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Abstract

This research was conducted to enhance a vertical mill producing embryo-retaining polished rice in the 15% mois-
ture content range. A vertical embryo-retaining polished rice producing system with a 1 ton/h capacity was designed
and developed. The vertical miller system composed of two vertical millers with abrasive and friction rollers. The
effects of the moisture content and shaft speed of the mill on germ (embryo) adherence ratio, whiteness, broken rice
ratio, and cracked rice ratio were scrutinized. The influences on germ-adherence ratio and rice quality when pro-
cessing with a roller type and abrasive stone in the vertical miller were also reported. The prototype miller system
could be improved with optimal conditions: shaft revolution speed of 780 rpm and 960 rpm, processing capacity of
600 kg/h, zero outlet resistance, and rice moisture content of 15.2%. The results were as follows. First, the germ-
adherence ratio in the processing of a miller was significantly affected by the moisture content of brown rice. When
brown rice with a moisture content of 15.2% was milled by the prototype with sample inputs of 600 kg/h, the germ-
adherence ratio of the milled rice increased by 70%. Secondly, a whiteness test of embryo-retaining polished rice
also improved by 35 to 37% when milled with a shaft speed of 960 rpm and 780 rpm and emery stones of mesh
No. 38, respectively. Furthermore, the broken rice rate was less than 1% in this system. The optimal milling con-
ditions of the vertical mill were found to be a shaft speed of 780 rpm and 960 rpm, emery stones of mesh No.
38, zero outlet resistance and a milling rate of 600 kg h™' considering the embryo-adherence ratio, broken rice ratio,
and whiteness of the milled rice, thereby producing an energy-saving of 30%.

Key words: embryo-retaining polished rice, vertical miller with abrasive and friction rollers, emery stones, embryo
adherence rate
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Fig. 1. The configuration of vertical rice mill system with an
abrasive & friction roller for producing embryo-retaining
polished rice: (1) resistance pendulum, (2) rice exit, (3) pump,
(4) pulley, (5) upper cover. All dimensions are in mm.

Table 1. Specifications of an embryo-retaining polished rice producing system of vertical type with an abrasive & friction roller.

Equipment Specification

Remarks

Capacity
Shaft-roller with emery stones

Capacity: 1 ton/h

Stones: 6 number attached.

Abrasion & friction type

Height: 270 mm, Diameter: 120 mm

Metal Interval between stone and screen: 6.5 - 7.0 mm
System operating power: 15 hp
Fans: 10 hp

Powers

1** System for embryo-retaining polished rice: 960 rpm

Two vertical mills in series

2™ System for embryo-retaining polished rice: 780 rpm
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Fig. 2. A schematic of a prototype of vertical rice miller for producing embryo-retaining polished rice: (a) side view, (b) top view.

All dimensions are in mm.

(3)

Fig. 3. A cross-sectional detail view of vertical rice miller: (1)
brown rice, (2) rotational roller, (3) screen, (4) glass, (5) emery
stones (rotational), (6) emery stones (fixed), (7) air hole.
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Fig. 4. Photographs of a vertical rice mill: (a) mesh, (b) shaft roller, (c) vertical mill.

Fig. 5. Photographs of vertical rice mill system with an abrasive
& friction roller: (a) final vertical rice mill developed in this
study, (b) a vertical rice mill system installed (arrow) in the rice
process complex.

HH
HH

| HHOIFEE

B Ao e g4 15202% Sl BEEs) &
£ nhE2] 4F wljotn] LA " AAIS A} S
2 Adole WSS A<l WE 54 7](C-600, Kett
Electr’c Lab., Takyo, Japan)& ©]-&-3t] AET 3 WHE- =4
stod FA3HA T

2 nF

%)

—

OFEA| 21 BHOD| MAPA|AE] JHE
FAV7IE fxste] wjotv]E Az At wjol £
TS 15£0.1%014 58+0.2%0l E=Eat o) wim
7F 322 ZojE oz YA Yttt ofol wior|o] Wi
Eo| AL WjoRtAHE R £0]7] fEA ME & A2k ¢
ujobm] AN TS A g Al ApskgiTh 9, oy A
S As] flsiA 1 E 8 2t xR 9F
Ar71E AEE dAsto] wjotr] A 2E S shdskl
ok 2 AR AERS =Rl dAlste] dYS @

fo o 1>

i

ogh

o, wjotu] FAel| WA= FFoEN FFE 33
Sw7t wjoprAEel vlAle 9%, wdAe] f=rt 385
QA 735 Aol me wjobraE Wl st ol
ol PlAls 9% 2 Al

