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Narumon Boonkrachang 2012: Dried Betel Nut Husking Machine with Horizontal Wheel.
Doctor of Engineering (Agricultural Engineering), Major Field: Agricultural Engineering,
Department of Agricultural Engineering. Thesis Advisor: Assistant Professor

Sivaluk Pathaveerat, Ph.D. 161 pages.

This research was to a) determine the physical and mechanical properties of solar drying of
fully mature betel nut, b) construct the dried betel nut husking machine with horizontal wheel and
also ¢) study on engineering economics. The results of the physical and mechanical properties of
betel nut shown, on the 6" of drying period, the betel nut fruit and kernel have been sphere in shape.
Although, theirs dimensions were changed by the drying period. The other properties of the fruit
and kernel (value in parentheses) were the average weight of 12.39 (8.73) g, average moisture
content of 11.57 (11.28)% (w.b.), bulk density of 0.23 (1.45) g/cm3, apparent density of 0.39 (2.61)
g/cm3, the coefficient of static friction on rubber and steel surfaces of 0.57 (0.72) and 0.45 (0.49),
respectively, the highest rupture force of 1.54 (2.53) kN, the highest deformation at rupture point of
23.05 (2.21) mm, the highest energy at rupture point of 4.57 (2.09) N-m, and the force and

deformation ratio at rupture point of 0.25 (1.56) N/m.

The husking machine was determined the husking efficiency, the husking quality and the
machine capacity. The results of testing husking machine with 2 horizontal wheels (Model I) shown
the moisture content of fruit were 13.21% (w.b.) to 7% (w.b.) that were high husking capacity. The
Model I yielded husking efficiency of 90% from whole fruit, the whole kernel of 60% from the
husked whole fruit, the machine capacity for produce whole kernel of 102 kg/h, and the energy
consumption of 29.38 kg/kW-h. The dried betel nut husking machine with horizontal wheel (Model
II) was constructed for reduce the disadvantages of the Model I. It was convenient and safe. Model
II was husking efficiency of 69.16% from whole fruit, the whole kernel of 96.42% from the husked
dried whole fruit, the machine capacity for produce whole kernel of 61.05 kg/h, and the energy
consumption of 42.24 kg/kW-h. It has been produce 2,704 kg of whole kernel of a year to be at

break event point.

Student’s signature Thesis Advisor’s signature
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1.1 ¥auagivin

1 J o 9 ] 4 [

FUAAVNUINUAAZUYUIA IAVUIA LT UAIUFUINAWNYAN (Dmax) IYSERNIN] (Dmm) uae
< 9 an = Ia 4
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= 4 2 o 9 4 o 9 =
agedn £0.01 mm Lla$°]5\3u'l°l’iuﬂﬂﬂﬁllﬂﬁ@\iﬂf\‘]hle\I'l ANNALLBIA +0.01 g (Ohaus, ARC120, USA)

1% 1 ] (% ] 1 I

ll,a%@@ﬁ?ﬁ']u(’llﬂﬂlﬁjuW'lufjufj’ﬂﬁ'l\ﬂ’iaﬂ LﬁuN’luf‘fHé’ﬂﬁW\ﬁ@\‘l ﬂ'ﬁ'liJgQ LASUID TSUINIYAfALLAS

NAYUIN AUFNNITN (10)-(13)
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R = 10
max major diameter of fruit (10)

R __ minor diameter of kernel an
oL, minor diameter of fruit

height of kernel
R, = A ! , (12)
height of fruit

mass of kernel

R = 13
maeg mass of fruit (13)
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1.2 31/919

' J 1 I o
sUs19v0IHANNINIAAIRIBA1 Sphericity (D) WSomAuTunsanay Tasduimain

AuM3N (14) (Mohsenin, 1986) Harunm lFlumsinauaaslunini 31

1
_ (h XDpaxXDmin) /3

D= - (14)
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<~
Dmax —
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(Mmui—myr)+(Mmgi—mgr)
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My = =X % 100 (16)
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1.5 AMUHUIUY

ANV 52O URIE AWMU (Bulk density, Pp, g/em’) LAZADIN
WUUU5Ing (Apparent density, P, g/em’) ANUHWWUUTINVOITAGNUTI YOG lUMBU T
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(Ratio of rupture force and deformation at rupture point, R F/D> N/m) Taelds Lﬂém UTM
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< g ™ P < a A
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HUANY LAZANYNUAY AWNTNA 33
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Universal Testing Machine #1UN1ATIIUNTNATDY ASAE S368.3 DEC99 (ASAE, 2000) Wattae
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| :
ieviann (Priesn) wldon (Pryir)
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wnnnuda (Pyr)  wouan (Ppy)

AUNINNITNSINIG

MAUN 34 LAUNINNITAALEANNIN

ALEUNNA 32 AINTaMUIUAINIE Taauaunshi (23) Ba (28)

Mynhusk (Kg) x 100

nlesidudvinnazimz lisen (B, %)= (23)
un mpryuit (kg)
wesisudnunnnzimizeon (Prysked- % = 100 — Pynnusk (24)
A mp(k
wlesidudnldonmnn (Ppyi, %) = k) 100 (25)

mp+my(kg)

wodiduditonin (Prresh. %) = 100 — Ppyp; (26)
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k
s 7 mbk(kg)
wlesikuavunuan (Ppr, %) = ———— X 100 28
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Mynhusk 10 ¥I@vesnuniinzime lioen, kg

A o d’ﬂl 9
MEryit A WiananuNiaruan ldnaang, ke
my Ao wiavestlaenvunnnzimz 14, ke
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NITNNIU (MP) AUBIAY AFUMITN (29) 1ag (30) wonnUugsululseansnnms 1y
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mr(k
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: mg (kg)
aussaugmsnau (Mp, kgh = —— 30
(Mp, kg/h) T (h) (30)
s a o mg (k

dszansnmlumsldwasan (Mg, kgkw-h) = k (k9) (1)

T (h)xPower (kW)

mp Ao wiaveraruIni lsmadoy, ke
A < [
Mg AD VIAVDAVAANNINHAINININIE, kg

v Y
T a0 nanlFlumsnzmenunuaazasa, h
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Power fae naanunldszninamsngime, kw
3.3 199N ONINAAONITNINUVUATOINLINL

] Y
1. 1n3eenzmzmnnuiany 2 devyuluuuiszaunaaeusninavesnnuiu lagly
~ dy I o A dy ° 1 1
RUINUVUIANAN NANNUTU 9.17 1ag 13.20% (w.b) AUAWNUHINNNUANUFUANN HagganI
o w < [ o
10%(w.b) aua1ALl Llﬁgﬁl‘%}ﬂ31ﬂliﬂéjﬂﬂNﬂ$m1$ 35¢A1 10.10, 12.19 1ag 16.29 m/s NINIT
%} g’; 1 1 d 1 o .
NAADY 3 4 IﬂfﬁflQﬂ'@\iﬁﬂu’NQLLWHﬂTTI/lﬂﬁ’E)\HL‘U‘UQﬁJﬁiJ‘Uuiﬂ‘! FNVLU VLN NABIT YA (factorial

with CRD) ttaz 1% DMRT lumsdaunaainiaann

A ' g ¥ A ~ Y o H = o
2. iesnnrInauLaNs nazHa Iailu 2 uuy Ao wanas waznauuilu duindeh
MINATBUIATOINZIMEHIINURIUD 2 doriyuluuuiszauiiosnndninavesglitma
@ A Aaa A 1 o 1 I 1 = [ I
nun tazanvazilaonnioninanemsmaun uusnmsnaaowili 2 @y fe aauusndums
Y
o I 1
MruanuruveuIn lunaaowuilu 7.88 +2.46%(w.b.) Tasnfiouieugilsrsvesnninnays
Y A Aq ¥ d [ ~ o 1 ~ @
waznauuiu (nwn 35) uazrunn s ununviia g aaun 2 Mnsnaaousu@eIny
1 ] 7 1
i 1 ualasuanusuvesninnlnaanseans 3.48+ 1.01%(w.b.) anbazlaen 2 uuy fe
A Y < [ v 2 d o ~ 1A tﬂy = J A
laonuranda Wiy F9udumnuueIninNaINog1ea 919N UUNUBNUA H30a1NLaAA I
o I A Ay @ zil ? v A A & g Y
nNa1na1Iu tazinulunainanau wedeosnuanurunnihinig uazilasnuudadludumu
A dy a 12 <3 A A 1 Aa A =
YoInuInfioaInUUnuAY taz lulimsnulunainaisau nsexenlduan iwaeniisesuan
g £ A~ @ 1 ' A A 1 gd @
s deTlumanuinizguaiedisiieats (M 36) vl lumsnadeudiuiilianyue
<3 1
nanuilu anuBiseuvesdenzime 4 52AY 9.32, 11.18, 13.05 1ag 14.91 m/s IHHuAvUIARA
Y
@ ] [ g [
TAsNIADIAIUNHUNITNAADWVVFUANYI 0 TINNVLVVLUNNABITEA (factorial with CRD)
uaz 1y DMRT lumsdanaaineana Iasliaunsanuduanens 20 psi 528255 I9a08191AY

