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ABSTRACT

TITLE : STUDY OF PARAMETERS AFFECTINNG WEAR OF THE RICE-
POLISHING CYLINDER IN A SMALL RICE MILL

BY : THITIKAN BOONKANG

DEGREE : MASTER OF ENGINEERING

MAJOR : INDUSTRIAL ENGINEERING

CHAIR : ASST.PROF.SUKANGKANA LEE, Ph.D.

KEYWORDS : WEAR RATE / PARAMETER / RICE - POLISHING CYLINDER /
SMALL RICE MILL

This research is to study the parameters affecting wear of rice-polishing cylinder used in
small rice mill, In the present, the small rice mill is widely use in rural community due to the ease to
use and economy price. However, the rice-polishing cylinder has fast wear causing small stones fall off
and mix with rice. This affects the quality of rice.

In this experiment to test parameters separate 2 types are quantity parameter and quality
parameter, The quantity parameters are clearance between rubber and rice mill cylinder and velocity by
test with the rice-polishing cylinder generally used in the market is chosen to mill Kao Douk Mali
105 Rice. The level of clearance were 5 levels including 1.1, 1.3, 1.5, 1.7 and 1.9 mm. The level of
velocities was also 5 levels including 1,340, 1,380, 1,420, 1,460 and 1,500 rpm. Two Way ANOVA
was used for analysis. The results of statistic analysis at significant level O = 0.05 shown that the
clearance and the velocity have a significant affect to wear of the rice-polishing cylinder. The average
wear rate of 16.32 g/hr was obtained from a clearance of 1.1 mm with a velocity of 1,340 rpm. While
the average wear rate of 2.54 g/hr was obtained from a clearance of 1.9 mm with a velocity of 1,500
pm. Therefore, it was found that wear rate was inversely proportional with clearance and velocity. In
addition, the velocity parameter has stronger effect on wear rate than the clearance parameter.The
quality parameter is casting process type of the rice-polishing cylinder by test compare between the
rice-polishing cylinder which casting process by hand (Old Method) and the rice-polishing cylinder
which casting process by vertical machine (New Method). One Way ANOVA was used for analysis.
The results of statistic analysis at significant level 0 = 0.05 shown that the casting process type has a

significant affect to wear of the rice-polishing cylinder and average wear rate of the rice-polishing



cylinder which casting process by centrifugal machine has lower than the rice-polishing cylinder which
casting process by hand is 47.52%.

When three parameters are clearance, velocity and casting process type to test compare
with the wear rate. Balance ANOVA was used for analysis. The results of statistic analysis at
significant level 0L = 0.05 shown that three parameters have a significant affect to wear of the rice-
polishing cylinder. The velocity has maximum effect on wear rate is 32.21%. The casting process type

has second effect on wear rate is 8.03% and The clearance has minimum effect on wear rate is 6.99%.
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2.3.4 UUQYNAUIUIUDUMINGN (3- Horizontal Abrasive)
- o Y ] o o o - o/ d'l ° Yy
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carborundum (Silicon carbide) 11a2 corundum (Fused aluminum oxide) mnmhqq 1um§'aaﬁ V1MUY
msvaia g tazIuey lugammnisvuautlafiiouigaiiudadiy Auniniwes
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1] l 1 A : 1 1 4 1
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2.6.1 FHANIDADINAITFUAIUTINN

0 -

-}

dmsulan: lunsvudiousaneudrannlididasusinsvussganiedn
a' [} 9/ a ° Y : [} = o - Ayv
dieoyninvuianginizid luia udni iimgasenuiliudulnga Sundnuuzmsiaiion
. o P 1 < y [ & v ot
Gouging JagNaznuasmidnuselddeslinnuudmaiedumsimizvessymiauasiniie?
a4 v v o va 1wy 1+ & - & P
oA mumsuani1a Tanshtimnidmari 18ua mannduwanile (Manganese steel) 11039103
o . v A a . e q Ya & & P
A1Mil7 (Toughness) ABUN NG HAZIIOHIUNS¥ULIAA Hardening M IRAWAWUIDE M3 TN
da
nsonINAINal
2.6.2 siafAafinnuduga
a da - o o a o Y a
asnmsnAresiTagiusunzimzngasenuudunsite: i Iidamsdn
=3 ' 3 - o o o a = J o 1
w30 1don iru lumsvalasldgous Sanuduigaduiovesiaveslisguinainnuuias e
» ]
M3UA (Crushing strength) ¥B3gnuA vzt lduan uazfain msfinnsesiiafidanui 1« 298euay

“a J ]

d'd 9 - (] § - d' - o'o 4' - aAa M -
dos Atloymad lAnegszninma msdnnseinuluesitiana llillelieymayaniafe uiiw
o o o 1 - { a °_
dudadegnioldanuduning sefuuinuiiiamsiogy (Plastic zone) woanufudliadiia
' & o - . A -g o a o o ]
Amilafzifanisuandudna (Lateral cracking) uazilesoouan Ifstundnia fnmilesouunn
o o < o @ o Aat ¥ "o o Ve
fezngasonun Al 27 dmFusiiaii Inswafadunsueudanalnfezuandiaiu
oon'lyl 15y sgliinzifamsuansouveuinsunazinsungasen M Idegiivimusemsinnse

J (] - g -
wnduenseiild Tasaruqumsiiamsulilvnadauing e lidamsuanunsndi 1dlu

¥ » .
souApITMINNTUVINARaMaN msuandnuuziinufums Fanseridannududdoe
o Qs . d' a é‘ - o 9 a = A Y =
dwsvyluuumsdansendmatulugaiudadafiusianis#anseriiatifannudugaiann

mMshRIaBIRITAgAUIUNZIMIZNgABRNIN

...........................

