having its axis extending

horizontally, and a polishing roll 102 mounted on the

_ main shaft 101 for rotation therewith in concentric □
relation to the main shaft 101. The polishing roll 102 

is provided with a plurality of, for example, a pair of 

diametrically opposed, elongated steering bars extending 

parallel to the axis of the polishing roll 102. A

10 tubular or cylindrical member 103 having a perforated 

peripheral wall for removing bran is arranged to 

surround the polishing roll 102 in concentric relation

thereto. The polishing roJ1 102 and the perforated

tubular member 103 cooperate with each other to define a

15 polishing chamber 104 therebetween. A discharge port

(not shown) is provided in communication with one end of

the polishing chamber 104. Associated with the 
in

discharge port^i=s an external pressure unit 105 which is 

composed of a pressure plate and a plurality of weights

20 urging the pressure plate toward the discharge port.

A discharge chute 106 has one end thereof connected to . 

the discharge port. The other end of the discharge

chute 106 communicates with a communication chute 107

connected to a supply port of the bucket elevator 405.

25 On the other hand, th friction-type rice polishing

machine 100 has a supply hopper 108 which is connected 

to a discharge port of the bucket elevator 404 through a

chute pipe 109.
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The rice-grain humidifying apparatus 200 will 

be described in detail with reference to Figs. 4 through 

8. The humidifying apparatus 200 comprises a frame 201 

whose lower portion is formed into a skirt section 202. 

As shown in Fig. 8, a conveyor arrangement comprises a

housing 203 which is arranged within the frame 201 and 

which is composed of a pair of tubular or cylindrical 

housing sections 203A and 203B having their respective

axes extending vertically. The pair of housing sections

203A and 203B are arranged side by side in parallel

relation to each other, to define a predetermined

transport path for the polished rice. The conveyor

arrangement further comprises a pair of screw conveyors

204A and 204B which rotatably arranged respectively

within the housing sections 203A and 203B in concentric

relation thereto for conveying the polished rice

vertically upwardly. The screw conveyors 204A and 204B 

have their respective conveyor shafts 205A^ and 2056·^ 

and screws 205A2 and 205B2 mounted respectively to the 

conveyor shafts 205A^ and 205B-^ and extending 

respectively about the same. The conveyor shafts 205A1 

and 205B-£ are rotatably supported by a top wall 201U and 

a bottom wall 201D of the frame 201 through a pair of

upper bearings 206A and 206B and a pair of lower 

bearings 207A and 207B.

The pair of conveyor shafts 205A-£ and 205B^ 

have their respective upper ends which project upwardly 

from the top wall 201U of the frame 201. A pair of



upper and lower sprockets 208A-L and 208A2 are mounted on 

the projecting end of the conveyor shaft 205A1 for 

rotation therewith, while a single sprocket 208B is

mounted on the projecting end of the conveyor shaft 

205B·^ for rotation therewith. The lower sprocket 208A2 

is drivingly connected to the sprocket 208B through a 

chain 209B. Further, the upper sprocket 208A-£ is 

drivingly connected, through a chain 209A, to a sprocket 

211 fixedly mounted on an output shaft of an electric 

motor 210 provided with a reducing gear arrangement.

Thus, when the motor 210 is driven, the pair of screw

conveyors 204A and 204B are rotated to feed the polished

rice vertically upwardly along the transport path. The

pair of conveyor shafts 205A1 and 205B-]_ are hollow and

have their respective upper ends which are closed.

Lower ends of the respective conveyor shafts 205A-]_ and

205B-]_ are open. Each of the conveyor shafts 205Α-^ and

205Β·£ has a peripheral wall formed with a plurality of

ventilation openings 212 which are covered with wire

screens or a net for preventing the polished rice grains

from entering the hollow portion of the conveyor shaft.
as

The housing section 203A^fea« a lower portion 

which is formed with a supply port 213. A supply chute 

214 is connected to the supply port 213 for introducing 

the polished rice into the housing section 203A through 

the supply port 213. A supply hopper 216 is arranged 

above the supply chute 214 and is connected to the same 

through a supply rotary valve 215 serving as an air



1
shut-off valve. The supply hopper 216 is connected,

through a chute pipe 223, to the discharge port of the

bucket elevator 405 Illustrated In Fig. 3. As shown in

Figs. 6 and 7, an electric motor 217 provided with a

5 reducing gear arrangement is directly connected to the

supply rotary valve 215. Referring back to Fig. 8, the

housing section 203B is also provided at its lower

portion with a supply port 218 which communicates with a

discharge port 219 formed in an upper portion of the

j
j,

10 housing section 203A, through a communication passage

220 defined between the pair of housing sections 203A

j
ί

and 203B. The housing section 203B has a discharge portt ίT
* J 221 located adjacent the top wall 201U of the frame 201.
4 J «« e « t

, The discharge port 221 is connected to a discharge chute■30440» tt O
« oe 15 222 arranged on the outside of the frame 201 as shown inλ η λ

Figs. 4, 6 and 7. The discharge chute 222 is provided

i
0*2». therein with a discharge rotary valve 224 serving as an

air shut-off valve. The discharge chute 222 has its

lower end which is connected, through a chute pipe 225,
09 a 6» « <

* 20 to the bucket elevator 406 illustrated in Fig. 3. An

1

i

electric drive motor 226 provided with a reducing gear

arrangement is connected to the discharge rotary valve

224 as shown in Fig. 6.