AZUNTINYIMEAIN 20 mm TLELTSHINFALUATIANUUY 25.95 mm AI1UAN 22.62 mm
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nungdinauuiiu

U

A A Fopd, i A Y I
nlasniy 1naonunava

d‘ @ A Y
MWN 36 anpuzao NN 2 LD

A ] ) ™
3.4 1A304NZIMEHUINUARALU AR YU THIUITZAL
o o 1 9 [ <3 [ 9 ]
mmsnaaeulutliteaisy 1dun anusisov 4 szau 1dun 600, 700, 800, 850 rpm

Be9v03nT AU TN 3 52U 15, 25, 1AL 35° ANUAUANEN 3 T2AY 25, 30 LAY 35

A 1 1 Y 1% < o
psi TLYLTHNIEUINADYNUATAZUNTINSINIG 3 TZAUVVUIARANNINVUIAEAN (S) MNITNANDY

1 4 o %’ 4 1
LU factorial experimental (4x3x3x3) ti@azidou lun1snaaeei 3 41 oAl
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a A v
4., MsfSaueunIensIMLHIINUTG 2 HUY

mmsnlSeufeunsoanzmzrinurany 2 deuvyulunusgay nunuudonyu

Tunwaszan Tudmvesanuamnsalumsnzime (Prysked.%) Hosaunmmsnzime

(Pflesh: PWk uay Pbk’ %)
a J da
S. MIUATNCHNUATHIATAIININITN

A 9 1 9 A o a Y A . Y
ﬂ1iwmﬁm1mmﬂuﬂﬂumﬂﬂmumim%ﬂﬁ NATTUTIAUNUAIN (Fixed cost) HAZAUNU

fuals (Variable Cost) tazi/suaraunamisnldveaninasns

Y

= Y A ) = A
ﬂunuﬂiﬂﬂ‘i$ﬂﬂﬂﬂﬁﬂ AUTDNIIALUVUTUATI AFUNITN (32) mmﬂamﬁiumiamu
d’ [P a d’ = a = Yo dy o
DU ﬁ'lﬂthﬁJ‘Eﬁﬂ%’t’JUEﬂLlﬁﬂ‘iJm&‘]J %ZWm3fl!1ﬂ1ﬂﬂ1ﬁlﬁﬂj’ﬂﬂWﬁﬁluﬂﬁ‘lﬂﬁ‘Uﬂ@ﬂL‘UEJﬂ'lﬂfﬂil.l']
a Al o 2 < ~ a A A
Nuhl‘lJFhﬂ‘ﬁuW]ﬁ Glleﬂ‘iﬂluE]ﬂﬂﬂ’é]ﬂL‘]JEJGIE]'ULWIHL‘]JH'J'WEHJL!UULGNMEJ’J AINAUNITN (33) (Hunt,

c;yJ = s A a I 9 zi’ A o o ~
1973) uaﬂmﬂuumummyiimau Iﬂﬂﬂﬂlﬂuiﬂﬂﬁ% 1 YT WLTNFDIATDIVINT AITUNITN

Y A

[ gﬁ o Y =
(34) ﬂﬂuu@ﬁunuﬂﬁﬂﬁnJ’]'iﬂWu']mhlﬂﬂ']ﬂﬁﬂJﬂTi‘Vl (35)

P-S
D=—— (32)
L
d‘ A 1 d‘ d‘ 7 ~
e D Ao ANABUIINIVBUATBITNT, VINA
A g d‘ [
P AD I1MUTNFBIATDIINT, 1IN
) | Y
S Ao yamanAIeeInsiiedueigns 1vau iy 0. 1P (Hunt, 1973), 1w
L Ao 01gM3 15911, 3
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I = (P+S)i (33)
2

I Ao Ameeuununldsuiionsuszezal 1 Yveamshniay, unAal

[ Ao 8AT1ADNILIY, %

Tax = 0.01P (34)

Tax de amilsaseusieil, uvinAl

FC=D+1+Tax (35)
FC a0 ﬁ’unumﬁ, 1Al

5.2 Aunuiils

9 Y a X A 9 A Y 9 R o a g 9
@unuwuuﬂi Lﬂﬂsuum@immmim%ﬂi ﬂigﬂﬂﬂﬂﬁﬂﬂWﬁﬂNUW?\j Atlusovas RRIRN]

j’ 1 { 1 [ 3 Ty @ o
I WIAYOABT) (AuMIN (36) AWTINU (LC) uaza Wi (EC) Yuognud Tuamsihaumay

ANUAII0 luMsIhauveunseetns aumsaunuiuulsuaasluaumsi 37)

R&M = 0.03P (36)
R&M #de mﬂwgq%’ﬂmméaﬁﬂi, 1Al

VC = R&M + LC + EC (37)
VC  fo dunudumls, vmAl
LC  #» awsanu, 1Al

EC #s awmdanu, v1nAl
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C=FC+VC

Y
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¥
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Y

! Y ' 1 an ° Y < 1 o '
ﬂ1§1\1ﬁ 3 9T 1FIUTEHINUALASUINUNVDINAAADNAV NN l,l,azaﬂyngﬂﬁwmwmmz

<] 1 1 o
mawmﬂimmazmmmmmmazﬁﬂmﬁmmmimﬂum

. Dimension ratio (K/F) Sphericity (%)
e ek max R min R h Rmass fruit kernel
0 0.77 0.76  0.54 046 88.3143.79°*  89.28+4.49"
1 0.90 0.88  0.53 091  81.54+6.90"  88.77+2.34"
2 084 082 0.59 0.98  86.82+6.24"  91.84+2.20"
Small 3 0.79 0.77  0.56 0.80  90.05+3.86°  88.07+3.08"
4 0.81 0.82  0.49 0.60 86.3246.10°  88.22+4.66"
5 0.80 0.79 045 0.75  79.24+7.07°  89.57+4.01°
6 0.74 0.74  0.49 0.71  84.9248.07°  89.65+3.11°"
0 080 078 0.5l 049  89.60+3.78°  89.47+2.25"
1 0.84 0.83  0.49 0.77  84.2246.52"  89.69+2.95"
2 084 082 052 1.01  88.0244.77°  89.55+2.50"
Medium 3 082 080 048 0.82  87.75+4.51"  88.27+3.59"
4 0.79 0.78  0.45 0.88  85.43+6.61"  87.42+4.94"
5 0.77 0.77 042 0.89  83.71+7.86" 87.82+4.26a"
6 0.77 0.74 045 0.73  88.5445.09°  87.35+3.49"
0 0.66 0.65  0.46 031  94.41+527°  89.49+3.07°
1 0.79 0.78  0.44 0.62  83.10+8.20° 89.3+4.24°
2 0.82 0.81  0.50 0.94  89.88+4.54°  88.1242.06™
Large 3 0.76 0.75 043 0.75  89.00+3.97°  86.34+2.54"
4 0.70 0.69  0.40 0.60  88.81£8.41°  87.03+2.51"
5 0.68 0.67  0.39 0.62  85.5146.64°  88.1243.75"
6 0.73 071 042 0.68  89.18+3.88°  87.1242.66"

HIYHA * The number after + is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.
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W, = 0.0143 mc? — 0.6554 mc + 22.05 0.9930
Ws = —0.049 mc? — 0.898 mc + 16.44 0.687

Kemel Wy = 0.011mc? —0.1290 mc + 15.84 0.896
W, = 0.0143 mc? — 0.6554 mc + 22.05 0,930
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diain 6 waalulim Pg 1 2.60, 2.87 Lag 2.35 g/em” Tuvina@n nand uaz vg
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Bulk density of fruit (g/cmz) Apparent density of fruit (g/cm3)