ﬁﬂm'smﬁauﬁ/

v ¥
SOUUENMIUTN

fandrpliluiaadisenngnayniege
(Plastic groove)

X
RUWI

vinuideg (Plastic zone)
{Lateral crack)

amAl 2.7 $1983M5UANHNYDA Plastic Zone 1INMTYAVBIDIYMAVUAIITE (Evans .A.G, 1979)



19

2.6.3 wiafnananuAud n5o Erosion
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Low level setting = (1.414—1)1,500 + ( 1.414 + 1)1.260 = 1,295~ 1,300

2(1.4114)

High level setting = (1.414-1)1260 + (1,414 +1)1500 = 1,465~ 1,500

2(1.414)
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StdOrder RunOrder Clearance Velocity

1 1 1.1 1,340
57 2 1.3 1,380
33 3 1.3 1,420
19 4 1.7 1,460
40 5 1.5 1,500
21 6 1.9 1,340
50 7 1.9 1,500
8 8 1.3 1,420
69 9 1.7 1,460
63 10 1.5 1,420
66 11 1.9 1,340
41 12 1.9 1,340
55 13 1.1 1,500
52 14 1.1 1,380
23 73 1.9 1,420
47 74 1.9 1,380
18 75 1.7 1,420
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StdOrder RunOrder Process Type Clearance | Velocity
8 1 By Machine 2 1,500
20 2 By Hand 2 1,500
23 3 By Machine 2 1,260
15 4 By Machine 2 1,260
1 5 By Hand 1 1,260
4 6 By Hand 2 1,500
13 7 By Machine 1 1,260
21 8 By Machine 1 1,260
7 9 By Machine 2 1,260
17 10 By Hand 1 1,260
5 11 By Machine -1 1,260
12 12 By Hand 2 1,500
18 13 By Hand 1 1,500
19 14 By Hand 2 1,260
22 15 By Machine 1 1,500
10 16 By Hand 1 1,500
14 17 By Machine 1. 1,500
2 18 By Hand 1 1,500
11 19 By Hand 2 1,260
3 20 By Hand 2 1,260
9 21 By Hand 1 1,260
24 22 By Machine 2 1,500
6 23 By Machine 1 1,500
16 24 By Machine 2 1,500
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sgnwnfugaiiudemsdnnsovesgnitudadn Faldgniudadindontuiesmmanalllae
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TugUdauile Taoliszduvesildvluduvesssuzvisendneadugniu iflu 5 sedu 1un 11,

1.3, 1.5, 1.7 uag 1.9 mm uay szdvveannudsomiu s szduldud 1,340, 1,380, 1,420, 1,460

¥ )
ag 1,500 mpm usnninil Idviimsifudeyaludiunlesiduddinin dsznou iWednuiils
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[} F 4
A5 4.1 wamsyszuadamsdanse lunmsnaaeviledens 2 Jede

Source DF SS MS F P
-Clearance 4 636.00 159.001 185.31 0.000
Velocity 4 559.47 139.869 163.01 0.000
Error 66 56.23 0.858
Total 74 1252.11

$=0.9263 R-Sq=95.48% R-Sq(adj)=94.93%

RINEING
(1) DF (Degree of Freedom) : JLAVVDINNUDATE
(2) SS (Sum of Square) : WATIUMAINDI
(3) MS (Mean of Square) : ﬂ']mﬁuﬁﬁmm
@ F : amaaeulumsaaduleingninavesiledvnemsinivd iy
(5) P: ﬁawﬂﬁaurmqﬁgmﬁﬁ’ﬂ%'wiamsﬁﬁ’uﬁw’f&y

6) S : AsznumsussddsIUINATIIU
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(7) R-Sq : dulszAnuszaoumsdadulufefuainudeiuvedoya

(8) R-Sq(adj) : mivinnuduSsuivuifefuadeiuvesdoya

o ¢ 4 3 o o
AN 4.2 wansnensaitazauioluluminaaaunia 2 flody

Predictor Coef SE Coef T P

Constant 88.064 3.990 22.07 0.000
Clearance -10.1003 0.5495 -18.38 0.000
Velocity -0.046078 0.002747 -16.77 0.000

S=134506 R-Sq=89.6% R-Sq(adj)=89.3%

The regression equation : Wear Rate =88.1 —[(10.1 x Clearance) — (0.0461 x Velocity) ]...(4.1)