ϋ
TShsT*

Referring to Fig. 8, the bottom wall 201D of 

25 the frame 201 is formed with a pair of residual-rice

203A and 203B. A common shutter 228 is slidably

discharge ports 227A and 227B which communicate

respectively with the Interiors of the housing sections
<1
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arranged at the discharge227A and 227B. A 

residual-rice discharge chute 229 has an upper end

thereof which is connected to the residual-rice

discharge ports 227A and 227B. A residual-rice 

5 discharge rotary valve 230 serving as an air shut-off

valve is provided in the discharge chute 229, and is 

connected to an electric motor 231 having a reducing

gear arrangement.

As shown in Figs. 5 through 8, particularly,

10 in Fig. 8, a water tank 250 provided with a pump 251 is 

arranged on the rear side of the skirt section 202 of

the frame 201. The pump 251 has a supply pipe 252 which

extends through the peripheral wall of the frame 201 and

through the peripheral wall of the housing section 203A.

15 The supply pipe 252 has a forward end which opens to the

interior of the housing section 203A at a location below

the connection between the housing section 203A and the 

supply chute 214. A spray nozzle 253 is provided at the 

forward end of the supply pipe 252, for supplying water

20 in the form of mist to the polished rice flowing into 

the housing section 203A through the supply chute 214 

and the supply port 213.

As shown in Figs. 4 through 8, particularly, 

in Fig. 8, a high-pressure blower 254 is arranged within

25 the skirt section 202 of the frame 201. An air duct 255

extending from the blower 254 is connected to a heater 

256 for heating air flowing through the air duct 255 

An air duct 257 extending from the heater 256 is

j

ί

4 "
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connected to the lower end of the residual-rice

discharge chute 229 provided therein with the residual-

rice rotary valve 230, as clearly illustrated

particularly in Fig. 6. An air duct 258 connected to 

5 the lower end of the residual-rice discharge chute 229

extends vertically upwardly within the frame 201 along

the front wall thereof. The air duct 258 extends

through the top wall 201U of the frame 201.

Subsequently, the air duct 258 extends vertically

10 downwardly and is connected to the top wall of the

discharge chute 222, as illustrated in Figs. 6 and 7.

Referring back to Fig. 8, the upper ends of the

interiors of the respective housing sections 203A and

203B communicate with each other through a communication

15 duct 259 which is connected to the top wall 201U of the

frame 201.

As clearly shown in Figs. 5, 7 and 8, the open 

lower ends of the respective conveyor shafts 205A and 

205B are connected to an air-discharge duct 260 which is

20 connected to the suction side of the high-pressure

blower 254 through an air filter 261.

Air delivered by the high-pressure blower 254 

is returned to the same through a recirculation air-flow

path which will be described below. That is, the air 

25 delivered by the high-pressure blower 254 flows into the

heater 256 through the duct 255, and is heated by the 

heater 256. The heated air flows through the ducts 257 

and 258, and enters the housing section 203B through the

if
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discharge chute 222 and the discharge port 221. The 

heated air entering the housing section 203B flows also

into the housing section 203A through the communication 

duct 259 and through the communication passage 220. The

5 heated air filled in the housing sections 203A and 203B 

is discharged into the air discharge duct 260 through 

the ventilation openings 212 in the peripheral walls of 

the respective conveyor shafts 205Ap and 205Bp and 

through their respective hollow portions. The air

PO discharge into the air discharge duct^2©^ passes

through the air filter 261 and is returned to the high-

pressure blower 254. In this manner, the air flows

along the recirculation air-flow path described above.

Since the air from the blower 254 enters the housing

15 section 203B through the discharge port 221 through 

which the humidified polished rice is discharged, the

air is caused to flow substantially the entire transport 

path for the polished rice defined by the housing, 

sections 203A and 203B.

20 As shown in Figs. 4 through 7, a box 262 for

an electric power source is arranged in side-by-side 

relation to the supply hopper 216. Further, an 

operating box 263 is provided on the front wall of the 

frame 201, as shown In Figs. 4 through 6.

25 The humidifying-type rice polishing machine

300 will next be described with reference to Fig. 3.