Week
Small Medium Large Small Medium Large

0 *0.60+£0.1* 0.5540.02" 0.33+0.04°  0.7120.09° 0.68+0.14°  0.66+0.13"
1 0.30£0.01° 0.31£0.01° 0.2840.01°  0.62+0.14° 0.66+0.16°  0.62+0.15"
2 0.2640.01° 0.25£0.01"  0.23+0.00'  0.4740.06" 0.50+0.10°  0.50+0.17°
3 0.24+0.01° 0.24+£0.00° 0.21£0.01'  0.50+0.03" 0.44+0.05°  0.530.01°
4 023000 0.23+0.01' 0.22+0.00°  0.3840.03" 0.43+0.02°  0.41+0.04°
5 0.23+0.01"  0.23+0.00°  0.22+0.00°  0.36£0.03" 0.38+0.03"  0.35+0.03"
6 - - - 0.37#0.05' 0.3940.03"  0.40+0.03°

HIYLHA * The number after + is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.
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Bulk density (g/cm3) Apparent density (g/cm3)
Week
Small Medium Large Small Medium Large
0 - - g 1.27£0.07" 1.59+0.15°  1.55+0.12°
1 1.54+0.01*  1.55+0.01° 1.56+0.01" 1.68£0.26"  1.67+0.10"  1.62+0.28"
2 1.5440.01°  1.50+£0.04" 1.54+0.03" 1.90£0.26™ 1.80£0.15"  1.64+0.22"
3 1.45+0.01" 1.46£0.01  1.49+0.02° 2.07£0.35™"  1.7040.40"  1.64+0.14"
4 1.1740.01°  1.14+0.01" 1.09+0.02" 2.3740.75°° 2234054  1.69+0.25"
5 1.46+0.02°  1.47+0.03° 1.45+0.02" 2.4240.92% 2344057  1.82+021
6 1.46+0.01°  1.4440.02° 1.45+0.01° 2.60£0.45° 2.87+0.97°  2.35+0.44°

NN * The number after * is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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Type Size Equations R?
Small pa = —0.059t + 0.666 0.872

Fruit ~ Medium  Pq = —0.054t + 0.659 0.863
Large pa = —0.050t + 0.646 0.868

Small pa =021t + 1.41 0.963

Kernel ~ Medium Pa = 0.20t + 1.43 0.845
Large pa = 0.10t + 1.45 0.645
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MINAAUMIMTUYTZANTANMFIAMUADA (Coefficient of static friction, COF)
< dy = Ai' o ~ Y = Y
VOIHANNINNINAVUNY TavzSeuuaz Nuene msnaas uiiees e luuuudusevlana
[ ~ 1 < o a A 9 A
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uanaenunin daum COF veawaauuiueans 2 Aanaliuu iy lidanu e
nnsanlungazvinauaaziemansnadeununa COF finegsz1iing 0.65-0.84 anon
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1 I g o L4 < 1
uaza1 COF vouwaanunuuiulangSeuluddamigaieveanaan 3 vunalian 0.49 uu

& o =< ' )
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Rubber surface Steel surface
Week
Small Medium Large Small Medium Large
0 0541005 0591007 0.6610.08" 0.4510.08" 04310.08°  0.4310.06™

a

1 0551005  0.5710.08"  0.6010.16™ 0.3910.11"° 0.28%0.10°  0.34£0.07

b b

2 0641011 05610.08° 0.58F0.06" 0.4310.05" 0.4610.11°  0.39%0.07

b

3 0.69F1067°  06710.11°  0.67%0.12° 04510.11° 0.4310.07°  0.40%0.06
4 0591007 0.65%0.13°  0.61F0.07" 04610.11° 04110.07° 0451007
b

5 05710.09°  0.60F0.11° 0.58F0.05 0.4710.10° 04210.09°  0.4030.07

6 0561009 0531004 0.63F0.12" 04410.10° 0.46%0.08°  0.46F0.10°

HINYLHA * The number after * is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.
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Axial axis Lateral axis

Week
Small Medium Large Small Medium Large

2 0.6130.08* 0.6020.07° 0.6020.07°  0.52F0.04" 0.52F0.04° 0.49F0.07"
30591005 0.5610.05° 0.5510.06°  0.54F0.06" 0.51F0.07"  0.54%F0.04°
4 0.5630.06" 0.5510.05° 0.56%0.05°  0.55F£0.06° 0.55%0.05" 0.500.05"
5 0.51F0.05" 0.50F0.04" 0.54%0.08"  0.51F0.06" 0.52%+0.08" 0.52%F0.11"

6 0.5010.04" 0.4910.07° 0.4910.04" 0.5010.05" 0.47%£0.08" 0.4610.07"

NN * The number after + is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.
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Axial axis Lateral axis

Week
Small Medium Large Small Medium  Large

2 0.70F0.11%  0.70%0.09 0.83+0.08°  0.72F0.12"° 0.66F0.16' 0.83%0.11°
3 0651008 0.69F0.05° 0.70F0.12°  0.71F0.06" 0.67F0.06" 0.68+0.09"
4 084%0.09" 081F0.11° 0.78F0.10°  0.72F0.14" 0.80F0.08°  0.69F0.08"
5 0691007 0.61F0.08 0.66+0.09°  0.65+0.10° 0.68F0.09" 0.71F0.11°

6  068t0.11° 0771022 0.71F0.07°  0.73F0.11° 0.7410.09° 0.6810.12°

HINYLYN * The number after * is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.
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H 1 o J
M3197 12 usananarun luuaazdlarvivesmsainuan (kN)

Axial axis Lateral axis
Week
Small Medium Large Small Medium Large
0 1.75+0.70°* 1.96+0.67°  2.92+0.62" 0.62+0.15" 1.3240.53"  2.45+0.77°
1 2.16£0.48°  1.85£027° 2.74+0.76" 1.93:0.40°  1.83£022°  2.05+0.32"
2 1.840.46"°  1.76+0.42"  2.47+0.50" 1.5940.39%  1.47+0.30°  1.84+0.45"
3 1.29+0.74"  1.97+1.03°  1.5£0.65" 1.7120.62°  1.90+£0.95°  1.90+0.54"
4 1.67£1.23%  2.12£1.70°  2.65+2.17° 1.59+0.83"  1.66+0.81°  1.84+0.65"
5 1.18+0.62" 1.1340.59"  1.19+0.49" 2.01£1.21°  1.50£0.78"  2.24+0.95%
6 126£0.64°  1.25£0.93"  1.00£0.41" 1.54+0.85"  1.48+0.88"  1.46£0.82°

LENRE LY * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.

Y <3 1 o J
ﬂ151\3ﬁ 13 !Lﬁ\iﬂﬂLNﬁﬂWNTﬂiut!ﬁﬁzﬁﬂﬂ’]ﬁﬂl@ﬂﬂ']iﬁ']ﬂllﬂﬂ (kN)

Axial axis Lateral axis
Week
Small Medium Large Small Medium Large
0 0.95£0.41°  0.86£0.34"  1.43+0.20° 1.24£0.50%  1.38+0.49"  1.73%0.42°
1 1.70£0.39°  1.88+0.48™  1.91+0.23" 1.23£021%  1.73:0.26™  1.53+0.30"
2 1.5240.61°  1.65+0.58"  1.81+0.37" 137£037°  1.23£033"  1.41+0.25"
3 2.6541.25°  2.51£1.06°  3.50+1.56° 0.98£0.42"  1.26+0.38"  1.42+0.55"
4 2512081  3.69+1.67°  3.16+1.71% 1.72£0.60°  1.83£0.77°  1.7620.63"
5 3.1541.07  2.79+1.16°  2.74+1.14° 1.46£0.66°  2.56+0.88"  2.24+0.74°
6 2.05£0.91%  241£126"  1.94+0.57" 0.86+0.76°  1.76£1.21"  2.53+0.80"

HINYIHA * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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d' A A Yo 1 o 4
M3 9N 14 53831/]WaWil']ﬂl,mﬂlil’t']Ulﬂﬁﬂlliﬁﬂﬂiutma%ﬁﬂﬂ'l?‘i%’f]\‘lﬂWﬁﬁ'lﬂ!Lﬂ@ (mm)

Axial axis Lateral axis

Week
Small Medium Large Small Medium Large

0 13412561 152943.81°  27.31+3.51° 334223"  9.1243.14™  23.17+4.10°
1 21.9942.81° 23.0842.08° 25.88+3.21%  7.42+1.75°  10.71+4.40° 11.5842.53°
2 24.6242.23"  25.75+4.73°  23.9546.09°  7.9241.40°  10.7743.74° 12.5943.77"
3 2281+3.97 22.3943.93°  22.7243.58°  7.651.39°  10.54+1.86° 12.92+4.64"
4 22954536 25.6345.04° 22.98+5.19°  7.59+1.81° 10.2843.52%  11.64+4.48"
5 18.9344.73°  21.49+43.34°  24.1642.63°  7.99+2.33° 8444239 10.67+2.94"
6 17.65+3.48°  23.05+4.23°  19.78+2.91'  5.94+1.34°  7.85£2.34"  8.69+2.16"