HINENE

(1) Coef (Cocfficients) : dulszAnicumsonnevysadoyailedy

(2) SECoef (Standard Error of the Coefficient) : manuamamasuvesdulszing
HUNTOANDY

o

@) T : msdadulmannnssinemsiiivd sy

@ P : FmamoumuAgTae Bdensiifudiy

ammsﬂazmawai’fay‘amnmsNﬁ 41 desvhminagevauyaguleeld  Two
Way ANOVA fiszduiiudify o0 =0.05 siuldiszusvinszuinsiugniiuuazanuiasoy
iaTinademsdnnsevesgnitudadinilosnndr p oundt a= 0.0s Waresiledu nzernms
Uszurananu NI R-Sq = 9548% R-Sq(adj) = 94.93% Taoialdudy  minAdananidl
dlszann 80% au'lY ugasimanisnaasaininiidedoannsatirlildde 1 14Minitab
Release 14, 2004) nazanmstszutanadeyamumisieii 42 Fuaawamsneinseifeyans
naasaazaNMEeiulumInareusy wudt ek imsing ey Regression 9z 1daunIsMa
ARIAPNEATR 4.1 UATWUII AIR-Sq = 89.6%  R-Sqladj) = 89.3% Taia'ld manardanan
Amlszuo 80% 3uly udroumsiiideeiinonindedie Tumsiinly 4o lU(Minitab Release 14,
2004) c?aﬂumimmﬁuﬁu{qmvfaz Posv szdunuamelunmsdsuanudsounazsvozvin

senanstugaiulumsifiniyamsdnnsevesgniiudadn
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Mean of Wear Rate (g/hr)
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25.4% —.— 11
16 " —— 1.3
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12+ >
: X%:Percent
20.4%
10- \ Broken Rice
8 25.6% N NN
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e SN VN203%
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Source DF SS MS F P
Process Type 1 57.395 57.395 419.89 0.000
Error 24 3.281 0.137
Total 25 60.676

$=0.3697 R-Sq=94.59% R-Sq(adj)=94.37%

Level N Mean StDev t

+
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Mean of Wear Rate (g/hr)
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Mean of Broken Rice (%)
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SAURIRALAZTITA AD 1 UAZ 2 mm UATIHAMINAADINIUTZNIANA 910 Minitab Release 14
luilefiHu Balance ANOVA wag Factorial Design ~ dmsumsfinuufSouiivudasimsfianse
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wonnini Idihmsifudeyaludiulesiduddainlssney Wednuidalszdniamvesgniu
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* v
a3 190 4.5 wamsUszuIaveIdasIMIAnnseInna 3 oy Tau Balance ANOVA

Source DF ss MS F P
Process Type 1 85.466 85.466 90.38 0.000
Clerance 1 60.834 60.834 64.33 0.000
Velocity 1 44.146 44.146 46.69 0.000
Clearance*Velocity 1 14.462 14.462 15.29 0.001
Error 19 17.966 0.946
Total 23 222.873

$=0.972408 R-Sq =91.94% R-Sq(adj)=90.24%
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AN 4.6 wam3UszuIavDalnteraction 9100 3 1199 TAu Factorial Design

Source DF Seq SS | AdjSS | Adj MS F P
Process Type 1 85.466 | 85.466 | 85.466 | 1492.64 | 0.000
Clearance 1 60.834 | 60.834 | 60.834 | 1062.44 | 0.000
Velocity 1 44146 | 44.146 | 44.146 | 771.00 0.000
Process Type * Clearance 1 16.056 | 16.056 | 16.056 280.41 0.000
Process Type * Velocity 1 0.408 0.408 0.408 7.13 0.017
Clearance * Velocity 1 14462 | 14.462 | 14.462 | 252.57 0.000
Process Type * Clearance * Velocity 1 14462 | 14.462 15.29 10.23 0.006
Error 16 | 0916 0916 0.057
Total 23 222.873

§$=0.239287 R-Sq =98.59% R-Sq(adj)=98.41%

HaNBITe)
(1) DF (Degree of Freedom) : FEAUVDIANNDATY
(2) Seq SS (Sequential sum of squares) : Naimﬁﬁmm‘luudazﬂfumau
(3) Adj SS (Adjusted sum of squares) : Wasaufdaaea lATnsysuud
(4) Adj MS (Adjusted Mean square) : Aunfumdsaesiiidinsysuudy
) F : amanovlumsdaduleningninavesiledudemsinivdyy
6) P : ﬁmﬂﬁauﬂuqﬁgmﬁéfl"fdamsﬁﬁuﬁﬁty
@ s : adszmamsvesddivauunasgu
(8) R-Sq : FulszAnidszneunsdadulufivfuanudeiuvetoyn
(9) R-Sq(adj) : ms'fnmm%uﬂ?Umﬁumﬁmﬁummx%ﬁwm%ya