The humidifying-type rice polishing machine 300 

comprises a supply hopper 301 which is connected to the

I
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discharge port of the bucket elevator 406 through a 

chute pipe 331. A main shaft 302 has its axis extending

horizontally. The main shaft 302 is hollow and has a

plurality of blowing openings 305 formed in a peripheral 

5 wall of the main shaft 302. One end 302a of the main

shaft 302 is open. A polishing roll 303 is mounted on

the main shaft 302 for rotation therewith in concentric

relation to the main shaft 302. A tubular or

cylindrical member 304 having a perforated peripheral

Ιθ wall for removing bran is so arranged as to surround the 
is

polishing roll 303^1« concentric relation thereto. A 

pair of diametrically opposed, elongated steering 

projections are provided on the peripheral wall of the 

polishing roll 303 and extend along the axis thereof.

15 The polishing roll 303 is formed with a pair of

diametrically opposed, elongated blowing slots 306 which 

extend respectively along the steering projections. The 

polishing roll 303 and the tubular member 304 cooperate 

with each other to define a polishing chamber 307

20 therebetween. A discharge port is provided in

communication with one end of the polishing chamber 307. 

Like the previously described friction-type rice 

polishing machine 100, an external pressure unit 308 is 

associated with the discharge port. A discharge chute

25 309 is connected to the discharge port.

A humidifying device 320 is associated with

the rice polishing machine 300. Specifically, the 

humidifying device 32G comprises a two-phase flow nozzle

I
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310 which is arranged in facing relation to the open one 

end 302a of the main shaft 302. The two-phase flow

nozzle 310 is connected to a water tank 311 and to an

air compressor 312.

5 The operation of the embodiment illustrated in

Figs. 3 through 8 will be described below.

Rice material, that is, brown rice is charged 

into the supply hopper 108 of the frlction-type rice

polishing machine 100 by the bucket elevator 404. The

20 brown rice charged into the supply hopper 108 is

delivered into the polishing chamber 104 by a screw roll 

(not shown) mounted on the main shaft 101 for rotation 

therewith. The brown rice is subject to the steering 

action by the steering projections on the polishing roll

15 102. Since the discharge port of the polishing chamber

104 is urged by the external pressure unit 105, the 

polishing chamber 140 is brought to an adequate high- 

pressure state. Accordingly, the rice grains are 

brough to friction contact with each other, whereby

20 surface bran layers of the brown rice grains are removed 

from the same, and germs of the brown rice grains are 

also removed from the same. Thus, the brown rice is 

polished to form polished rice. The bran powder removed 

from the brown rice grains is discharged through the

25 perforation in the peripheral wall of the tubular member

103.

The rice grains polished during movement 

through the polishing chamber 104, that is, the polished

4
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rice is discharged through the dischargedport against 

the pressure due to the external pressure unit 105. The

polished rice discharged flows through the discharge

chute 106 and the communication chute 107. The polished

5 rice entering the communication chute 107 is conveyed 

vei'tically upwardly by the bucket elevator 405, and is 

delivered to the subsequent polished-rice humidifying

apparatus 200 through the chute pipe 223.

The polished rice is charged into the supply

10 hopper 216 through the chute ρ4ρ;£· 223. The polished 

rice within the supply hopper 216 is supplied into the 

housing section 203A through the supply chute 214 and 

the supply port 213 by a constant amount under the 

action of the supply rotary valve 215 driven to rotate

15 by the motor 226. The polished rice supplied into the

housing section 203A is delivered vertically upwardly by

the screw conveyor 204A which is driven to rotate by the 
SloLF

motor 210 through the sprocket 211, the chain^j SOOAe· and 

the sprocket 208A-P The polished rice delivered

20 vertically upwardly falls under the gravity into the

housing section 203B through the discharge port 219, the 

communication passage 220 and the supply port 218. The 

polished rice is again delivered vertically upwardly by 

the screw conveyor 204B, and flows into the discharge

25 chute 222 through the discharge port 221. The polished 

rice flowing into the discharge chute 222 is discharged 

through the rotary valve 224 and the chute pipe 225. 

During movement of the polished rice through the housing

j
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sections 203Α and 203Β, the polished rice is supplied 

with water in the form of mist and is exposed to hot air 

subsequently to be described.

Water within the water tank 250 is forcibly 

5 delivered through the supply pipe 252 by the pump 251,

and is jetted through the spray nozzle 253. Water in 

the form of mist is applied to the polished rice at the

bottom of the housing section 203A, that is, is applied

immediately to the polished rice charged through the 

-j_0 supply port 213. Particles of the water in the form of

mist enter also gaps among the polished rice grains, and 

adhere to the entire surface of each rice grain. Since

the polished rice is delivered vertically upwardly by 

the screw conveyor 204A while being steered, the mist

15 adheres to the entire surface of each rice grains more 

effectively.