LENRE LY * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.

d' A 1< A Yo 1 @ J
M1319N 15 33EJSVIHJ@WVWJ']ﬂl!ﬁﬂ!ill’i]llﬂ'i’ﬂl!ﬁ\‘]ﬂﬂcluLmagﬁﬂ@nﬂﬂlﬂ\‘]ﬂ1§ﬁ1ﬂuﬂﬂ (mm)

Axial axis Lateral axis

Week
Small Medium Large Small Medium Large
0 3.56£0.91°%  4.16:1.20  4.15+0.69° 3.46+1.99° 3.94+2.37° 2.88+0.90°
1 2.9540.67°  3.25£0.79°  3.34+£0.36" 3.96+0.62°  4.40+0.74° 4.30+£0.50°
2 3.81+1.29°  3.89+1.33"  3.33+0.68 3.73:0.76°  3.97+0.98 4.07+0.69°
3 505£1.66°  6.09+1.41°  6.14+1.85" 4.05+1.47  4.86+1.75 4.10+1.83°
4 4724220° 4.95+1.62°  5.73+1.86" 2.704£0.62°  3.24+126° 2.95+0.93
5 2.5040.94"  3.4742.19°  5.2242.85° 1.84£0.50"  2.67+1.12° 2.16+0.81°
6 1.96+0.84"  221+1.47° 221+0.62" 1.42+0.55"  1.49+0.54" 1.70+0.48"

HIYHA * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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2.4 wasnuinlslunmsna (Rupture energy, Ep)
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2.5 BATITIUUIINAADI LY NALAN (Force-deformation ratio at rupture point, R g /D)
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d' [ A o Y A Yo 1 o J
M1319N 16 Wﬁ\‘i\ﬂlﬁ/ﬁml‘ﬁNﬁ‘ﬂiﬂﬂlmﬂmE]llﬂ’iﬂl,li\iﬂﬂalulmﬁ%ﬁﬂﬂTﬂﬂJﬂ\‘iﬂﬁﬁ1ﬂ!lﬂﬂ (N-m)

Axial axis Lateral axis
Week
Small Medium Large Small Medium Large

0  8.51£541% 10.45+5.90° 20.22+7.72° 0.85+0.59" 4.75+3.60" 14.98+7.84"
1 836£2.08°  7.53+1.30° 10.83+8.17" 433£1.52" 4.73£1.53%°  5.8942.06"
2 7.5942.74°  8.40+3.51° 10.54%5.13" 6.5343.56°  5.8743.30°  8.45+4.97°
3 496£2.67°  7.66+4.52°  7.04+3.47° 5484345  6.8124.72° 6.91+3.37"
4 6894565 9.7548.81° 11.00£9.76" 5.03+4.13°"  5.60+5.18  5.59+3.80°
5 3.84+1.98° 4424248  4.95+2.09° 3.734226° 3.05£2.04"  5.194327°
6 3.36£1.43"  4.57£2.69"  3.50+1.55" 1.96+1.33"  2.36+1.46" 2.47+1.19"

LENRE LY * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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a [ A o Yy A Yo 1 [ J
MINNN 17 Wa\i\i']uﬂvnclwLﬂaﬂﬁn’]ﬂll@ﬂlnf]llﬂilllli\iﬂﬂiullﬁagaﬂﬂ'lwsllaqﬂ']'iﬁ']ﬂllﬂﬂ

(N-m)

Axial axis Lateral axis

Week
Small Medium Large Small Medium Large

0  1.70+£0.82"*  1.84+0.78" 3.09+0.72° 1.88+1.46™°  2.33+1.52°  2.10+0.70"
1 2.3040.96" 2.50£1.01" 2.93+0.53"  2.41£0.60"  3.96+1.07° 3.330.81°
2 2.43+1.03" 2.84v1.06" 2.49+0.74" 2.50+0.98"  2.48+0.95°  2.92+0.81"
3 6.11£3.52°  6.29+3.03° 9.1544.90°  1.9040.91" 3.41+2.16° 3.00+1.64"
4 5.25+2.70° 7.46+4.19° 7.53+4.24° 2.50+£1.07° 3.04+1.48™ 2.84+1.41°
5 3.60+2.00° 3.51£1.93° 5.16+3.01 1.39+0.87" 3.2241.34° 2.72+1.77"
6 1.65£0.83"  1.82+1.14" 1.76+0.62" 0.61£0.75°  1.44+1.26" 2.09+0.91"

NN * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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! (Y 1 1 1 1 o 4
ﬂ1§1\1ﬁ 18 ﬁ]ﬁi’]ﬁ'ﬂuizW'J’N!lj\?ﬂﬂﬁ@ﬁg83ﬂ’]'iﬂﬂWﬁﬁlﬂﬂll@]ﬂﬁlullﬁagﬁﬂﬂ']‘ﬁ"u’E]\?ﬂ’]ﬁﬁ’lﬂllﬂ@

(N/m)

Axial axis Lateral axis

Week
Small Medium Large Small Medium Large

0 0.14£0.07°*  0.13£0.04° 0.110.02" 0.2240.07"  0.1440.03"  0.11+0.03"

1 0.10£0.02"  0.08£0.01° 0.110.03°  0.27£0.06' 0.19+0.07° 0.18+0.05"
2 0.0740.02" 0.07+0.01° 0.1120.05°  0.2240.09" 0.15£0.06"  0.16+0.04"
3 0.06+0.03°  0.0940.04" 0.07+0.02°  0.23£0.08" 0.18£0.09°  0.16+0.05"
4 0.0740.05"  0.08+0.05° 0.10+0.07°  0.22+0.14" 0.17£0.06"  0.17+0.06"
5 0.06+0.03  0.05£0.02" 0.05+0.02°  0.25+0.13" 0.18£0.08 0.21+0.07°
6 0.07+0.03  0.05£0.03° 0.05+0.02°  0.25+0.11" 0.19£0.09°  0.17+0.08"

NN * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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H @ 1 ' 1 < 1 o 4
ﬂ1§1\1ﬁ 19 ﬁ]ﬁi’]ﬁ'ﬂui%ﬂﬂ’]\uﬁﬁﬂﬂﬁﬁigElgﬂ']'iﬂ@l,ﬂaﬂﬁll’lﬂll@]ﬂﬁlullﬁagﬁﬂﬂ']‘ﬁ"ua\?ﬂ’]ﬁﬁ’lﬂ

1aa (N/m)

Axial axis Lateral axis

Week
Small Medium Large Small Medium Large

0 0.29+0.13%  0.22+0.10°  0.36+0.12" 0.43+£0.24" 0.45+0.24" 0.63+0.18°
1 0.59+0.12"  0.59+0.14°  0.58+0.10°  0.32+0.06' 0.40+£0.05' 0.36+0.08"
2 045:024%  049+024°  0.56+0.14°  0.3740.09' 0.32+0.08" 0.35+0.06'
3 0.55£0.24° 0.43+£0.18"  0.58+0.23°  0.2740.13" 0.28+0.12" 0.38+0.18"
4 0.61£0.24"  0.8440.44°  0.60£0.36°  0.67£0.29™ 0.65£0.35" 0.67+0.32°
5 1.3340.45"  1.0120.59°  0.65£0.36°  0.82+0.36" 1.04+0.40° 1.08+0.28°
6 1.1340.50°  1.30£0.67°  0.92£0.32°  0.62£0.47° 1.14+0.58° 1.56+0.46'

HWYLHA * The number after + is standard deviation and the different letters within each column

are significantly different (P < 0.05) based on DMRT.
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4 H H H Y
AW 9.17% aunsanannnd a0 ld (Prresn) 9010 61.79% vaiziin i
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] [} 1 [ ana [ <3 P 4 ]
Wn 9.17% a1 Py Tinanaadumeadana 3 szauanuidd uaanuau 13.21% a1 Py
<3

uanANNUNNaDAoeNTsd A Ao NanuElumsnzmzanann 12.19 m/s HAINS

o 2 4 4 < A a ' L 72 o
LANNGIVY TaaganganauE) 10.10 m/s 40.38% agziieiosana Py duilulesisud

2 3 A a oA { = A 4 A
wummmawwam”lﬁ’wmw “I/]ﬂ’ﬂll%ﬂ 9.17% Nﬂﬁjx‘i’@jﬂ 83% LLﬁZ“V]ﬂ’JHJ%H 13.21% U1 72.03%

A < 1 v
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Husking speed (m/s)
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Y
a A A
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[