(10) Process Type * Clearance : Process Type interaction Clearance
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nnmstlszuanadoyanmsieii 4.5 Wesnhimsnaaeuduydgiulagld Balance
ANOVA sziiu1d7 ﬂs:mmmnszuauﬁugﬂ TTUTNTIHINUNAGNAU 1azAE 5B UA
frndensms@onsevesgaitudadiailesnind p deunh o= 0.05 Faeuileds uoneiniins
Piuszesvnssninnsiugniivtesanuiseunugiuiinadensmsdnvsevesgaiudathn
ifios91nd P oundt =005 Wuiu nazenmslszudananuiian R-Sq =91.94% R-Sq(adj) =
9024% Taoalduds wandidenadaszuta 80% du'ly nanaiwanisnaasaiina
viedonnsoi Ty 19de 1118 Minitab Release 14, 2004) iaziifoiarsainisyszinanadoya
AMs1aR 4.6 TudIUved Interaction a3 Tefudamuirtinamioudu nd1fe Uszanves
nizmu‘t’jyugﬂ szuzesznienfugniy uazauiiseunalinaden1smsAnnsoveagniu
dadhiilesntndr P foundt 0= 005 Haawiledy uenaIntiludIuves Interaction W 3 Hlese
W11 Process Type * Clearance, Process Type * Velociiy, Clearance * Velocity {10 Process Type *
Clearance * Velocity Wuhiiinadems@nnsevesgnitusadia iitesnindt p feond a=0.0s Tav
1nMsUszaIaNadainy IR R-Sq = 98.59% R-Sq(adj) = 98.41% lauial1udy minsdanand
Mszanu 80% 4u'ly uashwansanesiniunindedorunsoinly14we 18 (Minitab
Release 14, 2004)
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wud JedudrdgnlinadenisTnvsounudag (Abmasive) luiaguay Ae dninavnininseade
ama luawddedanan lduuzih ndnunileduduqgninanminadeunniilszney riswnniledo
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dnaniiisninadingsuiudmivgniudadndaiuuiaguay uaz aszurumsiugliina
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flody Faag11491 edvanudrsoudiuilviondniilinadens dnnsevesgniiudadii dmsu
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AN 4.7 wamsdszuianlesiFuddinineinia 3 Jedulnu Balance ANOVA

Source DF SS MS F P
Process Type 1 126.50 126.50 447.20 0.000
Clerance 1 51.33 51.33 181.47 0.000
Velocity 1 258.07 258.07 912.32 0.000
Clerance*Velocity 1 0.02 0.02 0.07 0.791
Error 19 5.37 0.28
Total 23 441.30

§$=0.514590 R-Sq=97.87% R-Sq(adj)=97.64%
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1 v
15N 4.8 wamstszulavealnteraction 910Ma 3 93y Taw Factorial Design

Source DF Seq SS | AdjSS | Adj MS F P
Process Type 1 126.500 | 126.500 | 126.500 | 485.76 0.000
Clearance 1 51334 | 51.334 | 51334 | 197.12 0.000
Velocity 1 258.070 | 258.070 | 258.070 | 990.99 0.000
Process Type * Clearance 1 0.004 0.004 0.004 0.01 0.906
Proéess VTslpe * Velocity 1 1.084 1.084 1.084 4.16 0.05#
Clearance * Velocity 1 0.020 0.020 0.020 0.08 0.783
Process Type * Clearance * 1 0.120 0.120 0.120 0.46 0.506
Velocity
Error 16 4.167 4.167 0.260
Total 23 441.30

$=0.510310 R-Sq=99.06% R-Sq(adj)=98.64%

sinmsdszanadeyanunisni 47 doishimsnagevmaglasld Balance
ANOVA vztiuldd ﬂizmmmnizmufugﬂ, szozvnsznInefugniuarn s 150
safinadenlefiSudiininidosninm p ounh = 0.0s Famuiledy dmsumsiiuszozring
sendanefugniutazanuiiseunugiu LiinadenlesiSuddadionnd P mnnd
0= 0.05 (AT R-Sq = 97.87% R-Sqadj) = 97.64% Tatni21uudr mnmdananiimszu
80% 3ulY uamahwansmaneafinmmnindedoaunsainluidde 14 (Miniab Release 14,
2004) uazuaztﬂaﬁmsm1msﬂszmawai’fagamumsw?i 4.8 Tud w04 Interaction Wa 3 Tt
Suiinamieudu ndfe ﬂszmmmnszmui‘fugﬂ FTUTYNTTNINGNAUGNHU  Uay
s areumiinadentsms fnnsevesgniiudadiaiiosnind p foundt o= 0.0s Waauilede
v lud UV Interaction ﬁ"\i 3 Y1986 WU Process Type * Clearance, Process Type * Velocity,

Clearance * Velocity 11082 Process Type * Clearance * Velocity wm'f'hiﬁwmiamsf‘mma‘umgnﬁu
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dad12 ({19918 P 110031 0= 0.05 Tasninmsdszananadanuding R-Sq =99.06% R-Sq(adj)
™ V@ VoA 2 I3
= 98.64% Tauna1dudy minmidenantianszua 80% 4u'ld uansiinanisnaassiiniiu

