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Suttiporn Niamhom 2008: Development of Betel Nut Husking Machine. Doctor of
Philosophy (Postharvest Technology), Major Field: Postharvest Technology,
Interdisciplinary Graduate Program. Thesis Advisor: Professor Bundit Jarimopas,

D.Sc. 74 pages.

The research was to a) determine physical and mechanical properties of dry betel nut and
b) develop a prototype betel nut husking machine. Methodology comprised of a) determination of
moisture, dimension, weight, rupture forces of dry betel nut and b) design, construct, test and
evaluate a prototype betel nut husking machine. Design concept was that husking was obtained by
tearing out the husk of the dry nut fruit with different dynamic friction forces existing on the
opposite sides of the nut under the normal pressure. The prototype featured hopper feeding dry
betel nut fruit, husking mechanism and power drive. The husking mechanism was composed of
two rubber tires hinged under and adjacently parallel to the sieve which made of steel rods. In
operation, betel nut fruit was fed into the space between running tire surface and the sieve surface
of the husking mechanism. Because of different friction forces at the contacts between fruit
surface and sieve surface, and fruit surface and tire surface, shearing occurred to crack the fruit
husk at the first tire. Husk and nut were further separated by rehusking at the second tire. Results
showed that a) The moisture, dimension and weight of dry betel nut fruit decreased with respect
to, sun drying time. Their associated relationship could be expressed by regression models. The
rupture force of dry betel nut and fruit increased with the drying time. b) the proper machine
conditions were characterized by tire pressure of 138 KPa, tire speed of 440 rpm, spacing between
the tire surface and the sieve surface of 15 mm, c) the proper betel nut fruit moisture content was
6.31% whb. Performance test of the prototype based on the optimum settings revealed that husking
mixed size fruit could produce the full nut of 64.4%, the broken nut of 15.2%, the unhusked fruit

0f 20.5% at the production efficiency of 76.9%.
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4 dlad

Time Length(mm) Max. Diameter(mm) Min Diameter (mm)

(weeks) Small Medium Large Small Medium Large Small Medium Large

0 Mean 4631 45.01 4959 4426 47.06 50.01 4338 4640 49.18
CV(%) 5.86 4.36 6.92 3.71 3.09 2.85 3.50 2.93 2.93

Max. 52.63 49.29 55.02 4796 4945 5401 4683 49.14 53.26

Min. 40.10 3943 4139 3931 43.14 4649 39.07 4291 4637

1 Mean 4594 4474 4859 38.24 41.11 4496 37.21 40.11 43.74
CV(%) 5.90 4.29 7.22 4.57 4.82 3.91 4.39 4.93 3.67

Max. 51.00 49.60 5591 4459 46.01 5098 4141 4513 47.75

Min. 38.59 39.64 38.54 3359 3486 41.64 3279 3340 3998

2 Mean 46.07 4491 4880 3732 3995 43.66 36.28 38.79 42.60
CV(%) 5.80 4.52 7.58 443 4.70 3.57 4.81 5.30 3.53

Max. 50.97 49.70 55.82 41.85 4428 47.82 40.79 4391 47.15

Min. 38.22 3840 39.00 3248 34.71 39.79 3157 3343 39.19

3 Mean 46.00 44.87 4842 37.13 39.57 4323 36.12 38.53 4226
CV(%) 5.68 4.73 7.64 4.61 4.90 4.04 4.84 5.22 3.85

Max. 51.00 49.53 55.78 4235 44.64 4752 39.61 4359 46.60

Min. 38.12  39.12 40.01 31.89 3433 3958 3132 3277 38.29

4 Mean 46.04 4495 4854 3754 3998 4347 3648 3891 4244
CV(%) 5.79 4.76 7.77 440 4.70 3.79 4.74 5.21 3.86

Max. 50.93 49.53 5491 4259 44.08 4756 41.04 4340 47.20

Min. 38.25 38.41 38.14 32.15 3423 3921 31.81 33.03 374l
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Time Length(mm) Max. Diameter(mm) Min Diameter (mm)