- : .
52AU NANWIGIANLINIE 3 52AY: Husked-Mu1NNQANZINIE, Whole kernel-
<

<
NUINQUINARN LAY Broken kernel-HUNLAN

~ 1 ' 9 1w A A < °
1NN Md 55 uaz 56 a1 Mpawnsonald 2 nqudanu AeiianuEr lumsnzmize

U A o ] 1 ) @ A a4 oA
1731 12.19 m/s llf"I"IMp A1 LaL AR 12.19-16.29 m/s N 2 FEAUANUYY WA Mp (RLUCART

g S 1 <Al \ a a
ANUF 9.17% T Mpgada 64.98 kg/h Tisn M- 152.86 kg/h nazanlsz@nsnimms 19

U d’ &I = = 1
WA 26.23 kg/kKW-h HAZNANUTU 13.21% WA Mpqq 55.81 kg/h a1 M- 165 kg/h tagan

YszansmwmsIHmaanu 22.74 ke/kW-h 1ANUEINTAMNE 12.19 m/s
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=

MNA 55 AUTTOULMINNUVPUATEINLMZUDD 2 donyu luuuiszaun lasy
a a g @ § < Y
ﬂﬂﬁwaﬂ'lﬂﬂ')'lll‘%u 23¢a1 ﬁﬂ')’]llﬁ')@ﬂﬂgl'ﬂ'lg 33391 Mp-ﬂ'ﬂllﬁ’lll’liﬂblu
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NITIAANNUINIANLIIAA LS MC-ﬂ')’liJ’ﬁ’lll’lﬁﬂ(luﬂﬁiﬂ'N'lu
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MNN 56 TJ§$ﬁ‘VIﬁﬂ']Wﬂ”l'iﬂlslfWﬁ\N']u‘ﬂulﬂﬁ‘U@ﬂﬁWﬁfﬂ'lﬂﬂ')”lllGI)”L! 2 3¥AU NAULIIPN

NZINE 3 52A1



H a a ¥ <3 1 1 o 4 [
ﬂ1§1ﬂﬁ 20 fJ‘VI‘ﬁWﬁ"U’E)Qﬂ'NN%U!L@%?]'NNLi')fn'iﬂgL“Vn%ﬁﬁ@lf]ﬂ'ﬂMﬁWiJ']ﬁﬂiuﬂWﬁﬂNWuﬂJﬂﬁLﬂgﬂQﬂglﬂ1$ﬁﬂ1ﬂllﬁl\ulﬂﬂ 2 Tc%mgusluumnﬂu

Moisture Speed Percentage of materials (%) M M M
P C E
Content (kg/h) (kg/h) (kg/kW-h)
(m/s) g g g -
(%) Phuskead Pun PfIESh Prun Py Py
10.10 99.1640.42  0.98+4.15°  57.3+1.58"  42.7+1.58"  69.45+5.18°  30.55+5.18°  28.90+1.75 88.05+6.03" 9.20+1.7"
9.17 12.19 97.14+1.17"  3.15£3.85°  61.7942.19°  382142.19°  77.63+4.15°  2237+4.15"  64.9848.87°  152.86+9.95%  26.23+3.81"
16.29 94.86+1.86"  5.46+3.78"  61.7120.96"  38.29+0.96°  83.08+3.85°  16.9243.85"  59.61+4.82°  131.13£1021°  28.63%0.65°
10.10 98.85+0.88" 1.3624.01°  61.82+4.49°  38.18+4.49" 59.62+3.78"  40.38+3.78°  37.1248.60"  124.65+37.60" 12.19+3.88"
13.21 12.19 95.97+1.02"  4.63+£5.84°  66.61+1.84°  33.39+1.84° 60.93+4.01°" 39.0744.01°  55.8126.40°  165.00410.03°  22.74+2.89"
16.29 95.97£1.76"  4.54+9.44"  673+1.65°  32.7+1.65°  72315.84°  27.69+5.84°  53.74%5.55" 129.7149.88"  24.55+3.02"

HANENYA * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.
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1.2 aNnTwaveagsn

H H 3 v
INANTNGN 21 NMINA 57 1ag 58 ANUFUNNINTING 7.88% DNTNATINTEHINGI1
< (] ] =) J ]
nazaNuz lumsnzme ludamadennuannsalunmsnzme vazlSmaniieninn wiedu
= v ' < & Y1 =
namnsoneld Taernanuiilumsnaden 7.46-14.91 m/s Hennsalian Py greq 9984
99.70% luvannwana uag 98.73% Tuvnawanas uaz1im Prjegp gaiiqn 42.26% tag
= o w a Aa 1 1 1 I~
42.91% lurnnwanay tagnaus MUY uABNTNATINITNINIUTELANUETIMINZIMY
1 1 A Y A A < A .éf = Y Y o J
dawasefguM N e ae WeanuGiseumniu Py, tuunTduanas deandonua
' pt Y 3’} g H < 1 [}
Py dfimun Wi 13 2 3u519mann Annuisimsnzme 7.46-9.32 m/s 1da Py, 1
9 v
UANANRAUNADA TUHLINNG 2 310919 BazNUNUAIGINGA 73.35% LAz 77.76% Tunun
' ~ o o A 3 ' A gy A X A
JUs1NaN tagnas MuaAy NANNEININZME 7.46 m/s A1 Ppj A Iuiuyuie
3 A X : 2
ANUITININZMZINTY TagmmznuInranay gana 48.22% NANWITININZINE 14.91 m/s

A 1 A 1w ~ 3 A P {
ﬁllmg‘ﬂ‘ﬂMWﬂE‘]JiT\iﬂﬂlﬁllﬂ"l Pbk NN 33.70% NANULTAAYINUU
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Husking speed (m/s)

fIW‘I‘ﬁ 58 mmamﬁnclumﬁﬂzmmzazﬂmmwmiﬂzmwmawmngﬂiwﬂaaﬁ:
1 9 1
Unhusked-‘ﬂiﬂﬂhlhﬂgﬁmw, Husked-"riiﬂﬂﬁgﬂﬂgmw, Flesh-l,ﬁﬁ]’ﬂiﬂﬂﬁ
¥ < 3 A Y
ﬂzmw”lﬂ, Whole kernel-"riiﬂﬂmmllﬁﬂ‘ﬂﬂgmwllﬂ 11ae Broken kernel-viln

UAan

{ a o { 1 4 < 2 2 '
WNTUIANNEWITO TUMTINGIY MINH 59 WU WoANNITINMINZMZANTY A1
o =) vy & X A ' 3 1 a 1
anwamnsaTumsiauduun Tumuiu uazasas Ao Tugaennuda Tanu 1118 m/s a1
Mp fisnganga 100.46 kg/h dewaliar Mo gl 268.50 kg/h dwmsumnnwanay uagi
< 1a J ~ 1 =
AN IMsnzimz lumu 13.05 m/s i Mp gaiiga 102.44 kg/h a1 M g9ile 289.60 kg/h

v 9 9
dMsurNINNanaNs %thﬂllﬁﬂﬁ”lﬂﬂu‘imﬂﬂﬂﬁ HAIDINUUNN 2 AN ﬁuuﬂﬁfumm

ﬂTWﬁ 60 Llﬁﬂ\‘]ﬂiga‘ﬂ%ﬂTWﬂTii%}WﬁIﬂQTHﬂlﬂﬂlﬂgﬂQﬂ$Lm1$WU')'1 NITNSINMITHUIN
1 =1 Aa a Y o ~ a 3
31J51\‘1ﬂﬁ11 llﬂ5$ﬁﬂﬁﬂWWﬂTﬁiﬂfWﬁQﬂWﬂQ'Qﬂq@ 25.51 kg/kW-h NANULIINITNSINIG 11.18 m/s

1A 29.38 kg/kW-h MIANUZINTALINE 13.05 m/s Tununananass
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Machine capacity (kg/h)

Power efficiency (kg/kW-h)
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d' Aa A 1 < Ao
M1319N 21 amwaﬂlmgﬂimmxmmgmmiﬂzmwwu