vgedomusoi 1y 144e 1114 (Minitab Release 14, 2004)
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1.1 1,340 | 12.9,12.5,12.4 12.6 1,870 630 25.2
13 1,380 | 12.5,12.9,12.6 12.7 1,820 680 272
13 1,420 | 12.9,12.8,12.8 12.8 1,913 587 23.5
1.7 1,460 | 12.5,12.7,12.4 12.5 1,990 510 20.4
L5 1,500 | 12.8,12.9,12.8 12.8 2,040 460 18.4
1.9 1,340 12.9,12.8,12.9 12.9 1,865 635 25.4
1.9 1,500 | 12.5,12.6,12.6 12.6 1,813 687 21.5
13 1,420 | 12.8,12.9,12.8 12.8 2,043 457 18.3
1.7 1,460 | 12.3,12,126 12.3 1,980 520 20.8
1.5 1,820 | 12.6,12.7,12.7 12.7 2,143 357 14.3
1.9 1,340 | 12.9,12.8,12.9 12.9 1,858 642 25.7
1.9 1,340 | 12.6,12,12.3 123 1,858 642 25.7
1.1 1,500 12.6,11.7,11.9 12.1 1,822 678 271
1.1 1,380 12.6,12.5,12.6 12.6 1,815 685 27.4
1.5 1,380 12.9,12.8,12.8 12.8 2,040 460 18.4
1.3 1,380 12,12.1,12 12 1,935 565 22,6
1.1 1,460 | 12.4,12.5,12.4 124 1,870 630 25.2
1.5 1,340 | 12,122,123 12.2 2,090 410 16.4
1.7 1,380 | 125,123,124 123 1,942 558 223
1.7 1,500 | 12.7,12.5,12.4 12.5 1,948 552 2.1
1.9 1,460 12.7,12.7,12.8 12.7 1,865 635 254
1.9 1,500 | 12.5,12.6,12.6 12.6 1,810 690 27.6
1.9 1,340 12.6,12.7,12.7 12.7 1,995 505 20.2
1.3 1,500 12.8,12.9,12.9 12.9 1,945 555 22.2
13 1,340 12.6,12.5,12.6 12.6 1,995 505 20.2
1.9 1,380 | 129,12.7,12.9 12.8 1,810 690 27.6
1.1 1,500 | 12.8,12.8,12.6 12.7 1,813 687 27.5
1.9 1,500 | 12.6,12.5,12.6 12.6 1,808 692 21.7
1.9 1,460 | 12.9,12.5,12.4 12.6 1,855 645 25.8
1.5 1,460 | 12.5,12.9,12.6 12.7 2,088 412 16.5
1.1 1,340 | 12.5,12.7,12.4 12.5 1,868 632 25.3
1.7 1,420 | 12.9,12.4,12.9 12.8 2,045 455 18.2
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1.7 1,500 | 12.8,12.9,12.8 12.8 1,930 570 22.8
1.7 1,380 | 12.9,12.8,12.9 129 1,928 572 22.9
13 1,500 | 12.5,12.7,12.4 125 1,930 570 22.8
15 1,420 | 12.8,12.9,12.8 12.8 2,135 365 14.6
1.3 1,340 | 12.5,12.6,12.6 12.6 1,983 517 20.7
1.1 1,420 | 126,12.7,12.7 12.7 1,923 577 23.1
13 1,340 | 12.9,12.9,12.8 129 1,983 517 20.7
1.7 1,500 12.6,12,12.3 12.3 1,935 565 22.6
15 1,500 | 12.8,12.8,12.9 12.8 2,033 467 18.7
1.3 1,500 12.6,12.5,12.6 12.6 1,930 570 22.8
1.9 1,420 | 12.9,12.8,12.8 12.8 1,923 577 23.1
19 1,420 12.1,12,12 12 1,805 695 27.8
1.1 1,380 12.6,11.7,11.9 12.1 1,815 685 274
1.1 1,500 | 12.2,12,12.3 122 1,818 682 273
15 1,460 | 12.5,12.3,12.4 12.4 2,078 422 16.9
1.9 1,420 | 12.7,12.5,12.4 12.5 1,860 640 25.6
1.1 1,420 | 12.7,127,12.8 12.7 1,912 588 233
15 1,460 | 12.5,12.6,12.6 12.6 2,083 4175 16.7
1.9 1,420 | 12:6,12.7,12.7 127 1,868 632 25.3
1.5 1,380 12.9,12.8,12.9 129 2,033 467 18.7
1.1 1,380 12.6,12.5,12.6 12.6 1,795 705 28.2
1.1 460 12.9,12.7,12.9 12.9 1,865 635 254
1.5 1,500 12.8,12.8,12.6 12.7 2,040 460 18.4
1.5 1,340 | 12.5,12.6,12.6 12.6 2,083 417 16.7
1.9 1,340 | 12.9,12.9,12.8 12.9 1,985 515 20.6
1.7 1,420 | 12.7,12.6,12.7 12.7 2,035 465 18.6
1.1 1,340 | 12.5,12.7,12.4 12.5 1,858 642 25.7
1.1 1,460 | 12.9,12.4,12.9 12.8 1,853 647 25.9
1.1 1,420 | 12.7,12.6,12.7 12.7 1,918 582 23.3
1.5 1,420 | 12.9,12.9,12.8 12.9 2,135 365 14.6
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1.1 1,340 | 12.9,12.5,12.4 12.6 1,870 630 25.2
13 1,380 | 12.5,12.9,12.6 12.7 1,820 680 272
13 1,420 | 12.9,12.8,12.8 12.8 1,913 587 23.5
1.7 1,460 | 125,12.7,12.4 125 1,990 510 20.4
15 1,500 | 12.8,12.9,12.8 12.8 2,040 460 18.4
19 1,340 | 12.9,12.8,12.9 129 1,865 635 25.4
1.9 1,500 | 12.5,12.6,12.6 126 1,813 687 21.5
13 1,420 | 12.8,12.9,12.8 12.8 2,043 457 183
1.7 1,460 | 12.3,12,12.6 123 1,980 520 20.8
1.5 1,420 | 12.6,12.7,12.7 12.7 2,143 357 143
1.9 1,340 | 12.9,12.8,12.9 12.9 1,858 642 25.7
19 1,340 | 12.6,12,12.3 123 1,858 642 25.7
1.1 1,500 | 12.6,11.7,11.9 12.1 1,822 678 | 271
1.1 1,380 | 12.6,12.5,12.6 12.6 1,815 685 27.4
15 1,380 | 12.9,12.8,12.8 12.8 2,040 460 18.4
13 1,380 12,12.1,12 12 1,935 565 226
1.1 1,460 | 12.4,12.5,12.4 12.4 1,870 630 25.2
15 1,340 | 12,122,123 122 2,090 410 16.4
1.7 1,380 | 12.5,12.3,12.4 123 1,942 558 1 223
1.7 1,500 | 12.7,12.5,12.4 12.5 1,948 552 22.1
1.9 1,460 | 127,127,128 12.7 1,865 635 25.4
1.9 1,500 | 12.5,12.6,12.6 126 1,810 690 27.6
19 1,340 | 12.6,12.7,12.7 12.7 1,995 505 20.2
1.3 1,500 | 12.8,12.9,12.9 129 1,945 555 222
13 1,340 | 12.6,12.5,12.6 12.6 1,995 505 20.2
1.9 1,380 | 12.9,12.7,12.9 12.8 1,810 690 27.6
.1 1,500 | 12.8,12.8,12.6 12.7 1,813 687 27.5
1.9 1,500 | 12.6,12.5,12.6 12.6 1,808 692 21.7
1.9 1,460 | 12.9,12.5,12.4 126 1,855 645 25.8
1.5 1,460 | 12.5,12.9,12.6 12.7 2,088 412 16.5
1 1,340 | 125,127,124 12.5 1,868 632 25.3
1.7 1,420 | 12.9,12.4,12.9 12.8 2,045 455 182
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13 1,460 | 12.5,12.7,12.4 12.5 2,005 495 19.8
1.7 1,380 | 12.8,12.9,12.8 12.8 1,935 565 22.6
1.7 1,340 | 12.6,12.5,12.6 126 1,993 507 20.3
1.5 1,340 | 12.6,12.7,12.7 12.7 2,090 410 16.4
L5 1,380 | 12.9,12.8,12.9 12.9 2,033 467 18.7
13 1,460 | 12.6,12.3,12 12.3 1,995 505 20.2
1.3 1,460 12.7,12.7,12.6 12.7 1,978 522 20.9
1.7 1,460 | 12.6,12.6,12.5 126 1,985 515 20.6
13 1,380 | 12.9,12.8,12.8 12.8 1,938 562 225
13 1,420 | 12.6,12.7,12.7 12.7 2,030 470 18.8
1.9 1,420 | 12.5,12.7,12.4 12.5 1,868 632 25.3
1.9 1,380 | 12.5,12.6,12.6 12.6 1,800 700 28