(weeks) Small Medium Large Small Medium Large Small Medium Large

0 Mean 4582 4475 5120 4425  47.02  49.95 4341 4633  49.22
CV(%) 6.73 5.01 5.95 3.49 3.38 3.03 3.39 3.30 2.77

Max. 50.55 52.85 5651 4794 50.18 53.86 46.72 49.64 52.66

Min. 3557 40.03 4279  40.19 43.07 4699 39.07 41.92 45.87

1 Mean 4596 4411 5037 3943 41.70 4593 3829 40.60 44.74
CV(%) 7.01 5.26 7.31 4.60 4.56 3.67 4.26 4.29 3.54

Max. 50.27 51.81 5556 4349 4560 5138 42.09 4484 51.00

Min. 3485 39.05 41.18 3516 3647 4231 3420 36.07 41.21

2 Mean 4585 4443 5061 3751 39.60 43.19 36.64 38.53 42.19
CV(%) 741 5.59 6.71 4.01 5.19 3.68 4.15 5.29 3.55

Max. 50.78 5247 56.65 4241 4453 4686 41.15 4386 46.70

Min. 34.04 3899 41.09 3394 3581 39.72 3298 3511 39.24

3 Mean 4577  44.05 5037 3742 39.65 4323 3640 3848 42.07
CV(%) 7.3 6.46 6.77 4.06 5.47 3.76 4.20 5.39 3.79

Max. 5048 52.32  56.18 41.89 4531 4752 4143 4437 4726

Min. 33.87 36.58 40.87 3397 3571 39.71 3291 3502 38.84

4 Mean 46.05 44.65 5039 38.02 40.05 4334 36.88 3898 42.25
CV(%) 741 5.84 6.68 4.02 5.31 3.57 431 5.61 3.52

Max. 50.60 52.15 5592 4245 46.09 4737 42,16 4505 46.54

Min. 3395 3887 41.07 3444 36.02 4072 3321 3528 39.07
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Quasi-static compression test
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] dy A d 3 A d? A g’ v o J J o
HUWHUVD AU WA UYD IV UN VYU Lummﬂmmﬂ"lﬂ ANUFUNUTISHIN F, nUNA
I a g = Y 2 I 1 1
lﬂuﬁilﬂ’lﬁ!“]ﬁlﬁusll@\inﬂ"llu']ﬂ[}\la Glf\'illﬂfﬂ r VONAEN NAN Llagiﬁiy 1NN 0.98 , 0.94 LIag

0.97 AR (NMWA 14)

] =) 7 A Q' dzl o 2 d‘d
MueuAgINULIINANlan F, aMuaud msusannnniszeznaainuaa (t) Ui
d?’ =\ v o 3 I a =1 £ Y 2 <3
Ju anuduiusduaumaduIndludsavesnunana ¥31da1 r vewa@n nag uaz
] [ o @ H I~ 1 1 Y]
vy 110N 0.65, 0.63 waz 0.98 awaIAy (M 15) ¢ Tuvwaan taznaeiia ligain

p1toN9n Ared1en g lumsnaassioanuly Mldimeannumlsdsiuga
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) WANNINUN V) LNAAHUINUNI
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MNA 12 HANUINLAZINAANINN Llﬁjiﬂ’lﬂiéfﬂﬁﬂﬂﬁmﬂm‘u Flat Plate Contact Loading
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N, HANNINUAA ¥, AANUIN
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11U Flat Plate Contact Loading 1UUUIAIRINAUAING



AMNANRUSUBIUTINALULT AVNINALTZEZIIAANUAR
3000
Fro = 254.50t + 776.63
2500 ) Fan = 277.65t +382.25
R =0974 "
2
. R'=09404
x 2000 - I
w
2
s
S 1500 Frs = 256.27t + 219.58
s 2
< A R =0.9783
2 7 s u, -’
1000 Pis i ¢ small,S
P-° " medium,M
large, L
500 Fadu (large, L)
— — Fudu (medium, M)
- - = - Fadu (small, S)
0
2 3 4 5 6 7 8 9 10
FLEULIRN (weeks) ; t

4 o o o < Y o
ﬂTINﬁ 14 ﬂ??nﬁﬂwu‘ﬁﬂlﬂﬂllix‘lﬂﬂﬂumﬁﬂﬂiﬂﬂ!lfﬂ\‘lﬂ‘ﬂigElgl'Jﬁ'l‘luﬂ'lﬁG]'lﬂlmﬂ

ANMNANNUEYDILSINALULLABNUNINALTELLLIRBNNLAR

160
Fr, = 44.754Ln(0) + 58.04
140 - ,
R =0.9841 .
120 | === Ty =35.994Ln() + 58.516
u
100 1 R’ =0626
= o -
= e e e
I3 - -
= 80 1 el .
g | a8 = 26.550Ln() + 41.006
7 60
= P 2
R =0.6494 ®  small,S
40 4 " medium,M
large, L
AaN"37M (large, L)
= = a8n131N (medium, M)
207 - = - -@an13nu (small, S)
0
2 3 4 5 6 7 8

FEeLLINT (weeks) ; t

3 o o o Y o
cﬂTINﬁ 15 ﬂ'J’]iJleIWU‘ﬁGU@QLﬁ\‘lﬂﬂﬂulﬂaﬂﬂﬂlfl\iNaﬂu’]ﬂll‘ﬂQﬂﬂigﬂgﬂa'l‘luﬂ'liﬁ'lﬂllﬂﬂ



a < A A IS o o
AN 8 l!i\?ﬂﬂll@ﬂm'ﬁ]\uﬂa@]Vill’lﬂllaglﬂa@ﬂﬂ@]’lﬂllﬂﬂlﬂuigﬂgﬂa’l 2-7 aﬂ@n‘ﬂ
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Time Rupture point of kernel (N.) Rupture point of husk (N.)
(weeks) Small Medium Large Small Medium Large
2 Mean 825 1073 1340 55 76 86
CV (%) 28.06 10.22 32.98 48.53 15.00 48.36
Max. 1220 1200 1820 100 90 150
Min. 670 1010 950 35 60 50
3 Mean 950 1083 1425 66 94 110
CV (%) 36.93 57.52 3091 55.52 78.39 45.15
Max. 1340 1800 1890 125 220 170
Min. 660 670 830 30 50 50
4 Mean 1169 1354 1884 89 124 122
CV (%) 53.15 54.65 23.94 22.45 28.41 32.87
Max. 1895 2535 2435 112 165 172
Min. 385 500 997 60 82 65
5 Mean 1458 1902 2012 92 128 131
CV (%) 33.03 41.39 34.50 49.77 46.95 43.60
Max. 2080 2715 2720 155 200 217
Min. 777 487 602 20 25 50
7 Mean 2077 2328 2569 82 113 142
CV (%) 35.73 45.90 43.19 48.60 48.32 38.82
Max. 3047 3382 4427 162 200 217
Min. 965 1080 1272 35 50 70

