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Study on the Improvement of Milling Recovery and Performance(] )
—Operational Factors Affecting Rice Milling Performance—

Summary

This study was carried out to investigate the effects of the counter-pressure setting
and the roller speed of a rice whitening machine on the head rice recovery, milling
capacity and milling efficiency, and also to find out the optimum operational conditions
of the machine. The radial pressure inside the whitening chamber and the outlet axial
pressure were measured to study their relationships with the head rice recovery,
milling capacity and milling efficiency. The results of the study are summarized as
follows.

(1) The most important factor in rice whitening was the counter-pressure setting. It

significantly affected the head rice recovery.

(2) The roller speed significantly affected the milling capacity and milling effici-
ency, but it did not affect the head rice recovery.

(3) Both the radial pressure and the outlet axial pressure were affected by the coun
ter-pressure setting but not by the roller speed. Both of them increasead almost
linearly with the counter-pressure setting. There was a significant correlation
between the radial pressure and the outlet axial pressure.

(4) The flow rate through the whitening chamber when the feed gate was fully
opened increased with the roller speed, but it was not affected by the counter-
pressure setting.

(5) The head rice recovery decreased as the counter-pressure setting increased, but it
was not affected by the roller speed. The reason could be explained by the fact
that the radial pressure increased only with the counter-pressure setting,

(6) The milling capacity increased with the counter-pressure setting and linearly
with the roller speed. The milling* efficiency generally increased with both the
counter-pressure setting and the roller speed. However, the effect of roller speed
was negligible at the higher counter-pressure setting.
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(7) The temperature rise inside the whitening chamber was moderate with the mean
of 11, 3°C (range 5. 6~18, 3°C) even though it increased slightly with the roller

speed.

Considering the head rice recovery and milling efficiency,

the optimum operational

conditions of the machine appeared to. be.the counter-pressure setting of 67g/cm? and
the roller speed of 1,050 rpm. Neglecting the small difference in the head rice recovery,
the greater milling capacity could be obtained at the counte-rpress:ure setting of 85g/cm?

with the roller speed of 850~105Q rpm.

1. % W

HE Aoz BHEEAY SA%d B v
o GARS AAESA AXA Ao o] LIEERS -
BEpeIkY BEE flisterl e (R3S BRE,
B, Hoke A 2 mIERAA vuve &,
YRE 5 BEStdoF T Aol o T HKRE.
e o= AL ol BERT Adstel A3t %
A, MLEESE, PHEEATE BEES £89
FERA A AZ 2 REE 7t 4 do,
FREw NLARSA ABRERE Hdvie B
o] BES AT R B e sl chdilens
o] B 2FF WLE Az HRez HHd
°F & BiEelct, odd, BEARAA #Ei4dte

at
[ 4
[ 1 g
1y
by
i : .
h

GCR [(6) ] 8)
1) = r ! g

#myBke] HENeZ WERY EIEh & 2
B Az gved MEst o,

ol & MRksly] At A Bk 2ol MY
2 %R & BN ALk Eel PIEs =
ke glon], H3 A HREL e H—R
BES o BRe YER ftkd EeT BB 1
iAol WAFA LomzA EFBLe EHkd
o BEE 2 A5, olHd EEMKE Rl
o] NEFS] WIS BT A BBiEEd o
W, —# HEEER SUEREY BOE Miad] BR
of +%E F HEHEY ¥ ok, EEgEsEg
TR NS o fines Jzstes HPEFESE
9] kol BifEsle Aaew. REFE I gleo] W=
BHEhE AFA X3z A+

webd, K R old-HES Fddl] &y

(10)

—

1)

) ' (2)

o

@)

L

(9)

/i

(1) Bucket Elevator to Huller (2) Surge Bin (3) Scale Feeder (4) Rubber Roll Huller (5) Bucket

Elevator - to Huller

(6) Bucket Elevator to Husk. Ssparator. or Huller

(7) Paddy Separator

(8) Bucket Elevator to Whitener (9) Rice Whitener - (10), Bugket Elevator. to Whitener or Whole
Rice Bin (11) Sieve (12) Whole Rice Bin (13) Bran Collector

Fig. 1. Elevation view of SNU experimental rice milting system.
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Fig. 2. Schematic flow diagram of SNU expzrimental rice milling system.
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Table 2. Physical properties and qualities of brown rics uszd for milling expzriments.

ITEM OBSERVATIONS REMARK
Variety Milyang-23
Grain size: length (L) 6.50 average
(mm) width (W) 2. 60 value of 10
thickness(T) 1.92 grains
L/T 3.38
Bulk density (kg/!) 0.784
Mboisture content (% w.b) 12.92
Head grain (%) 96.0
sound grain 75.09
greenish grain 7.52
stained grain 2.79
cracked grain 10. 60
Broken grains (% 4.00
Unhulled paddy (%) 0.00
Foreign matters (%) 0.00
Cracking hardness of hulled grain(kg/grain) 6. 66
Percentage of hull to paddy (%) | 19.4
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Fig. 4. Schematic digrem of the displacement transducer for measuring counter pressure
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Table 3. Moisture content of brown rice and ambient air condition for each expsriment.