1.7 1,420 | 125,12.3,12.4 12.4 2,048 452 18.1
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dszian | srezvina A P Wanadad | Wnadndn | wledidud
NITVIUMS | (mm) (rpm) $rnldennie (%) »3) Wvin
By Machine 2 1,500 12.3 1,713 787 314
By Hand 2 1,500 12.7 1,588 912 36.7
By Machine 2 1,260 12.6 1,863 637 25.5
By Machine 2 1,260 12.8 1,845 655 262
éy Hand 1 1,260 12.8 1,688 812 32,5
By Hand 2 1,500 12.9 1,570 930 37.2
By Machine 1 1;260 12.5 1,790 710 284
By Machine 1 1,260 12.7 1,788 712 28.5
By Machine 2 1,260 12.9 1,838 662 26.5
By Hand 1 1,260 12.5 1,670 830 332
By Machine 1 1,260 12.8 1,765 735 294
By Hand 2 1,500 12.3 1,563 937 375
By Hand 1 1,500 12.7 1,513 987 394
By Hand 2 1,260 12.9 1,763 737 29.6
By Machine 1 1,500 12.6 1,638 862 345
By Hand 1 1,500 12.8 1,495 1005 40.2
By Machine 1 1,500 12.1 1,620 880 35.2
By Hand 1 1,500 12.2 1,488 1012 40.4
By Hand 2 1,260 12.4 1,745 755 30.2
By Hand 2 1,260 12.7 1,738 762 304
By Hand | 1,260 12.9 1,663 837 33.6
By Machine 2 1,500 12.3 1,690 810 324
By Machine | 1,500 12.8 1,613 887 35.6
By Machine 2 1,500 129 1,688 812 322
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[y, —y)x100)/y,
[(x2 - xl)XIOO]/xl

Slope Average of Parameter :

vinmsdszinanadoyamunni 1.1 wuh Hedszezvinszninsnfugafiulinnim
3 ¥
UM 4 ¥ Al
(1) Slope Average of Clearance 1.1-1.3 : [(8.781 — 12.221)x1001/12.221 : -28.15% : -1.54