Hjota| E&ofl 0|Xl= L&

Table 2+= 702k vjjolu] AYARA] 2wl e] AJ2}7] A2} &
glol| we wjoln] F2 AFE veRdth 1 ©@A9] wijolA
n7] Alz71e] S S22 309 AatEs FEska
29A mpE )78 T2 7-9(Table 2: ¢, d), ok
FAES T4 15.7202%00 A F 73+02%= wi-¢- E=A
Uehg oy, el ok 31 e wiro] Zrfo] g Ao
7=k oo 1 2A wjopu] 7] AlZr]e] FEE
=S 47 AT M (Table 2 e} f, 29HAIE vhE
2l Au7]) MEE 34 oo R FUME & AU wjo}
FHEE 68%2 7 AT 7 AATHITE 14£0.1%).
gy HFAH R | DAl AR AxtebEa g
7] 20 HE=E dAste] Age A, o] A|ZF(Table
39 hoZ ST FYFS 28t F-E 15.2%2
AER A A7, FAF oF 600 kgl A (gate 19 mm 7
B) M5 oF 35 2 wjolAE oF 70%E JERN L,
A <F 500 kgoll A (Table 32] g, gate 15 mm JE})=
= oF 37, wjol-EE oF 60%S YERNTH wetA & o)
opgm| 7] AR oM = FEH AAES 3 7)), 23U
A= 6719 AAES AA|sh= Zo] ot AED W s
ol 7 v sk Tk el s =o)7] 98]
M 2 @19 AatebE] o7l s EFAE F

(T3 9 42%) 278 dxsts Aol Ak &
1, et F5 wek 2] wjopgdm|7lolA A
o] A9} 5 (gate control)S F A3 ZA3sle] W)
oF wjolt2ES Fol= Zlo] stk Ao W=

O:

=

jus)

it

M1 o



246 e -

e - AT

Table 2. A quality investigation of embryo-retaining polished rice by 6 types of vertical rice mill systems.

Type of a vertical rice mill system Germ :El‘i};erence

Capacity
(kg/h)

Moisture content Broken rice

‘Whiteness %) %)

68.2+1.4
70.8+1.8

a Mill A" + Mill B? (condition 1)
b Mill A" + Mill B? (condition 2)
Mill A" + Mill B? (condition 3)
No. of shaft-roller stone: 3,
*Pendulum: small type, left
position.
Mill A" + Mill B? (condition 4)
No. of shaft-roller stone: 3,
d *Pendulum: middle type, center 73.3%2.1
position.
Mill A" + Mill B? (condition 5)
No. of shaft-roller stone: 4,
*Pendulum: small and middle
type, both end side position.
Mill A" + Mill B? (condition 6)
No. of shaft-roller stone: 4,
f Pendulum: middle type, end 68.6+1.2
side position.

73.4+1.9

59.0+0.8

15.4+0.2 2.0£0.1
15.8+0.5 1.0£0.1

30.8+0.3
31.6+0.5

1,000
1,000

30.5+£0.4 15.7£0.6 1.5+0.1 1,000

30.7+0.2 15.7+0.7 2.5+0.2 1,000

35.8+0.4 15.0+0.2 1.540.1 800

34.6+0.2 15.0+0.1 2.2+0.2 800

"Mill A: a vertical mill with an abrasive and frictional roller.
2Mill B: a vertical mill with a frictional roller

Table 3. A quality investigation of embryo-retaining polished rice by two vertical rice mill system in series.

Items Germ adherence

Type of a vertical rice mill (%)

Broken
rice (%)

Capacity
(kg/h)

Moisture

Whiteness content (%)

Mill A" + Mill A":

(two vertical mills in series)

No. of shaft-roller stone: 3,
g “Pendulum: 1 mill uses medium-size
pendulum in the end side position; 2" mill
uses small and middle pendulums at the end
side position.
Mill A' + Mill A":
(two vertical mills in series)
No. of shaft-roller stone: 3,
“Pendulum: Both mills use of small and
Medium-sized pendulums at the end side
position.

70+2.1

60+1.8

35+0.4 15.2+0.2 0.5£0.0 600

37+0.5 15.2+0.3 0.6+0.0 500

"Mill A: a vertical mill with an abrasive and frictional roller.
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