f'n?i‘I"i1ﬂ’J13~l°§‘HﬂlﬂQNﬁﬁN1ﬂﬁ!ﬁN1$ﬁNﬁUﬂ1iﬂ%!ﬂ1$NﬁﬁN1ﬂ!§Qﬂﬁ

<3 1 g [ Aa a { A
Table 9 uaaalffiuNANUFUINAADUTLANTMNMITNZIMLN p<0.05. BIALAANA

] I s a a g
winn Tz inua Tdunag Idnlesisudmanay (PF) uazilsz@ninmmsnan (PS) gaiu

Y A & Vo Ay ' ° Y (A
NITNSIMTHANUINUAINUANVYUNINUHTOUBENIT  6.31% wb mmmﬂﬂmﬂaaﬂuaz
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@ P o .
AravRINaIINUAn Idanalszina 12% 910 5 09 7 dlaniimsainuaa (Niamhom
. A A =2 a A = Y A dy
and Jarimopas, 2005). envandelseaninmmsdeniaenmanunuiananuiu 6.31%
o e v el ¢ g - ! PR 2 2
AUANNTY 5.45%, vz IdlodiduamaaminnangInd 4% osiduamaanuinuaninuau
e P-4 A ' o q Y1 P ¢ a =
1.7% uatnlosisudananuinien lusonanas 6% ildaulessudmnananad 0.5% &9
Y
[ 1 1 v o w Aaa 1 [ Jd o w
linanawediivedngneaia vazezdonarlumsmnuaatiooninnegesdla auiu
Y v 1
ANVFUNINZAUAD 6.31% wb. FITOAAADINUIIPNUUDY Balasubramanian and Panwar
A dy 9 ~ Bldd' =
(1986) NNANNFUVDIHANUINURINIZNZINE TAATIgARITIIA1 5-6% wb.

a & Ao a a A
AN 9 Nﬁﬂli’)\iﬂ'ﬂll‘lfuﬂlmi’)ﬂﬁ ﬁVI‘ﬁﬂTWﬂ”Iﬁ‘]J@ﬂL‘]Jﬁ’EJﬂ‘HEﬂﬂ

ee

L’]JE){L‘%;HGT losiFud losiFud losiFud losiFud
ANUFY WAaA wAaLAn on'lioon MIKAA
(Yewb) (PF) (PB) (PU) (PS**)

12.67 *13.0043.80" 7.67+3.84" 79.33+6.93° 53.82+1.45°
9.88 24.67+5.58 " 7.67£5.22° 67.67+9.40 * 59.6542.42°
7.57 38.6745.19 ° 5.3343.61" 56.00+6.41 ° 67.47+2.85°
6.31 54.67+6.60 ° 8.00£2.17° 37.33+6.08 74.53+3.67 °
5.78 56.67+5.40 ° 9.67+3.80 33.6742.47"° 74.95+3.95 ¢
5.45 50.67+7.13 ¢ 6.3342.98 43.00+5.45 " 73.11+4.36 °

* Means in the same column with different letters are significantly different at p<0.05

** Fyll score = 100

MIMVMAVBINANIINUHA IUAZYDIINITZHINAZUNIINVAIARENITIHINZ AN

VUAUAZFDIINTLHINALUNTINVAIdReNTNAdRY Tz anTnmmsdonvuinn

v Y ¥ [ v
p<0.05. (A135199 10-13). A MTUMIAITLHLHINTLHINALUATINUAIADE19AINTSe) 1B
2 = ' o q ¥ s 2 @ Yy & & 2 224
YaveIHanIININHaaniaralvg vz ldlesidudnisdon ldmamaugadiu Naihilu

% 1

v @ |- 1 1 < o >
!W51$WaﬁilTﬂllﬁ}\imuwﬂiﬂiyﬂﬂﬂﬁﬂﬁliﬂﬁxsﬂﬂlluuﬂﬂcﬁﬂﬂﬂzlﬂﬂlghlﬁaﬂﬁWWﬁﬂluﬁlﬂlﬁﬂ ANUUAN
1 ' < =t - Y
PF ‘1]@\3WaﬂllTﬂ’sl]u']ﬂslﬂﬂluNﬂTQQﬂquﬂqwamuqﬂLaﬂ (119190 10) Lﬂﬂil%uﬁﬂTiﬂﬂﬂllﬂlﬁJaﬂ
] a 4 [ 0911 ' 1 v A {
L@quq@LﬂﬂﬁuﬂUWﬁﬂJHWQﬂa’]\‘illﬁg@]\‘ligﬂgﬁ'Nﬁgﬁj'mﬁzuf]i\TﬂUW'Jélli’)ﬁé)f’]mQﬁ 15

A a 1 1 ' < 1 A o
UaaLluAg ﬂ’]ﬂWﬁfﬂi'ﬂﬂa'ﬂ\illﬁagsﬁﬂﬂjqﬂﬂglﬁuqﬁﬁﬁlﬂ'ﬁLWN%H1@T@QWaﬁN1ﬂﬂ$ﬂ11ﬁ)
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J < 4 [l A = <3 Y1 A ] ' Y [

nesiduanison lieenanas (M3 12)  Feezmiulanszesresinadosuananiin
1 v o oa Y 0 q YN ¥ s 3 o ' y_ A

yuralngaznszFunuridesanazazunsai i ldulesiguanisden lusendesiiqa

v Y S A A . ' o q Y ¥ - ’
asanuduiuravaanieliresisialug vz ln ldnlesisudnisdeon lieenuin
Ngamsizranun linszFuiuAIdosazAzINg e 1INHANINAABINTO9I19 20 Haatuas