] H 4
Tumshauveuaiosnzimernnudanny 2 denyulunulszauianudu

AOANNAINITD
7.88% (w.b.)
Speed Percentage of material (%) M p M C M E
Shape
" Puuskea  Pun  Priesn  Pnuu Py Py (kg/h) (kg/h) (kg/kW-h)
7.46 97.5542.89™  2.4542.89" 60.4141.78°  39.59+1.78" 73.3544.13%° 26.65+4.13"  82.18+20.48"°  201.07429.71"°  24.53+1.51"
9.32 99.70+0.51°  0.30£0.51° 58.91+1.94°  41.09+1.94°  67.0243.66° 32.98+3.66" 96.0849.25°  258.31441.42°  30.47+3.85°
Sphere  11.18 98.14+1.94°  1.86£1.94" 60.01£1.22°  39.99+1.22° 68.55+11.8" 31.45+11.8°  100.46+23.99°  268.5+37.89" 25.51+10.65"
13.05 99.29+0.68"  0.71+0.68" 59.1243.25"  40.88+3.25"  54.41+4.84"  45.59+4.84° 70.07+5.74°  247.19419.50  19.220.89"
14.91 99.53+0.41"°  0.47+0.41" 57.74+0.94"  42.26+0.94" 51.78+3.32"  48.22+3.32° 38.97+5.03" 149.9423.93"  11.84+0.47"
7.46 97.22+1.78"  2.78+1.78" 59.37+0.79"  40.63£0.79"  77.76+2.64°  22.24+2.64" 72.7346.49°  172.05£13.51°  23.09+4.91"
9.32 97.7142.83"  2.2942.83" 57.9741.05°  42.03+1.05° 73.5043.67°  26.543.67°  74.61+9.81"" 191.77425.60"°  19.72+3.24"
Ellipse 1118 98.73+1.48"  1.27+1.48" 58.64+0.56°  41.36£0.56' 67.23+2.40° 32.7842.41°  87.76+6.97°° 240.07+22.39"  23.89+0.57"
13.05 98.33+0.49"  1.6740.49" 57.24+237°  42.76+2.37°  67.47+331° 32.534331°  102.44+25.84°  289.6+51.98°  29.3845.12°
14.91 97.00+5.19"  3.00+£5.19° 57.0942.59"  42.9142.59"  66.30+7.19°  33.70+7.19° 60.20+3.82"  186.70£16.81°  16.95+2.85"

HNENYR * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.

001



101
a A [ A
1.3 9nsnavesansuzilaon

o A [ a a A o T Y A <R
aﬂHﬂ!$L']_Ia@ﬂﬁll']ﬂulllL!ﬁﬂQ@ﬂﬁWﬁﬂ%ﬂlﬂulLﬂﬂWﬁﬁlﬂﬁ Iﬂﬂ'ﬁuWﬂ!LWﬂlﬂa@ﬂllmﬁlﬂu

o ~ = & ' A A g o A
ANUVBIHNINTNAIND A MNVUNUAUY aIUruINaon LU U N UHLINAANDIY
&L a A Ao ' Aq YA & A ~
WuaY aonianyuzs uAn1e AN 1FUANLFY 3.48% 2INAITIN 22 NN 61 LAz 62
1 U <3 g’/ o Aa a
WU ANVENTD TUMINZIME TA1 100% NAANNITINTNLINMNE LAZNI 2 aNYUL LazdNTNa
1 A I~ (=1 1 [ (] 1 ] ]
svouannuaraNuEININZE lNanoa Pflesh uadawason Py, waz a1 Ppy
[ ,ﬂ' <3 A 49! 1 =1 9 d' 1 A ds!
WUIULeANNGE TR UL A1 Py BuuaTiuanas vmeiian Py mivau Tagmmiznun
A A Y Y] 1 A S A < 1w

asniuuul T uua N nuINANHUIN Ao ALTINANVIEINTNLMSMNY duTsous Tuns
o A 1 A S A ~ <3 [ Y
MUY UATOINZMENUN nunldenudalia Mp gananuEinmsngmiz 11.18 m/s A

~ A A 9 9 3 o 2K A 1w R~
86.46 kg/h varzvanulaeniiy aeelsnuiEe 9.32 m/s aia1 Mp A 100.99 kg/h &1
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ﬂ1§1\1ﬁ 22 ’E'J‘VI‘ﬁWa"ll@QﬁﬂymglﬂaﬂﬂWNWﬂllagﬂ'ﬂﬂJLi'Jﬂ']iﬂ%LﬂWgﬁﬁ@f]ﬂ'JnJﬁ']iﬂiﬂiﬂﬂWiﬂW\ﬂusU’E'N!ﬂ%ﬂ\‘lﬂglﬂ1$1’iﬂ1ﬂllﬁ,\1uﬂﬂ 2 ’c%mgu

v F
TuUIsZAVNANVFY 3.48% (w.b)

Speed Percentage of material (%) M P M C M E
ull (m/s) (kg/h) (kg/h) (kg/kW-h)
Pruskea  Bun  Priesn Prun Py Ppi
9.32 1000 00 57.2140.25°  42.79+0.25° 64.7546.20° 35.2546.20"  65.5146.08" 177.5046.89"  26.03+2.47"
11.18 100+0 0+0 56.99+2.16" 43.01+2.16" 57.30£0.21" 42.70£021°  86.46+23.05°  264.19466.47" 34.59+10.95%
Hard 13.05 1000 00  55.53+1.97°  44.47+1.97°  45.07+5.51"°  54.933551"° 723442938  296.99489.15°  28.34+9.81™°
14.91 100+0 0+0 54.96+0.61" 45.04+0.61" 23.65+8.20" 76.3548.2°  34.7949.00°  311.56243.05°  13.5842.63"
9.32 100+0 0+0 57.82+2.01° 42.18+2.01° 65.18+1.07° 34.82+1.07°  100.99+6.72° 261.3347.73%  39.03+5.33"
11.18 1000 040  51.34+14.07°  48.66+14.07°  36.9131.16"  63.09431.16™ 51.78+44.26"°  247.15+18.28"°  21.2+18.12"°
Soft 13.05 100+0 0+0 59.61+1.64" 40.39+1.64"  34.33£13.16°  65.67£13.16b°  35.68420.45% 174.11428.16"  14.00+7.25"
14.91 100+0 0+0 57.40+1.00" 42.60+1.00° 21.75+1.89° 78.25+1.89° 243741.80°  210.74+17.92°  10.32+0.82°

HANENA * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.
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muvuazaaadlugnanuEImsnzmiz luny 19.27 m/s egelsiaumsanasue s
A <3 A zg A ] [ aad 1 Y Y ~
Phusked Weanuaiseumnyuiia luuanduneadansesinavesdensimemminy Tagi
o ¥ 1 1 { 1 <
ANUAUANYN 30 psi WA Physkeq 290190 90.22% N5282119 40 mm ANUITINTIZINIEG
tﬂ' % . =S tﬂ' 1 L% 1 1
19.27 m/s tazNAWAANYN 35 psi IMsnfasunaswesit Pyyskeq WEa0unngeda
Y A [ . dyd 1 ~ ~ 1
YOINDINZINIE NANVAUANEIN 35 psi WA Prysieq T9NTA 89.39% N3282119 40 mm

<
ANULIINTNEINIEG 14.45 m/s

& 4

{ = A § ' A <
NyuIBoIATU 25 D91 (NN 66) HIDFOITNUBIRBINLMLNUAY AAWGING

]
A

' ~ y A X VA = = A ' ' 9
NEIMZ 14.45 m/s A1 Py skeq M Ty uailoyuidesns uimuiy iloso9119v09% 09

De

4 2 U o < (%
nezNuIY a1 Py skeq Tnui Tiuasas ynszduanuizimsnzmizuazanuaudon

~ @ . A 9 Y1 ~ A < 1 a
nzmz Nanuauane 35 psi Bund Tdulie Py skeq geiige innuisimsnzime luhu
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mm TiMgaiiga 96.23% AANUZINIALINE 20.47 m/s LAz TR0 50 mm
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Husking speed (m/s)

B 40 mm, 35 psi

40 mm, 30 psi

F 40 mm, 25 psi

H 50 mm, 30 psi [-d 50 mm, 35 psi

[-] 50 mm, 25 psi
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60 mm, 30 psi

[=] 60 mm, 25 psi
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d‘ 4 vy v
M990 23 ANUANID TUNINEING (Physkeq) V0UAI03nZMzuuvaoryu I uuuITea (%)

P
Space Speed RuSHed]
15 degree 25 degree
(mm) (m/s)
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi
14.45 82.48+11.55"%* 77.59+9 54 89.39+3.88° 69.09+6.96™ 80.27+9.38° 92.92+8.06°
16.86 81.59+5.71" 83.33+13.7 89.31+5.03° 86.48+0.74° 80.47+£10.29° 93.97+3.93°
40
19.27 90.28+4.94° 90.2249.17° 85.57+3.81™ 82.43+9.86° 91.73+4.95° 88.6349.49°
20.47 95.77+3.83% 85.27+2 .40 87.91+3.44™ 87.34+4.13° 83.08+2.93* 88.80+3.03°
14.45 54.22+8.88" 65.08+14.12° 72.48+3.94° 45.4+6.78" 67.16:13.28" 83.22:+4.63%
16.86 65.02414.34% 75.2543.21%¢ 80.54+1.43% 70.9+13.43% 70.12+5.13 85.51+£9.97%
50
19.27 80.23+10.56" 70.55+7.85" 84.49+3.80™ 72.85422.76% 78.19+5.76°" 72.15410.98™¢
20.47 70.07+4.08°" 69.16+0.85™ 80.36+10.35™ 83.5949.11° 77.94+6.93° 79.79+1.75%
14.45 21.73£9.47" 20.07+10.82" 37.17+8.03" 44.96+5.11° 52.39+10.36" 61.71+8.68"
16.86 31.94+3.14" 27.00+10.55" 50.03+9.86" 56.49+4.79" 49.38+3.20" 53.64+2.77"
60
19.27 44.47+0.74" 35.09+2.03° 49.92+10.3° 59.37+6.65" 52.98+10.72" 59.45+12.69"
20.47 50.48+14.52° 34.64+8.62" 51.96+18.88" 73.4345.17" 64.7648.46" 73.35+4.75°"

HANENYR * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.