Repli- | Treatment Mgiasrfgégt Amhient zj‘nldltt'fns Remark
cation ‘ (% Tem?oeéz;ture ehimlnigity
(%)
R:Cs 14,1 15.7 &9 M.C mean=14.3 (%)
R:C, 14.1 20.3 71 s.d.=0.14
R.C: 14,1 20. 8 73 range=14.1—14.4
RsC. 14.3 22.0 63 f Temp. mean=19.9 (°C)
I R.C, 14.3 22,0 63 | s.d.=2.08
R.Cs 14.4 17.6 85 range=15.7—22.0
R.C, 14. 4 20.0 80 J R.H mean=73.9 (%)
R.Cs 14.4 21.3 85 5.d.=8.36
RiC, 14.4 19.6 76 J range =63—85
| R.C, 14.6 23.4 z 75 ] M.C. mean=14.8 (%)
J R.C. } 14.7 22.9 78 , s.d.=0.14
| R.C. 14,7 22.5 88 range=14,6—15.0
. R.C, f 14.7 22.5 88 Temp. mean=21.7(°C)
I ' R.,C, | 47 22.2 85 s.d.=1.26
I RsCs, | 149 20. 4 82 [ range=20.2—23. 4
A ReC, | 149 20. 4 82 R.H mean=81.7 (%)
OR,Cs f 15.0 20.2 } 79 s.d.=4.6]
R,c, | 149 20.6 | 78 | range=75—88

Note R=Roller speed in RPM (I : 650: 2 : 850; 3 : 1050)

C=Counter-pressure setting in g/cm?® (1:49; 2:
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Table 4. Summary of Analysis of Variancz

COS‘:;%?;‘gpressure Roller speed Interaction Block
Axial pressure | *k N. S N. S N. S
Ra cial pressure *k N. S N. S N. S
Milling capacity ** *k N. S N. S
Milling efficiency ok * N.S *
rce recovery *ok N. S N. S N. S
Tempezrature rise N. S * N. S N. S
Grain Flow Rate N. S *x N.S N.S
Whiteness-meter index N. S N. S N. S { N. S
Note : ** ; Significant at 1% lzvel
* 1 at 5%
N.S : Not Significant
Table 5. Whiteness meter indices of milled ricz for different opsrational conditions
Roller speed (RPM)
650 | 850 1050 | Mean
[T 40.7 | 43.8 0.7 41.9
l 4.7 \ 4.3 4.9
Counter-pressure 67 40.9 41.2 40.1 " 41.1
settirg (g/m?) | 4.8 ‘ .5 4.2 i
85 42.5 41.1 40.5 I 41,1
42.9 t 39.7 40.1 ’
| Mean | 4.8 [ mn4 | £0.9 |
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Table 6. Head rice recovery for different operational conditions

Unit : %
Roller speed (RPM)
| 650 850 ’ 1050 | Mean
|49 83.75 83.26 ! 84.28 | 83.95
! | 83.06 84.27 | 85. 07
67| 84.13 83.85 | 83.98 83.71
Counter-pressure | | 82.85 83.00 | 84. 46
tt ' 2
setting (g/em®) ; 85 ! 79.32 80. 31 l 80. 84 81.33
‘\ | 81.26 81.83 | 84.43
‘ Mean 82. 40 82.75 | 83.84

= EoEtE A%e vEgled,

o) we} HEEAel Eobis] W Eez #adch
TSRS § R ¥y oed B IS
B 994

7ae=0.39 Pc—0.0035Pc*+73.1
(r*=0. [:%:{5) ERRRIRTERTRRRRL (10)
A7 npg=SER KR (%)
Pe=[fiM#H; (8/cm?)
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Table 7. Broken rice included in by-products

Unit : kg
Roller speed (RPM)
650 850 1050 Mean

49 | 0.28 0.19 0.27 0.24
0.24 0.23 0.22

67 0.27 0.25 0.19 0.26
Counter-pressure 'i 0.32 0.21 0.34

tti z | :

setting (g/em’) 85 | 0.25 0.21 0.24 0.25
§ 0. 42 0.21 0.15
Moan [ 0.30 0.22 ‘ 0.24

- /

,
Y=-0,0015X" + 0.39% + 73.10
e 0556

e
0 49

Counter—pressure setting (g/em™y

&

67 85

Fig. 13. Effect of counter-pressure setting.
on head riee recovery
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z
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Fig. 14. Relationship between head rice
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