[( 1.3- 1.1)x100)/1.1 18.18%
(2) Slope Average of Clearance 1.3-1.5 : [(7.409 —8.781)x1001/8.781 : -15.62% : -1.02
[(1.5- 1.3)x100)/1.3 15.39%

(3) Slope Average of Clearance 1.5-1.7 : [(4.973 — 7.409)x1001/7.409 :-32.88% :-2.47
[(1.7- 1.5)x100)/1.5 13.33%

(4) Slope Average of Clearance 1.7-1.9 : [(4.025 ~ 4.973)x1001/4.973 :-19.06% : -1.62
{(1.9- 1.7)x100]/1.7 11.76%

AAUSURROT I : (154) + (1.02)+ (24T)+ (-162) : 665 : -1.663
4 4

dmiuilosoamnusoulimanuduia 4 92 deil
(1) Slope Average of Velocity 1340-1380 : [(8.801-12.135)x1001/12.135 : -27.47% : -9.19
[(1380-1340)x100)/1340 2.99%
(2) Slope Average of Velocity 1380-1420 : [(6.453 — 8.801)x1001/8.801 : -27.70% : -9.55
[(1420-1380)x100]/1380 2.90%

(3) Slope Average of Velocity 1420-1460 : [(5.017 — 6.453)x1001/6.453 : -22.25% : -7.89

[(1460-1420)x100]/1420 1.51%
(4) Slope Average of Velocity 1460-1500 : 1- x100)/5.071 :-4.12%: -1.51
[(1500-1460)x100]/1460 2.73%

fhﬂ'nm?'um?:m'm: (-9.19) + (-9.55)+ (-7.89)+ (-1.51) : -28.14 :-7.035
4 4
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3. Ham AUy

3.1 mansnareunsAnusevesgnitutadnitionFfulutesamaialyl Auiledeirinmadeudte anuds
seunazsTus T Ineniugniiu sunsoaglranumnnImaaesia dafl

3.1 mamsnifnadnlfenfisninmansumsdnnsevesgniiudadna wud Usinadnlden 25 kg du
qnm‘éuﬁuﬁfima‘lﬁé’nﬂmsulﬁmu11Jnui’1nﬁnmqnﬁu'\‘s’n'«’fnﬁfhmﬁ'lussﬁ'u 7 nfu dnfu 304 1 miw

nansafudnldentTum 25 kg Seanunsofinsannansmzlin 1 dszaeu

Weight Loss of Cylinder (g)

1 15 20 25 30 35 40 45 80

Quanlity of Rice Milled (kg )

namiplit 1 wemsnnudiniussanmsnfsumlaniminvesgniiudadnfulhinadanid

3.1.2 wamsfiurumsssauvesilssuningas (1) uaggas (2) AW Minitab HAZITHTUIAINANITOVE
inteadtilsznoudaonanie amudiseudigauasgegaite 1,260 pm uag 1500 pm 1A sTEIMRITMIN
veiugniuiimdigauazgagafe 1 mm uaz 2 mm szwuh $uszAuileivarnndiseudie 1,300 - 1,500 rpm
uazdnseavilitoszeevinsznnfugadivie 1.1 - 1.9 mm dnfu uisasssiuvesiledeludiuves
ssosvinsznhendugniiu dhe s seduldun 11,13, 15,17 1a2 1.9 mm uazeeszavvesnnudiseudhu s
seau'ldun 1,340, 1380, 1420, 14601aY 1,500 rpm

) ¥
3.1.3 wamsiszurateyanisnaaednin Minitabluiladsu ANOVA Two Way tumisnaaeu2 fled aguldaai

m1af 1 uamasamsdszalalumnaneutfode

Source DF SS MS F P
Clearance 4 741.31 185.328 221.68 0.000
Velocity 4 633.69 158.422 189.50 0.000
Error 50 55.18 0.836
Total 74 1430.15
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- t} 8 o [V
ATHN 2 utmmnnnn1mmnsmlmsﬂ11mi'ouu1umsmuouﬂwa

Predictor Coef SE Coef T P

Constant 93.219 4.387 21.25 0.000
Clearance -10.7937 0.6041 -17.86 0.000
Velocity -0.048882 0.003021 -16.18 0.000

The regression equation : Wear Rate = 93.2 - [ (10.8 x Clearance) — (0.0489 x Velocity) ]

S=1.47983 R-Sq=89.0% R-Sq(adj)=88.7%

Interaction Plot (data means) for Wear Rate
201 43.4% Clearance
- 1.1
—— 1.3
L g 1.5
o 15 0% 44.6% o
AS
§ 2055%\\
< AN 12(‘% 46.3% X% : Percent
s 48.5% . 50.3% .
£ 10] 32{% 22,50 ~ - ® |1 Broken Rice
. Wl N353%
3556%\\ ‘.“\. ~
T \%4_4% o, \\ o
| e
e g Doy LTI
39.3% T
T T T ERNES Fo )
1340 1380 1420 1460
Velocity. (rpm)

P v o d (v [ o P 1 ' (Y Py o
ﬂ‘ﬂﬂzllﬂ 2 llﬂﬂlﬂ'l1“‘““‘"Nﬁ‘llﬂ»l!)ﬂ'i'lﬂ?iaﬂ“iﬂﬂﬂﬂ'l1“(1110”“18&8"1018"‘1NUNOUQI\HN“'E%QU?\N‘]