The polished rice having added thereto the

water in the form of mist fed through the spray nozzle

253 is delivered vertically upwardly while being 

20 steered, by the screw conveyor 204A. During the

movement, the rice grains are brought into contact with 

each other so that the water adhering to each rice grain 

spreads uniformly over the entire surface of the rice 

grain. Thus, the water absorption proceeds to the inner

25 layer of each polished rice grain from the entire

surface thereof. Further, air delivered by the high-

pressure blower 254 is heated by the heater 256 and is

supplied into the housing section 203B through the air
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ducts 257 and 258 and through the discharge chute 222 

and the discharge port 221. The hot air flows also into 

the housing section 203A through the communication duct

259 and the communication passage 220. The hot air

flows through the gaps among the rice grains, and is

discharged through the ventilation openings 212 formed

in the peripheral walls of the respective conveyor

shafts 205A-^ and 20513-^. At this time, the air pressure

applied to the polished rice promotes the absorption of

water into the rice grains, and evaporates excess

moisture from the rice grains. The air discharged 
y'e.tva rve_ck

through the ventilation openings 212 is^egtun-ned. to the 

high-presspre blower 254 through the discharge duct 260,
cjo\rv

and is^aga-in delivered into the housing sections 203A

15

20

and 203B. Thus, the air recirculated Is brought to hot

and humidified air containing a large amount of

moisture. The hot and humidified air is applied to the 

polished rice grains. This also promotes the absorption 

of water into the polished rice. In addition, since the 

polished rice is supplied to the polished-rice

humidifying apparatus 200 immediately after having been 

' polished by the friction-type rice polishing machine

100, the temperature of the polished rice Is relatively 

high. In addition, the polished rice is subject to the 

25 hot air and is further heated. Accordingly, the 

cellular tissue of each rice grain is expanded and 

becomes loose, so that the rice grain is brought to a 

state easy to absorb the moisture. On the other hand,

u
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the inner layer of each rice grain is brought to such a

state that the moisture moves or diverges from the inner 

layer toward the surface layer. In such state, even if

the moisture is added to each rice grain by an amount of 

5 about 1% by weight at a humidifying rate of the order of

five (5) times a safe humidifying rate with respect to

each rice grain of normal or regular temperature, cracks

are not subs martially formed in the rice grain, if the

entire polished rice is humidified uniformly. This is

10 because the rate of water absorption into the interior 

of the rice grain is not one-sided partially. Thus, the

humidification proceeds at a high rate in a safe manner.

Also during movement of the polished rice

through the housing section 203B, the polished rice is

15 supplied with the hot and humidified air while being

steered so that the absorption of water into the

polished rice continues. When the polished rice reaches

a location adjacent the upper end of the housing section 

203B, the polished rice falls under the gravity into the

20 discharge chute 222 through the discharge port 221. The 

polished rice falling into the discharge chute 222 is 

discharged out of the frame 201 by the discharged rotary 

valve 224 through the chute pipe 225.

When the operation is terminated, the polished

25 rice remaining at the bottoms of the respective housing 

sections 203A and 203B is discharged out of the frame

201. That is, the shutter 228 is moved to its open

position to permit the residual polished rice to fall

f
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into the discharge chute 229, thereby feeding the 

polished rice out of the housing sections 203A and 203B. 

The polished rice discharged through the rotary valve 

230 in the discharge chute 229 is conveyed toward the

5 discharge chute 222, together with the air flowing

through the discharge ducts 257 and 258. Only the air 

flows into the housing section 203B through the 

discharge port 221, while the residual rice is 

discharged through the discharge rotary valve 224.

10 The embodiment illustrated in Figs. 3 through

8 has been described as having a pair of housing 

sections 203A and 203B arranged in side-by-side 

relation. It is to be understood that a single housing 

section may be arranged, or three or more housing

15 sections may be arranged in side-by-side relation.

Alternatively, two or more humidifying apparatuses may 

be arranged in series. Moreover, the spray nozzle 253 

is not limited to one in number, but a plurality of 

spray nozzles may be arranged in spaced relation to each

20 other along the transport path, similarly to the

embodiments illustrated in Figs. 1 and 2. Furthermore, 

the humidifying apparatus 200 illustrated in Figs. 3 

through 8 may be modified as shown in Fig. 9 in such a 

manner that a damper arrangement is provided in the

25 discharged duct 260. Specifically, the damper

arrangement comprises an air flow-rate adjusting valve 

263 and a fresh-air intake valve 264. In the modified 

humidifying apparatus illustrated in Fig. 9, the air
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discharged out of the housing sections 203A and 203B is

**£»«»«

restricted, and an amount of air supplied into the

housing sections 203A and 203B through the air supply

duct increases. By doing so, the interiors of the

5 respective housing sections 203A and 203B are maintained 
o.VsoSor'ti

at high pressure, making it possible to^afee©^ the 

moisture into the polished rice more rapidly.