<] 1 v v a Y ° Y < 3 14 ' =
Haviaan nszFuiuezunswazivesdenin dnlesidudnisien lusengan 42.7%.
o 7@ o A < ~ s @ Y a
dmsunlesisudrunuaniiu (1151990 11) rannavinaanziinlesifudmsuantiosiine
[ ' s 3 4 A g o [ v A
6% Tunna ¥09919 naznlesisudmsuanaziuily 12.7 % dimsusavinanaiaas Inajiiie
9 1 1 Aa a =] ] o dgl A 9 1 [
l909919v119 15 tag 20 Hadwas wazszinlesisuanunuangavuunie 145097319 10
a a @ 1 ~ A a = J 3 4
Nadwas furannvaluguazna 7127.33% uag 29.33% HonWasangdalosisua
H ) k4
MIKAA PS (M15197 13) 3z ldmgegaiionsmszezying 15 Haawas uazldiunavuinuuia
Tvgjuazvuianars flddnsandensanuinvuanandagiinnigalunanaaaiu
a A FVR) 1 Aa A I A 9 1

s3sumALazaen FT0eevIng 15 Haawanilumimimnzaylumsnageudose 1)

a ' ' v a9 A 3 o Y
M13190 10 Wﬁﬂl@ﬁmuTﬂLlagﬁgﬂg‘ViN'i%‘l’i’J"l\W]gllﬂiﬁﬂ°1JW’Jﬁ@ﬂNVIN@]@Lﬂ@imﬁ!@]ﬂ"ﬁﬂ’ﬂﬂklﬂ

g 4
waaey (PF)

VU9 SLYLHNTTUINALUNTINUAIAD81S (mm)
10 15 20
Halan %58.00+1.39" 56.67+1.18" 51.3343.20"
NaNANa 61.33+2.17° 73.00+1.39° 68.67+3.61 "
walng 66.00+3.03 76.332.74" 72.00+1.39°

* Means in the same column with different letters are significantly different at p<0.05

4‘ 1 1 v a 9 A S <2 s
M195719N 11 Waﬂl@ﬁmu"lﬂllagigﬂgﬁNﬁgﬂ’J']\nglLﬂi\?ﬂ‘]_IW'JaﬂEJ"I\TVIN@]ﬂlﬂﬂil“ﬁu@lluaﬂuﬁﬂ(PB)

YU FLYLHNTTUINALUNTINUAIADE1Y (mm)
10 15 20
HaLan %6.00+0.91" 6.00£0.91 " 6.00£0.91"
nana1g 29.33+2.53° 13.00+0.74° 12.67+0.91"
walvg 27.3340.91° 12.67+1.49" 12.67+1.49°

* Means in the same column with different letters are significantly different at p<<0.05
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d’ ] 1 v a 9 A S 3 4
M1919N 12 Wﬁﬂlﬁ]ﬂmu’]@uﬁ%ﬁgﬂ$W1\“]5$W']’]\3C°’]3Ll,ﬂi\‘]ﬂUN'Ja'E]EJ’I\WHJG]E]ﬂJE]iLGﬁuG]‘]J@ﬂ

liieen(ru)
VU9 FLYTHNTZHINASUNTINUAIA0819 (mm)
10 15 20
Halan *36.001.90° 37.3341.90° 42.67+3.03"
Hana 9.33+0.91° 14.00+1.49°¢ 18.67+3.80°
o lvigy 6.67+2.64" 11.00+1.49° 15.3342.47°

* Means in the same column with different letters are significantly different at p<0.05

4‘ ] 1 v a 9 A S 3 4 a
M3197 13 HAUDIVUIALAL LU NTEHINAZUATINUAIN 08NN IR0 S IFUANTHAN (PS)

YU FELYTHNTEHINALUNTINVAIA0819 (mm)
10 15 20
HaLan #76.90+0.67 © 76.23+0.45° 73.5741.74°
Hana1g 70.40+£1.94° 81.95+0.77°" 79.90+1.81°
walng 73.43+1.71° 83.73+1.86" 81.57+0.64

* Means in the same column with different letters are significantly different at p<<0.05
ms14umé’uaumauaz‘seum&mmé’amaﬁmmzt’m

a3 Y o AAa A [ A v o W 1 J 2 4
ANITITDVVDIADE1 (s) UAZUIIAUANIN (p) VONTHARINU T AyADI DT IEUA
< < { { <

mstenldennunnldwaannndy (PF) #i p<0.05 (135199 14-17). mstlenldmaanuin
3 < o I Y a A a <3 <3 <= 1 I
wuwangs a9 19 ladszansammssaagenn mazwasnn@uwaaisaganiuuan

A a A 1 <3 Y A A ) <3 dg’
HINNUANNIN  HNITANNLARZANINSITOUVVDIN081 (M5 19N 14) e lFaneaudsvue
0o q Y0 Y /2 7 < L o4 A A qw 1 0 q ¥
Md ldesisudmannuna@y PF untu fefienailesniniuile Idauenauievu szl
v 9 ~ A A dgl A A A 1 o a3
#gVAIURIAWAT LI AN UADNHUINMINVUMY  HAZIIBNTINNUADZUTIAUANEIIN
< vy A qu < 4 v /2 v I < 2 v
wiiulan e ldanusigaue: lanlesidudmsen lawdanunaunniualidqe
A ] I A A A Y 2 A
MTIEMINNIoUHYUYoIaRs AT umsiuus lumseulaenrunnlvunnuua #