601



M3519N 23 (99)

Speed P husked
Space (mm) 35 degree
Uy 25 psi 30 psi 35 psi
14.45 85.35+15.14°* 90.88+5.14° 80.77+12.57"
16.86 80.3146.99"" 87.52+7.81° 78.3446.76"
0 19.27 79.19+16.01°" 84.68+3.13*" 74.78+6.45%
20.47 94.29+5.65" 96.23+4.70" 68.12+4.76™"
14.45 69.72+19.01% 82.1849.32°" 82.15+6.42°
16.86 59.49+11.14™ 89.84+3.18" 81.9942.61°
¥ 19.27 79.4115.33% 74.33+18.88™" 72.04+10.77°
20.47 64.87+6.98™ 83.75+12.9"" 82.28+7.60°
14.45 45.58+5.15" 42.47+13.96" 48.77+22.21°
16.86 42.76+4.48" 64.09+11.4" 57.09+11.63"
° 19.27 38.88+18.76" 58.74+5.81% 62.58+21.66"°
20.47 66.9248.06" 67.22+11.42™° 45.64+4.11°

HANENYR * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.

0Lt



111
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AT 24 lumsnaaeumsnzmzienlseumeunlosisuaiionuin (Pflesh )

A ! = 9y 1A = = = v 9 . !
vieaunnela NUNNYUDEIATY 15 B3I Tunwi 68 ANUAUADENNZIME 25 ps1 A1
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= ' = = = 1A [ 9y
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) 2 2 A ' 9 A A ]
HoanzmzuAL Taofiresnaionsime 40 mm Ui Prieep §989 72.21% #in0mi59ms
§ 1 1 § <
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14.45 16.86 19.27
Husking speed (m/s)
EZ] 40 mm, 25 psi 40 mm, 30 psi B® 40 mm, 35 psi
£7] 50 mm, 25 psi [ 50 mm, 30 psi 50 mm, 35 psi
[ 60 mm, 25 psi 60 mm, 30 psi [ 60 mm, 35 psi

A J 3 14 dy A = G
MNN 69 Lﬂf]i!ﬁ]fu@]l,u@?illWﬂ‘ﬂiallll@ﬂ\iﬂﬁ‘ﬂ 25 94

A 1 ~ = ~ A ] 9 4 2 '
i 70 uaar Priggp Mynidoensy 35 o3 wudnuiioseinedeanzimnuiiy fl
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$ I~4 . ] [
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! < 4 1 A
78.90% AANUFTINITNLIMNE 16.86 m/s Az NFoa1ar0anzIMIZ 60 mm 31 Prjegp g9ga

88.52% NANNITINTNLIME 14.45 m/s
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120

Husking speed (m/s)

E& 40 mm, 35 psi

40 mm, 30 psi

FA 40 mm, 25 psi

Hl 50 mm, 30 psi [2d 50 mm, 35 psi

[] 50 mm, 25 psi

3 60 mm, 35 psi

60 mm, 30 psi

(5] 60 mm, 25 psi

=S =

v
=

4
iL“BHﬁLﬁ@ﬁ‘Jﬂﬂ‘ﬂMM@ﬂ\iﬂiﬂ 35 93

0 wosiFudi

a
MNN 7



~ v & A oA v A v o
A319N 24 ﬂammmmiumu*ﬂzl,mz"lmufmnm (Pflesh) Wif]ﬁ')u“l/]“ll1fJulﬂGUf]\‘]Lﬂ3@@ﬂ$£ﬂ1$i!ﬂﬂﬁ@ﬂyu1ullu’Jﬁgﬂ‘ﬂ (%)

Space  Speed Pf lesh
(mm)  (mw/s) 15 degree 25 degree 35 degree
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi 25 psi 30 psi 35 psi
1445  81.67+2.24™*  81.8343.62"  77.88+3.49" 82.8346.15"  77.09+4.77"°  69.88+1.97" 81.05£13.1°  79.91+5.11™  77.62+14.29™
16.86 78.96:2.16"  81.7149.87"  73.03+4.83" 78.66+1.28"  70.45+3.83"  72.21+1.85" 74.04427.52°  76.01£5.24"  73.9248.25"
40
19.27 78.07+3.11° 742644.9" 74254632 75.6040.82"  72.0443.66"  66.50+5.43" 71.5244.52°  77.07£2.73"  71.05+5.04"
20.47 72.7443.14" 80.78+5.11°  69.19+3.59" 7572428 74.57+4.08"  67.67£2.66" 73.3043.14" 69.3245.59" 66.58+4.62"
14.45 90.22+1.41° 80.8+7.71°  79.78+5.42" 88.6+337°  85.69+2.7%  80.65+4.04" 81.99+£11.49" 76.88+10.18™  77.28+6.49™
16.86 87.63+3.45%  81.11£2.96" 81.22+5.49" 77.9145.69°  82.82+3.61°°  78.3+1.85™ 77.22412.67° 7894577  77.38+1.61™
50
19.27 80.88+2.87™ 85.4+4.12"°  78.61+3.99™ 59.49+45.74"  80.47+5.06™"  79.89+6.28™° 88.39£3.95"  77.42+5.19™  70.09+11.25"
20.47 81.3242.80°  81.54+6.32"  73.4245.16" 75.3843.80"  79.87+7.25°°  73.48+4.93" 79.26+7.83"  78.07+8.70™  76.0626.35"
14.45 99.13+5.38°  83.21+13.12"  95.90+1.75° 89.13+6.58"  88.99+7.61°  82.73+2.37" 91.15+5.33"  88.52+4.60°  90.74+2.80°
16.86 91.13+7.03" 92.6144.94°  88.69+4.11% 84.62+11.89"  87.99+2.85°  84.22+4.89" 93.1346.13"  85.82+1.84°  84.91+5.02%
60
19.27 84.5240.96"  91.47+3.61" 87.67+7.84°“ 81.77+4.50"  80.86+6.18"*  79.6+7.29™" 88.31+8.58"  80.51+1.65™  85.22+6.47"
20.47 87.03+7.56™ 91.46+4.64° 80.28+5.33™* 74.83£1.50"  80.82+3.75™°  80.91+2.31% 88.4742.25"  81.19£9.44™  79.73+7.12"

HINYLHN * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.
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4 73 o < < {
1INA3190 25 Wisumeunlesduanuniauman (P, k) tazaisnai 26 nlseumeu

- ~ o o 1 oA o A ~ =
Lﬂf)i!“ﬁuﬁﬁﬂ1ﬂllﬁﬂ (Pbk) ﬂi$ﬂﬂﬂlﬂ\1ﬂﬂﬂﬂ@ﬂ\iﬂ NUN ﬂﬂi]i]fll}lll@ﬁl\‘lﬂiﬂ 15 9371 (AN 71)

~

' ' ' aa o o ' ! (]
a1 Py lutianuuanaianieana lunnszauveeifate vuiases1aazanuEimsnzime
v 9 9

AMNAURDENNZIME 25 1A 30 psi LATWUNNANUAURDENT 2 5zAUT T Py, desnm

s ~ ~ <3 ] 1 )
7% Taelia Py qaiga 6.10% 1oz 5.17% NA1NEININZINE 20.47 m/s F0ITNHOINLINIE
40 mm NANUAUADINNZINIE 25 1AT 30 psi MUAIHL NANVAURDENINLME 25 psi B9
9 A A 3 A vy
NoINIME 40 mm UA1 Py 9990 98.72% NANUEININLINE 19.27 m/s 1agNF09719104