Referring back to Fig. 3, the polished rice

discharged through the discharge rotary valve 224 is

10 then charged into the supply hopper 301 of the
» I tt * <

humidifying-type rice polishing machine 300 by the

bucket elevator 406. The polished rice within the

supply hopper 301 is fed into the polishing chamber 307

by a screw roll (not shown) mounted on the main shaft

15 302 for rotation therewith. Like the friction-type rice

polishing machine 100, the polished rice is subject to

the steering action due to the steering projections on 

the polishing roll 303, and the rice grains are brought
t< <

into friction contact with each other within the

20 polishing chamber 307 while being pressurized by the
* fl <
* " external pressure unit 308. On the other hand, air
» « *β t ί

containing mist is supplied into the hollow portion of

*
u
ί ί

the main shaft 302 through the two-phase flow nozzle

310. The air containing mist is blown into the

25 polishing chamber 307 through the blowing openings 305

and through the blowing slots 306. By the air

containing mist, moisture in the form of particles

adheres to the surface of each rice grain. Further, the

41
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rice grains are brought into contact with each other. 

Thus, the surfaces of the rice grains are ground in such

a manner that bran is removed from the surface of each

rice grain. Bran powder containing moisture is 

5 solidified and is discharged out of the polishing

chamber 307 through the perforation in the peripheral

wall of the tubular member 304. In this manner, the 

polished rice is processed to one which does not contain 

bran powder and which has a glossy or lustered surface.

10 Furthermore, even if the surface of each polished rice 

grain discharged out of the humidifying apparatus 200 is 

not completely dry, but slightly wet, the polished rice 

can be processed to glossy and dry one by the rice 

polishing machine 300. That is, during passage through

15 the polishing machine 300, the rice grains are brought 

into friction contact with each other and is exposed to 

the humidified air blown through the blowing openings 

305 in th peripheral wall of the main shaft 302. Thus, 

the polished rice is processed to on which is dry and

20 glossy.

The embodiment illustrated in Figs. 3 through 

8 has been described as having the friction-type rice 

polishing machine 100 which is arranged upstream of the 

rice-grain humidifying apparatus 200 with reference to

25 flow of the rice. It is to be understood, however, that 

the friction-type rice polishing machine 100 may be 

replaced by a grinding-type rice polishing machine.

The embodiment illustrated in Figs. 3 through

ί
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8 and the modification illustrated in Fig. 9 have the 

following functional advantages. That is, the rice 

grains polished by the rice polishing machine 100 are 

supplied to the ri e-grain humidifying: apparatus 200.

5 The desired humidification of the polished rice is 

completed during the period within which the polished 

rice is conveyed vertically upwardly through the housing 

sections 203A and 203B while being st<:ered. The 

humidified rice is groun by the rice polishing machine

10 300, and excess moisture is removed from the rice by the

rice polishing ι 300. Thus, it j.s possible to

humidify the polished rice for a very short^pj^&fc^d of 
ViOimcNkV \ c_o_t\ or\

time and, accordingly, the^tojiuLd4-.fJL.ca.Upoa, of the 

polished rice can be prevented from interfering with a

15 continuous processing line in a rice milling plant. 

Further, since the moisture is added io the polished 

rice which has been elevated in temperature by the rice 

polishing machine 100, cracks are difitcult to occur in 

the rice grains so that the humidification is effected

20 safely and efficiently. Furthermore, the rice grains, 

which have passed through the rice-grom humidifying 

apparatus 200 and to which slight moisture adheres, are 

brought into friction contact with each other by the 

rice polishing machine 300 so that the rice grains are

25 ground. Thus, the rice grains can be finished into 

glossy or lustered one .

Moreover, the rice polishing; machine 300 is 

provided with the humidifying device 320. By the
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humidifying device 320, an adequate amount of moisture 

is supplied to the rice grains such that the surface of 

each rice grain is softened slightly. The rice grains 

are ground under the friction contact between the rice

5 grains by the rice polishing machine 300. Thus, the 

rice grains can be finished into glossy or lustered

ones .