FOUMIHYYU 440 F0UADMIN HAZUTIAUANENTZHIN 69 D9 276 nlathama vzld
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< 4 FY <3 <= Y o 1 = o A A [ d?
nlosiFuamston ldudannnduialndmeaty ualuvmz@ernudomuns a1y
o ol < 2 2 { i &
wemlinlesiFudaninnuanmuduanainlddre  @swn 15 msldaveranudaezily
<3 1 z { [ ] A
awnq Iiwaanuniudannaunsouanld nszaziuitaazusIuaNeNMSIANToUNs
< A < I o 9 A a (] 1 dd?l
vyunaziulesidudmsuandle enasanlurieuessoumsvyu 440 souaeuriaul
o A 2 v sl < d ¥y A A ~
uazusuanen 69 nlamamaiull v ldnlesidudmaamnnuanilosngane 11.7% 0
FOUMIHYU 440 30UAOUIN LAz 138 N laviania

A <

' o A a = -4 ' ~ P
NANULTITOUNT ] DU Lll@Wfl]'lm']ﬂ\u‘]J@ﬂ“]fu@ﬂ'lﬁ‘lJE)ﬂlliJ@E)ﬂ (MMM 16) L1La"

'
0 v I3

' A A [ o Y J < J 1 ' A o
Wun  iemunseauaneazi Iilesisuanmsden lusenanasedniiiediyi  p<0.05.
<3 o a A 1 a a a 1
HAZAMMISITO UMY UIDZITIAUVDIADE NI BN T NadpszAnEmmskHan  PS  Bd1dl
@ o o A A 4 o I Yo Y1 = =
WedAyh p<0.05. (M350 17) Favzhld lad lsgeganinlaan Ps gaiga Nsoumsnyu
440 soUARMIN LAzUIIAUANEN 138 Nlawiama 214 PS iy 82.08 Tuvmenduy
Y g o3| a 1 [ % 1 1 @ (=
useauanenVuidy 207 Alawaara a1 PS iy 81.85 &9az liuananuediall
WodhAYNINaDa - F9910MINAaeIA T IvUaNe 1 IFazinuaudemgaganusEnnaneg
4 H
Tasmualinld lumy 276 Alamama duiuinsanguarnadsldnuswuanes 138
a @ ' v < 1 ~ < @ (%
nlavama sxaeaseniwazldinnuEisen 440 souaewi wiflumsdsgndandsanu

1 <
HINNIANULITITOUGN

4 { 4 { <
TagagdudatoulunegldinToenzimemanmndununimmnzauae  anusasou

29819 440 rpm, UTIAUANEI 138 KPa LAZILELH1TLHINA0IUAZATUNTININY 15 mm.

v
A

- g o 72 Yy 2 &
M1919N 14 wammmmgimazmmuanmmmmﬂmwuﬁmiﬂ'e')ﬂllmnamm (PF)

< @
AULSD U UANYN (KPa)

(rpm) 0 69 138 207 276

320 #26.00+£1.90°  42.0042.47°  51.33+2.17° 55.0042.64""  57.33+4.50°"
370 26.6742.64°  5433+435°  59.00£325™  60.00+2.64"  62.33+0.91"
440 28.00£3.61°  66.0046.30™  72.33+2.53™ 74.67£2.98"  73.67+1.39™
508 36.00£5.08°  6533+2.17"  69.67+2.17""  69.67+2.17""  71.33+1.39™
645 41.0042.79¢  66.67£1.67™  70.67+1.90™  70.33+4.15"™  73.00+£1.39™

* Means with different letters are significantly different at p<0.05
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a < o JRp /2 ¢ d
fM1919N 15 Wﬁﬂl@\?ﬂ'ﬂllﬁ'Jlmgl,ﬁ\‘lﬂuﬁllEJ'I\TVISJ@E]L'IJ'EJ?L%H@LNQ@LMT\ (PB)

I @
1711137 1SIAUANYY (KPa)
(rpm) 0 69 138 207 276
320 *4.6741.39°  10.00£2.64%  11.00£1.49%"  11.33+1.39™  21.67+4.25"
370 500+1.18°  14.33+1.90“® 13.0042.17°°"  12.00£1.39™"  23.33+1.67"
440 533+3.61°  1533+5.70°%  11.67x1.18""  15.67+1.90®  22.00+0.75"
508 8.6742.17°  16.0041.90®  15.6741.90%  20.67+1.90"  23.67+1.83"
645 1433+1.49%%  17.0041.39%  16.33+2.17%  24.33+3.65  22.67+2.79"
* Means with different letters are significantly different at p<0.05
~ < o Aa P '
M990 16 WAvYeIANUIS WazIIwUaNgnlaslesiFudmsenlisen (PU)
< @
A5 1399 UANENI (KPa)
(rpm) 0 69 138 207 276
320 %690.33+3.25'  48.00£2.98'  37.67£1.49'  33.67+3.61"  21.00£0.91"
370 68.33+3.73"  31.33+4.62%  28.00£5.06°  28.00+2.74°  14.33+1.49%
440 66.67£6.67"  18.67+5.32  16.00£1.90“  9.6742.17" 4.33+1.49°
508 553347.11°  18.6742.17°  14.6742.74°  9.67+1.39" 5.00+1.18"
645 44674247 1633£1.39%  13.0043.42%  533£2.74% 4.33+1.49°
* Means with different letters are significantly different at p<0.05
d‘ <3 Y] A S 3 4 a
M1519N 17 HavUDIAUS AL IAHaNeNNael oI FUanISHan (PS)
< @
AU U UANYNN (KPa)
(rpm) 0 69 138 207 276
320 %6137+0.52°  67.50£1.76 ©  71.82+1.51 %  73.53+1.12%°"  71.08+3.72 ¢
370 61.58£0.97 % 72154231 74.95+1.19®  75.80+1.49™  73.00+0.89 “
440 62.13£129 % 77.63+4.65  82.08+1.58'  81.85+2.01"  79.13+0.78"
508 64.97+1.88 "  77.07£1.50% 79354133 ™  77.60+1.66%"  77.38+1.25%"
645 65.48+1.70 % 77.38+1.19™™  79.6240.95™  76.65+3.16"  78.57+1.66"