Main Effects Plot (data means) for Wear Rate

Clearance (mm) Velocity (rpm)

13
124

(g/hr)

111

Mean of Wear Rate
©

¥

1.1

T T Y T Y

13 15 17 18 1340 1380 1420 1460 1500

naigit 3 uamsBnAnavestledunanniirevuarizuzvinszninaafugniiudednsiniaiinnie
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$ 4

3.2 wamstlszanndeyamsnanes 910 Minitab Tu #aidu ANOVA One Way itefinuufSoudioumsdnnse
- d 4 04 o - d 4 ' g 4 a '

vesgniiudindniinaedredeilennsiiluiesnmminlifugniiuiindedunssmdenissdaiiuitni  agl

¥
1&dail

-' . o &~ -
MM 3 utmammntls::ma'nw1mu1umsmawﬂwuom'dwum'uoq’mqn'u

SS Mean Size Target Power Actual Power Maximum Different
4.13856 23 0.9 0.902572 2.877
d‘ b o -~
M 4 uraamamadszanalumsnaeulleduoindssiamveatngiy
Source DF SS MS F P
Material Type 1 99.27 99.27 47.17 0.000
Error 45 94.71 2.10
Total 46 193.98
- - ' o
MIIN § utmmamsdwmanunasmmmummmummgm
Level N Mean St Dev
By Hand 23 5.895 1.615
By Machine 23 2,988 1.274
Time Series Plot of Waar Rﬁte
124 —.— :;:::; e
—&- Bymachine

Woear Rate

\.;‘A'iu sensana

T T 2

1520 2 .30

4p 45

najil 4 uomanmanfSoudieudannisfinniessningniiuiinaedsilenaznasdsindes
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4. m3dnnzHnamIon

4.1 ﬂ]ialﬂﬁ]b’ﬁﬂaﬂTi"ﬂﬂﬂiﬂ]ﬂﬂ]iﬂﬂﬁaﬂﬁa@ﬂﬂﬁﬂ

4.1 it 1 dlesmhnsnadeuduyAgulald ANOVA Two Way wwiulddrszuzreszniieenady
aniiutazadseuAniinarenisdnusevesgnitudadruitesnindr p deuni a= 005 aaeatledy uay
VINMINd 2 udsamsmsneInseideyamsmanssazarmideiiunmanoutleiy Fomudr devins
31F315¥ Regression 93 Idaunismandiasians tozwyds A1 R-Sq =89.0% R-Sq(adj) = 88.7% Tawia'l maneh
fananlszing 80-90% udadunsiteeimunivdedelumsirluiddely

412 wvnnswglit 2 szt 1&ileszurresenieunefugait 1.1 mm tazanu§aseu 1,340 mpm i
SasimsAnusogeganin 18.75 hr uazfiszosvinsgnieenefugniiu 1.9 mm wazamudasey 1,500 mpm v
tﬁwé’m1n1sﬁnwsqw‘§1qﬂla§:u 2.54 g/hr a"aﬁy'uwn‘«'u'lé"im11uﬁ'uv7u{u046'ns1n1sﬁnusaﬁuszusﬁmswha
swfugniutazaudseudnmunlsnnfufundnite ileszuzvieszninsniugninlesuazanuidisey
M Emmwannsauzlﬁmfuqq Tumansatud tﬂaszuzﬁm:ﬁwi‘wtmr‘m’uqnﬁumnuazmmﬁ"ﬁauqq 831
msdnnsezioons SeedrelsianndeRnsanlesiudiininlszneusziu i issesvistnaoedy
U 1.5 mm uszdummndmnqezinledidusdiinindodgadl 253% Feiwandnuanadiiiud
UszAninmmsdaduesgniudai ldouduliesiivss@niam

413 vinns gt 3 ezwuh fefszezvinsenihanfugnitulinadesasimsdnusaannniiiledoanuisa
sou nande aioszorvnszninendmnmsunded 224 Fannnd Jeseileiernudasentisaamdu

¥
[
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- a d = < a o Y
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Yz ingidn

e Fanud yayuda

duFamsfnusziuisouduii lsaFoudyozusamsy
v.quan1w51 Tudl w.e.2530
f?n%'fnmsﬁny1szﬁuﬁﬁuuﬂawﬁTsaﬁumﬁtyi}znznmsw
v.Quanw51H Tudl w.e.2533
dudemisfnumiSyanimnssumaastaudin mviaanssy
QATIMMS NAUMIIMIBBINEATMaaT Tl w2537
dudamsAnumiFagnuimsgsfeumdudia i mssanms
RATMIVNTIN 910 Intertucural Open University , Netherland
Tt w.m2541

AmnsAnaauTin Seidai Kasei Tull w.91.2537 - 2538
ArnsthonIuguAAIN U5EN Mitsubishi Elevator Asia 113
WH2538-2541

AnsrhuivyseiugunIn u5Hm Mitsubishi Elevator Asia
Tl w.a.2541 - 2545

dmihiidaeiumsiS aasimnssumans iminnde
Quas il Tull w.er.2545 - flegiiu
miwmivmumsIssuazyims auzdmnssumans uniInedy
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