The arrangement of the humidifying apparatus 

illustrated in Fig. 9 is such that the interiors of the

10 respective housing sections 203A and 203B are

pressurised by the damper arrangement. With such 

arrangement, the polished rice within the housing 

sections 203A and 203B can be humidified more

efficiently.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. An apparatus for humidifying polished rice, comprising:

screw conveyor means comprising a conveyor shaft and a

screw fixedly mounted on said conveyor shaft and extending 

5 about the same, said conveyor shaft being hollow and having an 

open end, said conveyor shaft having in a peripheral wall

thereof a plurality of ventilation openings through which

insides and outsides of said conveyor shaft communicate with

each other, said screw conveyor means having around said screw

10 a tubular housing defining a predetermined transport path for

f
,* the polished rice, for conveying the polished rice, while

steering the same, along said transport path;

humidifying means arranged in association with said trans-

° port path for adding moisture to the polished rice conveyed

15 along said transport path, by such an amount of moisture as not

to form cracks in the polished rice, thereby humidifying the

same; and

air-flow means arranged in association with said transport 

path for causing air to flow along said transport path, to 

*20 remove excess moisture from the polished rice humidified by 

said humidifying means, said air-flow means Including a blower 

means having a suction port and a discharge port, either one of 

said ports being connected to said open end of said conveyor

shaft.
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2. An apparatus according to claim 1, wherein said humidify-

ing means includes a plurality of moisture supply nozzles

arranged In spaced relation to each other along said transport

path.

3. An apparatus according to claim 1, wherein. said air-flow

means: causes the air to flow along a part of said transport

path .

4. An apparatus for humidifying polished rice, comprising:

conveyor means having a tubular housing defining a prede­

termined transport path for the polished rice, for conveying

the polished rice, while steering the same, along said trans­

port path;

humidifying means arranged in association with said trans­

port path for adding moisture to the polished rice conveyed

along said transport path, by such an amount of moisture as not

to form cracks in the polished rice, thereby humidifying the

same; and

air-flow means arranged in association with said transport

path for causing air to flow along said transport path, to

remove excess moisture from the polished rice humidified by

'ο'-Χιττ,',Α.
said^humid-iflcd means;

said apparatus further comprising restrictor means ar­

ranged in association with said air-flow means, for restricting

the flow of air caused by said air-flow means, to raise pres-
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sure within said tubular housing.

Jj 5. An apparatus according to claim 4, further comprising

M supply means connected to said tubular housing at a location

i'

3 adjacent one end of said transport path, the polished rice

j 5 being supplied onto said transport path through said supply

:j means, and discharge means connected to said tubular housing at

π a location adjacent the other end of said transport path, the

j ' ·' ,

.•j humidified polished rice being discharged out of said tubular
if
I
j housing through said discharge means, wherein said supply means

■j

j qo and said discharge means are provided respectively with valves

■j
j for permitting the polished rice to flow through said supply

Ϊ means and said discharge means, but preventing the air from

I
I 1

S flowing through said supply means and said discharge means.

6. An apparatus for humidifying polished rice, comprising:

•‘•S conveyor means having a tubular housing defining a prede­

termined transport path for the polished rice, for conveying

the polished rice, while steering the same, along said trans-

·» port path;< < ί I
humidifying means arranged in association with said trans- 

20 port path for adding moisture to the polished rice conveyed 

along said transport path, by such an amount of moisture as not 

to form cracks in the polished rice, thereby humidifying the

same; and

air-flow means arranged in association with said transport

- 47



ί

,-.
-.2

2)
 V

,-

' J* itt
Ί' *

j.-i
u
Μ-

•j path for causing air to flow along said transport path, to remove excess

H moisture from the polished rice humidified by said humidifying means,

wherein said tubular housing has its axis extending vertically, 

wherein said humidifying means includes a plurality of moisture supply 

5 nozzles arranged in spaced relation to each other along said transport 

path, wherein said air-flow means causes the air to flow along a part of 

said transport path, wherein said apparatus further comprises restrictor 

means arranged in association with said air-flow means, for restricting 

the flow of air caused by said air-flow means, to raise pressure within said 

1 0 tubular housing, supply means connected to said tubular housing at a 

q location adjacent one end of said transport path, the polished rice being
‘i ·

? supplied onto said transport path through said supply means, and

j discharge means connected to said tubular housing at a location adjacent

I the other end of said transport path, the humidified polished rice being

j 1 5 discharged out of said tubular housing through said discharge means,
ri
I and wherein said supply means and said discharge means are provided

j respectively with valves for permitting the polished rice to flow through

j said supply means and said discharge means, but preventing the air from
) * *
! 4 6
S · ··’ flowing through said supply means and said discharge means,

j 20

j 7. An apparatus according to claim 1, wherein said conveyor means

includes a conveyor shaft arranged within said tubular

-tttt
25

il

}
i

I

i

4
4

-48-



o © 
o u

housing, and a screw fixedly mounted uo said conveyor shaft and 

extending about the same, wherein said conveyor shaft is hollow 

and has open one end, said conveyor shaft having a plurality of 

ventilation openings formed in a peripheral wall of said con­

veyor shaft, the hollow portion of said conveyor shaft communi­

cating with an interior of said tubular housing through said 

ventilation openings, and wherein said air-flow means causes 

the air to flow along a predetermined air-flow path which

ο «,·. extends through the interior of said tubular housing, said
O a η
© v Q o

ventilation openings, the hollow portion of said conveyor shaft

u ©

and said open one end of the same.