* Means with different letters are significantly different at p<0.05
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a A a J 4 a [ Y { o
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U

1 = = A A a 1 " Y
WUNIAN 60% Ununnuan Uszanm 4.5% uaziivannnlaendauiudenlilddszua 5%

Y
Tasimiin

mseh 18 NaﬂTiﬂﬂﬁﬂﬂlﬂ%@ﬂﬂ@ﬂﬂﬁﬂﬂﬁﬂ?ﬂﬁlﬂNﬁ‘ﬁN]ﬂLL‘]J‘]Jﬂﬁg"Uu1ﬂLL‘]J‘]J§]IE’JLﬁ@\1

S IS 4 I 4 =] 4 = 4

VUIA 1o I UA 1o I UA 1WosIHua 1WosIrua
LG WAauAn Yon'lyjeon MIKAA
(PF) (PB) (PU) (PS**)

AAZUUIA 64.36+3.22 15.15+0.96 20.49+2.35 76.87+1.93

a d a a a
Nﬁlﬂ1i'Jlﬂ513?i!!ﬁ%ﬂﬁ%!uuﬂﬁ!‘lﬁ!ﬁﬁyﬁﬁ1ﬁﬂ‘g?ﬁﬂlﬂﬁiﬂJ

ninminaaeunIestlenidonuuin ldussnulumsdinau 2 au aunsaden
laenvunldmaaninmas 110 x 0.64 = 70.64 nlansw/aaTug Tagldwdeau i 1
Aladadaedalug womrualildiuasosiuaz 8 ¥ lusdaz 120 Ju ezl

[ Y ) a [ A A A Y v dy
mlgoelunisiiau (‘]JWl/ﬂIaﬂ'ill) LLﬂ%i%EJSﬁL’JaTﬂuﬂuﬂlﬂﬂm’iﬂﬁﬂﬂﬂlﬂﬁ@ﬂ‘lﬁiﬂﬂﬂ]lﬂﬂﬂu
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a d - Al FZAl o
wam3azvinazdszmiumlyaglumsiau
) ~ X
1. AUNUMAIN (Fixed Cost)

1.1 AudeuIIAT (Depreciation, DP) AAANTONIIAT (DP)  LLUY Straight-line

method DP = (P — S)/L Tagsimveuniosilentldonuin (P) iy 25,000 11 yam1an

] [}
~ A

A 4 2 4 A
ﬁummimmaﬁuﬂm 10 1480 10% UDIT1AUATON

4
v v 1

ANUY yjammﬂm’?m (S) =(10/100)x25,000=2,500 LN
ANTDNIIA (DP) = (25,000-2,500)/10 = 2,250 YN

dy =) 1A . a =
1.2 aonensenndelond (Interest on investment) AanudeTona I = P+

S)/2 x i/100 Tasfsniualisaaenidosiol (i) LAY 4% a0

Sy AudoTomaded) = (25,000+2,500)/2 x 4/100 = 550 VN

samdununsiined) (Fixed cost) = Audousim OP) + andsTomalumsasu ()
= 2,250 + 550 = 2,800 1NAO1)

2. AunuAunls (Variable cost)

2.1 A111395011 (Repair and maintenance) AAmasszaIaiuag 10 VM 11U

120 J1 ANJIFITIYI = 10 x 120 = 1,200 VG0l

22 m'lvih Wuewes Il ududusids Funlaeslni 1 AladaddTug a1l
wiaeaz 3 U Ju 13 e 120 51 Suaz 8 21w Aadlua Il 1 x 3 x 8 x 120 =

2,880 11N/
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23 ﬂl'l%}NLLiNm é’mwm%’nuimui’uaz 200 V1N 1UIU 2 AU NI 120 TU

AanTluAIT IR 200 x 2 x 120 = 48,000 VINA)

sWAUNUAUILT= 1,200 + 2,880 + 48,000 = 52,080 UN/1)

a 9 9 A A 9 A o 9 o
Aadunulumsldnuaiowlennlaonvuin Tassaudunuasntudunuiunls

110 2,800 + 52,080 = 54,880 V1N/1)

al¥a1elunisiau wm/alansy) veunieslenldennuin Niinsien

= d' = 1 7 Q'I o a o A Q'/
wasnnun maslu 13 mov 960 Falue anuasalunsningeu 70.64 Alansuaos 19

22 1AIMAY 54,880/(70.64 x 960) = 0.81 VINGDN lansy

a d a
NE’If'n5'J!ﬂi131’“!@131]53!311!5%83!3@15“741&

= tﬂ' tﬂl o QIJ o = Ql d?’ [
JTYTINTAUNUVDUNTDIVCAAN et ud lwhauaethnuannay dsaaslu

a13190 19 11w 13 ensariianld 960 $1Tue Sudlenaldennuinn lansuag 3 1 m

= = " v =
5]81158EJSL’Jﬁﬂuﬂﬁﬂuﬂuﬁ]SWHﬂU 0.17

a a A A A
A1319N 19 ﬂ']ﬁﬂﬂﬁzﬂgﬂ'ﬁﬂunumﬂ\uﬂﬁ@Qﬂﬂﬂlﬂa@ﬂﬁnqﬂ

#2 T apniil Aunu dunu  wadszlewd  madszlewd  szezna

N s 39 fild5y an’d

(¥.3.4)) (WAl (wnA) (WAl (WAl WAl ah
360 550 19,530 20,080 76,291.2 56,211.2 0.44
480 550 26,040 26,590 101,721.6 75,131.6 0.33
600 550 32,550 33,100 127,152.0 94,052.0 0.27
720 550 39,060 39,610 152,582.4 112,972.4 0.22
840 550 45,570 46,120 178,012.8 131,892.8 0.19
960 550 52,080 52,630 203,443.2 150,813.2 0.17
1080 550 58,590 59,140 228,873.6 169,733.6 0.15
1200 550 65,100 65,650 254,304.0 188,654.0 0.13
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Y @ A 1 1 o Y 1 1Y
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watlse Teanin 1850 Ansndasiadielumsdenldenvuin gauiinda Tus
o 1 A
MInauaell

v 9

4 a A v 1 S Yo
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a
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a d a YV Y
wamsdnzrisazdsz@umslyaugunu
9 Y 1 Y A o v 9 1 Y o
M3 lFnugunu = A lda1enan / (Bas1a1919 — arlsaelumsiign)
A ld91en391 = 2,800 VINe0I)

gasimanlunsdenaaonniuin Tasldussanuaulumsdenldenvann mifu 3
1aen lansy 1WSsumeunsasimsniinuveauniesenaonuuin 70.64 0 lansu/s Tuq

22 180a51a18 1900952 Tua 11 3 x 70.64 = 211.92 U NaF2 Tug

1 9 ) Y d‘ 1T @ 1 a 1 = =} d' [

aldaelumsiinudienseuninu 0.81  vmaen lansy lssuiieundnsinig
#1191 70.64 dlansuaad1Tug 9z laa 14916 1un159 191110 0.81 x 70.64 = 57.22 VINAD
¥ 19

[ og/’ 9 9y
wiu myldauquny =2,800/(211.92-57.22)
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814 440 rpm, UFIAUANETT 138 KPa 1% 5202H1V04ADINAUAZINTI 15 Uaawas Feez1v
A a o ¢ v 2 < 4 o o vy g
Uszansmumanzmedadl n) lanlesiFudmaaninnduuan 64.4% ) lamaanuinuan
=\ ~ [l =\ - 4 a [
15.2% a) Uwanunnlenluson 20.5% uay 9) HesIEUANITHAMNINY 76.9%. G150
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A A 21 g9 9 = %
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MIWINN 1 Msaaszvanuulssivveslessudmsien ldwaady (PF)
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Source DF Sum of Square  Mean Square F Value Pr>F
Treatment 24 29663.230 1235.968 133.698 .000%*
PRESSURE 20 23411.492 1170.575 126.624 .000**
RPM 0 .000

PRESSURE*RPM 0 .000

Error 100 924.450 9.244

Corrected Total 124 30587.680

CVv 6.37

** = gignificant at 1% level; * = significant at 5% level; ns = not significant

e PRESSURE = LLiQﬁHﬁMﬂJ@\?é}ﬂﬂN, RPM = i’E]Uﬂ'IiWHHﬂJ’EN%E]EJN

d‘ o 1 J 3 J I an a
MITIHHINN 2 miingmﬂﬂqmmgﬂaiwummwummn (PF) 1873 Duncan

13N

au
KPa

501
YU

rpm

N

Subset

1

10 11 12 13 14

S O O O O

138
69
207
276
138
207
276
69
69
69
207
138
207
138
276
138
276
276
207

320
370
440
508
645
320
320
370
320
320
370
370
370
508
440
645
508
508
645
645
508
440
645
440
440
Sig.

LK L L O D D U b b b b b b D b b b b b b D D e v O

26.00
26.67
28.00

332

36.00
41.00
42.00
51.33
54.33 54.33
55.00 55.00 55.00
57.33 57.33 57.33
59.00 59.00 59.00
60.00 60.00
62.33 62.33
65.33 65.33
66.00 66.00 66.00
66.67 66.67 66.67
69.67 69.67 69.67
69.67 69.67 69.67
70.33 70.33 70.33
70.67 70.67 70.67
71.33 71.33
72.33 72.33
73.00 73.00
73.67 73.67
74.67
1.00 .604 .074 104 .074 518 .084 .065 .078 .053

.144 051 .195
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~ =~ ¢ /3 o &
MINNHNUINN 3 ﬂﬁ’JLﬂ51Z1’iﬂ’J13JLL‘]Ji1]5’Jumﬂﬂlﬂﬂil“ﬁumﬂﬁﬂﬂﬂ’lﬂuﬁﬂ (PB)