Lose O 0
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8. An apparatus according- to claim 7, wherein said air-flow 

means includes a blower having; a suction port and a discharge

1

port, wherein said suction port is connected to said open one

»
15 end of said conveyor shaft, and said discharge port is connect­

ed to said tubular housing, so that said air-flow path is 

formed into a recirculation path, wherein said apparatus fur­

ther comprises supply means connected to said tubular housing 

at a location adjacent one end of said transport path, the

20 polished rice being supplied onto said transport path through 

said supply means, discharge means connected to said tubular 

housing at a location adjacent the other end of said transport 

path, the humidified polished rice being discharged out of said

tubular housing through said discharge means, and restrictor
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means arranged in said recirculation path for restricting the

flow of air caused by said air-flow means, to raise pressure 

within said tubular housing, and wherein said supply means and 

said discharge means are provided respectively with valves for

5 permitting the polished rice to flow through said supply means 

and said discharge means, but preventing the air from flowing

through said supply means and said discharge means.

5'

9. An apparatus for humidifying polished rice, comprising:

conveyor means having a tubular housing defining a prede- 

10 termined transport path for the polished rice, for conveying

the polished rice, while steering the same, along said trans­

port path;

humidifying means arranged in association with said trans­

port path for adding moisture to the polished rice conveyed

15 along said transport path, by such an amount of moisture as not 

to form cracks in the polished rice, thereby humidifying the

same; and

air-flow means arranged in association with said transport 

path for causing air to flow along said transport path, to

20 remove excess moisture from the polished rice humidified by

said humidifying means;

wherein said tubular housing has its axis extending hori­

zontally, wherein said humidifying means includes a plurality 

of moisture supply nozzles arranged in spaced relation to each

25 other along said transport path, wherein said air-flow means

i
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causes the air to flow along substantially the entire transport 

path, and wherein said apparatus further comprises supply means 

connected to said tubular housing at a location adjacent one 

end of said transport path, the polished rice being supplied

5 onto said transport path through said supply means, discharge 

means connected to said tubular housing at a location adjacent

the other end of said transport path, the humidified polish 

rice being discharged out of said tubular hosing through said 

discharge means, and restrictor means arranged in association

10 with said air-flow means, for restricting the flow of air 

caused by said air-flow means to raise pressure within said

tubular housing, and wherein said supply means and said dis­

charge means are provided respectively with valves for permit­

ting the polished rice to flow through said supply means and

15 said discharge means, but preventing the air from flowing

through said supply means and said discharge means.

10. An apparatus according to claim 1, further comprising 

heater means for heating the polished rice to be fed into said 

tubular housing.

20 11. An apparatus according to claim 1, further comprising

supply means connected to said tubular housing at a location 

adjacent one end of said transport path, the polished rice 

being supplied onto said transport path through said supply

•vrer
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means, wherein said humidifying means includes a single mois­

ture supply nozzle arranged adjacent the connection between 

said supplying means and said tubular housing.

Ϊ 12. An apparatus according to claim 1, wherein said tubular

5 housing includes at least two housing sections having their

respective axes extending vertically in parallel relation to

each other, wherein said conveyor means includes at least two
; j

' conveyor shafts arranged respectively within said housing

sections, and at least two screws fixedly mounted respectively

10 to said conveyor shafts and extending respectively about the

same, wherein said apparatus further comprises communication

i means through which interiors of the respective housing sec-

3 --,
ί I «
i -,, tions communicate with each other, wherein said conveyor shafts

are hollow and have their respective open one ends, each of

15 said conveyor shafts having a plurality of ventilation openings

formed in a peripheral wall of the conveyor shaft, the hollow

, portion of the conveyor shaft communicating with an interior of 

« < *

a corresoonding one of said housing sections through the venti-
a <
« »
‘ lation openings, and wherein said air-flow means causes the air

20 to flow along a predetermined air-flow path which extends

( « »·· through the interiors of the respective housing sections, said

;: β
0*4004

1 » · communication means, the ventilation openings in the peripheral

walls of the respective conveyor shafts, the hollow portions of

25 respective conveyor shafts.

the respective conveyor shafts and said open one ends of the
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13. An apparatus according to claim 12, further comprising 

supply means connected to said tubular housing at a location 

adjacent one end of said transport path, the polished rice 

being supplied onto said transport path through said supply 

means, and discharge means connected to said tubular housing at 

a location adjacent the other end of said transport path, the 

humidified polished rice being discharged out of said tubular 

housing through said discharge means, wherein said air-flow 

means includes a blower having a suction port and a discharge 

port, wherein said suction port is connected to said open one 

ends of the respective conveyor shafts, and said discharge port

is connected to the connection between said tubular housing and

said discharge means, so that said air-flow path is formed into

a recirculation path, wherein said apparatus further comprises

restrictor means arranged in said recirculation path for re­

stricting the flow of air caused by said air-flow means, to

raise pressure within said tubular housing, and wherein said 

supply means and said discharge means are provided respectively 

with valves for permitting the polished rice to flow through 

said supply means and said discharge means, but preventing the 

air from flowing through said supply means and said discharge

means .