Source DF Sum of Square  Mean Square F Value Pr>F
Treatment 24 4217.693 175.737 30.183 .000**
PRESSURE 20 3392.032 169.602 29.130 .000**
RPM 0 .000

PRESSURE*RPM 0 .000

Error 100 582.232 5.822

Corrected Total 124 4799.924

(9% 16.07

** = significant at 1% level; * = significant at 5% level; ns = not significant

1Ly PRESSURE = LLN@THQN"U’EN%@EIN, RPM = ia‘umiwuummﬁama

a o ! s3I an a
MINNNUINN 4 ﬂTimlluﬂﬂ’qNﬂlﬂﬂLﬂﬂiL“BuﬁLNﬁﬂﬂNTﬂLMﬂ (PB) 19835 Duncan

59 39U N Subset
U Myu
KPa rpm 1 2 3 4 5 6 7 8 9

0 320
0 370
0 440
0 508
69 320
138 320
207 320
138 440
207 370
138 370
0 645
69 370
69 440
138 508
207 440
69 508
138 645
69 645
207 508
276 320
276 440
276 645
276 370

8.67
10.00 10.00
11.00 11.00 11.00
11.33 11.33 11.33
11.67 11.67 11.67
12.00 12.00 12.00 12.00
13.00 13.00 13.00 13.00
14.33 14.33 14.33 14.33
14.33 14.33 14.33 14.33
15.33 15.33 15.33
15.67 15.67
15.67 15.67
16.00 16.00
16.33 16.33
17.00
20.67
21.67 21.67
22.00 22.00
22.67 22.67
23.33 23.33
276 508 23.67 23.67
207 645 24.33
Sig. .684 .057 .088 .061 .053 .064 .142 .088 .131

DN L O D D D b D b b D i b b b b b b b b b b b b
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4 a e s o '
MINWUINA 5 MIuaTzaNnuulslsiuves)esisuansienliesn (PU)

Source DF Sum of Square  Mean Square F Value Pr>F
Treatment 24 51535.040 2147.293 188.355 .000%*
PRESSURE 20 40720.027 2036.001 178.593 .000**
RPM 0 .000

PRESSURE*RPM 0 .000

Error 100 1140.025 11.400

Corrected Total 124 52675.065

CVv 4.85

** = gignificant at 1% level; * = significant at 5% level; ns = not significant

WNEIHA PRESSURE = U153AUANUDIADEN, RPM = 50UMSHY U030

d‘ o 1 J 3 4 ] ax a
Mm3ewuInil 6 Msswunnguuealesisuamsilenliosn (PU) Tae3T Duncan

501
My

13N N

Al

Subset

KPa rpm

1 2 3

10 11 12

276
276
276
207
207
207
138
276
138
138
69
69
69
276
138
207
69

440
645
508
645
508
440
645
370
508
440
645
440
508
320
370
370
370
207 320
138 320
0 645
320
508
440
370
320
Sig.

LN L L i O D b b b b b b e D D b b b b b D D e v O

= el el=]

433
433
5.00
5.33 5.33

9.67 9.67

9.67 9.67

13.00 13.00

676 .057 .144

14.33 14.33
14.67 14.67
16.00 16.00
16.33 16.33

.170

18.67 18.67
18.67 18.67
21.00
28.00
28.00
31.33 31.33
33.67 33.67
37.67
44.67
48.00
55.33
66.67
68.33
69.33
122 1.00 .243

.078 308 .144 277 .064
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~ a e s o a
MSIWHINHA 7 mMsaasieranuelsisiuveatlesisuanisnaa (PS)

Source DF Sum of Square  Mean Square F Value Pr>F
Treatment 24 4842.997 201.792 55.045 .000%*
PRESSURE 20 3832.999 191.650 52.278 .000%*
RPM 0 .000

PRESSURE*RPM 0 .000

Error 100 366.595 3.666

Corrected Total 124 5209.592

Cv 15.43

** = gignificant at 1% level; * = significant at 5% level; ns = not significant

WNEIHA PRESSURE = U153AUANUDIADEN, RPM = 50UMSHY U030

d‘ o 1 J 3 4 a an a
MINWIINN 8 MIdwunnguouesiduansnaa (PS) 1A% Duncan

13y 99U N

AU 1YY
KPa rpm 1 2 3 4 5 6 7 8 9 10 11 12

320 5 61.37
370 5 61.58
440 5 6213
508 5 64.97
645 5 65.48 65.48
69 320 5 67.50
276 320 5 71.08
138 320 5 71.82
69 370 5 72.15
276 370 5 73.00 73.00
207 320 5 73.53 73.53 73.53
138 370 5 74.95 74.95 74.95
207 370 5 75.80 75.80 75.80
5
5
5
5
5
5
5
5
5
5
5
5

(= el e ==

207 645 76.65 76.65 76.65

69 508 77.07 77.07 77.07 77.07

69 645 77.38 77.38 77.38 77.38

276 508 77.38 77.38 77.38 77.38

207 508 77.60 77.60 77.60 77.60

69 440 77.63 77.63 77.63 77.63

276 645 78.57 78.57 78.57

276 440 79.13 79.13

138 508 79.35 79.35 79.35

138 645 79.62 79.62 79.62

207 440 81.85 81.85

138 440 82.08
Sig. 555 671 .099 .073 132 .079 .060 .052 .061 .077 .053 .056
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