14. An apparatus according to claim 13, further comprising 

means for heating the air fed into the interior of said tubular

zXViL-.·;,

t" Ί 
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15. A rice milling system comprising:

a rice polishing machine for polishing brown rice to form 

polished rice, wherein polishing of the brown rice to the pol-

5 ished rice raises temperature of the polished rice; and

an apparatus for humidifying the polished rice from said 

rice milling machine, said apparatus comprising screw conveyor 

means including a conveyor shaft and a screw fixedly mounted on 

said conveyor shaft and extending about the same, said conveyor 

10 shaft being hollow and having an open end, said conveyor shaft 

having in a peripheral wall thereof a plurality of ventilation 

openings through which insides and outsides of said conveyor 

shaft communicate with each other, said screw conveyor means 

having around said screw a tubular housing defining a predeter- 

15 mined transport path for the polished rice, for conveying the 

polished rice, while steering the same, along said transport 

path; supply means connected to said rice milling machine and 

to said tubular housing at a location adjacent one end of said 

transport path, the polished rice from said rice polishing ma- 

20 chines being supplied onto said transport path through said 

supply means; humidifying means arranged in association with

-S »

said transport path for adding mositure to the polished rice 

conveyed along said transport path, by such an amount of mois­

ture as not to form cracks in the polished rice, thereby humid-

25 ifying the same; air-flow means arranged in association with

$
a

It

- 54 "54



I

5

said transport path for causing air to flow along said trans­

port path, to remove excess moisture from the polished rice 

humidified by said humidifying means, said air-flow means 

including a blower means having a suction port and a discharge 

port, either one of said ports being connected to said open end 

of said conveyor shaft; and discharge means connected to said 

tubular housing at a location adjacent the other end of said 

transport path, the humidified polished rice being discharged 

out of said tubular housing through said discharge means.

16. A rice milling system according to claim 9, further com­

prising a second rice polishing machine connected to said 

discharge means, for further polishing the polished rice dis­

charged out of said tubular housing through said discharge

means .

17. A rice milling system according to claim 10 further com­

prising means arranged in association with said second rice 

polishing machine for humidifying the polished rice during fur­

ther polishing of the same by said second rice polishing ma­

chine .

18. A rice milling system according to claim 9, wherein said 

tubular housing has its axis extending vertically, wherein said 

humidifying means includes a plurality of moisture supply 

nozzles arranged in spaced relation to each other along said

f
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transport path, wherein said air-flow means causes the air to 

flow along a part of said transport path, wherein said appara­

tus further comprises supply means connected to said tubular

housing at a location adjacent one end of said transport path, 

5 the polished rice being supplied onto said transport path 

through said supply means, discharge means connected to said 

tubular housing at a location adjacent the other end of said

transport path, the humidified polished rice being discharged 

out of said tubular housing through said discharge means, and

10 restrictor means arranged in association with said air-flow

means, for restricting the flow of air caused by said air-flow

means, to raise pressure within said tubular housing, and

!
wherein said supply means and said discharge means are provided 

respectively with valves for permitting the polished rice to

15 flow through said supply means and said discharge means, but

preventing the air from flowing through said supply means and 

said discharge means.

19. A rice milling system according to claim 15, wherein said 

tubular housing includes at least two housing sections having 

20 their respective axes extending vertically in parallel relation 

s to each other, wherein said conveyor means includes at least 

two conveyor shafts arranged respectively within said housing 

sections, and at least two screws fixedly mounted respectively 

to said conveyor shafts and extending respectively about the 

25 same, wherein said apparatus further comprises communication

56
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means through which interiors of the respective housing sec­

tions communicate with each other, wherein said conveyor shafts 

are hollow and have their respective open one ends, each of 

said conveyor shafts having a plurality of ventilation openings 

formed in a peripheral wall of the conveyor shaft, the hollow 

portion of the conveyor shaft communicating with an interior of 

a corresponding one of said housing sections through the venti­

lation openings, and wherein said air-flow means causes the air 

to flow along a predetermined air-flow path which extends

through the interiors of the respective housing sections, said

communication means, the ventilation openings in the peripheral 

walls of the respective conveyor shafts, the hollow portions of

the respective conveyor shafts and said open one ends of the

I
respective conveyor shafts.

Dated this 17t.h day of July 1990

SATAKE ENGINEERING CO., LTD. 
By their Patent. Attorneys 
COLLISON & CO
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