1 { < 1 @ 1 J
nZAMz 50 mm A1 Py 9989 99.38% NANUISINTNZINE 19.27 m/s IFUAY FOIINHDA
1 4 g v o

Nz 60 mm 1A Py gaga 100% 1A1i39msnzing 14.45 m/s 1A1WAUG0819N2IN1Y

1 1 1 H I~3 H
30 psi ¥09719HDINZINIZ 40 mm TA Py, g 999 98.76% NAMUITININZIMNE 16.86 m/s ozl
[ ] 1 H I~ 1 1
F09719%09n2INZ 50 mm A1 Py 9999 99.23% NANNITINTNZING 14.45 m/s $09719H09

a . < v o
N2z 60 mm U1 Py 9980 100% NA1059mMIn2Mz 14.45 m/s NANUAUG0e19nzINE
LA ) & 5 4 2 d. ' A

35 psi M Wuud TduaaauloANUITININZMEAVUY NFIINNMINZME 40 mm U1 Py

{ < {1 1 U
g9gA 98.99% NANWITININIME 14.45 m/s NYLIINMINLME 50 mm U1 Py g g

aa

{ < o 1 @ { 1% 3 4 !
100% ﬁﬂ:]"lll!ﬁ']ﬂTiﬂ&‘Vﬂg 16.86 m/s LL@]lliJLmﬂWTQVHQﬁﬂ@] TJﬁigﬂﬂﬂ'JTleﬁfJﬂTiﬂgwnzﬁuc] ﬁ

F9439NIALINME 60 mm 11 Py g g9qa 100% HinmiFansngimig 14.45 uag 19.27 m/s lai

1 an o < 4
Ll,@mmﬂmﬂﬁamﬂUﬂ’nmsamiﬂzmwﬁuﬂ

]
=

AYUBBIATY 25 89eN (MNWA 72) ANUAURDENNLINIE 25 psi NFOIINHDINIME 40

q

IS Al

! ] {1 '
mm 31 Py 990 97.66% NANNGININZINME 16.86 m/s 11azTo9119%0angMmz 50 mm 1

~ <3 A ' Y A 1
1 PWk 399 100% NANNLTINITNLINIG 14.45 m/s HAZNYDIIWNHOINSINIE 60 mm WA PWk

U q

A 3 A 1% 1
q39A 100% NANNLITINITNTINIG 14.45 1ag 20.47 m/s vlmmﬂuﬁlﬂmﬂﬂzmw 30 psi AN PWk

EY q

)

) A < A X vy a Y 9 '
N Tdyanaulon NG INTNSIMSINNUY “IQﬂ‘lluWWIffN’J'Nﬁ’f)\iﬂgLT]"I%LL'@%ZJ!LU’JIHNH’@EJWJ'I
= v Y = ' ! <3 o A =2 a A
NANNAUADYNNSINIE 25 psi NUYUIAFBINULUATANUTINITNSINMIZAULUBDINNYNDEIATUN
A 49! ) Y o 9 A A ds! 2 o Y I v A A dsg A
LW?JGUM‘VIﬂ‘HNﬁVHJTﬂQﬂﬂﬁgﬂ”lﬂ?ﬂllix‘lﬂlwmsllu vinliwaanunuanin@emanuIuL uaziile
A ~ o 9 . (IS 9 T A [ v 9
NATUINANUAUADYNINNTINIG 35 psi NUIUA Pwkui’)ﬂﬂ’ﬂﬂ'] PWk NITAUANUAUDDYN

AZIMZUAZVUIAFD I DINLMIZNINY
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LT LT

20.47

19.27

16.86

14.45

Husking speed (m/s)

BH 40 mm, 35 psi

40 mm, 30 psi

[£] 40 mm, 25 psi

50 mm, 35 psi

B 50 mm, 30 psi

[} 50 mm, 25 psi

F=] 60 mm, 35 psi

60 mm, 30 psi

[=] 60 mm, 25 psi

i
=

a
MNAN

=

=S

<3
3

3

4
FFUANUINANNAANYUDYIATY 15 DI

J <

71 1o
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120
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’
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14.45 16.86

Husking speed (m/s)

40 mm, 25 psi 40 mm, 30 psi 3 40 mm, 35 psi
[] 50 mm, 25 psi B 50 mm, 30 psi 50 mm, 35 psi
60 mm, 25 psi 60 mm, 30 psi %1 60 mm, 35 psi

a 42 & 3 g A a ~
NINN 72 !‘IJEJ'iL%uﬂﬁNWﬂmmﬂJaﬂﬂuﬂlﬂﬂﬁﬂiﬂ 25 931

d' =1 1 d' = = 1 1 =~ 9
N 73 nlseueun Py, dyuoeensu 35 o wun a Py tuuTiduanag
4 < A 2 4 I~ 1 [
HOANUGEINTALMNVVY TAsmMIZTNANUEINTAZNIE 20.47 m/s FBITHDINZNE 40
A @ o = =< A
mm 1A Py, 11170 85.60% wunmnennuniia Ppy 994 14.40% uazlian Py, gega
a <3 A 1 Y A A
94.27% NANVITININLINE 16.86 m/s NFDITNABINZINIE 50 mm WA Py g gaga 98.16% 1
<3 1 1 Aad % <3 4 o [
ANVIINTNLIME 19.27 m/s 1UUANANNNADANTZAVANVITINITNLMZDU) HATNADIIN
1 H I~3 1 1 Aaa
#oanziMmz 60 mm I Py g9g9 97.48% Nnnuiaamsnzime 19.27 m/s luuanaanedda
A o <3 A A v 9 = A
NIzAUANUTININZNIZOUY NANVAUARENNZINIE 30 psi BA1 P,y p g9ga 94.57%
[ ] I~ ] N 1 [
¥OITNHOINZINIE 60 mm ANUISININZINIG 19.27 m/s AIUNFDITNHBINLNIE 50 mm U
H I~ ] (% Y 1 1
Py 99 98.16% NAnuiEamsnzime 19.27 m/s 15uni 1azitoa119%edanzimiz 40 mm fia
I < ! o . ]
P., ;. @aaa 91.35% AANUEINITNLME 14.45 m/s NANUAURDENNZIME 35 psi A1 P,
wk NE p wk

A 1 < 1 4 1
guga 98.73% ﬂ%@ﬂ?Wﬁﬁﬂ\?ﬂ&ﬂ’]g 60 mm AIVLIINITNEINIE 16.86 m/s ﬁQUﬁGB@QUWQﬁ}ﬂQ
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1 H I~ H [
N2 50 mm UA1 Py 9989 92.33% Nanui3imsnzimz 14.45 m/s 1az Nye9319%oq

NI 40 mm A1 Py g9g0 94.48% AANMITINTNINIE 19.27 /s

9 s 3 o < < ' 5 A ' ISR '
iﬂﬂsUEJlJ”ﬁLﬂﬂil%u@ﬂMWﬂmmNaﬂ (PWk ) W“]J’ﬂﬂ’ﬂi]Li’JﬂTﬁﬂ%L‘VﬂZﬂq\ﬁ’JNﬂ“U"]fE]\i’JN
] ~ 2 o 9 a o A 1 ] 2 X 1 =
HoINSIMIENLLAD ﬂ\?‘ﬂﬂ“ﬁlﬂ@ﬂﬁl!ﬁﬂﬂﬂlﬂﬂ LOUNDBDIINNUDINTINISIWUUU A1 PWk b\
y A X VA v Y 4 2 ° 9 4 2 A '
LLH’JIH&JL‘WWHU LOUNUDANUAUADYINNSINISINNUU Tlﬂﬁlli\‘lﬂﬂNﬁﬁiﬂﬂﬂmiﬁluiﬂﬂ NYDIIN
v 0o q ¥ (& A X = . < <
HONNSINMITLHAD mﬂwﬂimmwmmmmwmu 1 PWk WA ?JEJNVliﬂGnlJﬂ’NiJLi’Jﬂﬁ

v v Y
nzimziganul Tnaihlda Py iiwaiudoe

120 ~
100 - . =
. "5 L LT, -
. L1 r z p
L b L E -
[ ] [ d -
A
g $gaie :
S 4 o/ 7, : :
= 0 10y b, ", : :
S 4 H O A : ;
57 q ko 57 : :
0 1KY H 5 7 ; :
e S o7, : :
’ - -if »{f‘ - -
Y 3R 3 KK 3 3
20 k¥ 3R H 3 3
/ 5K 4 KA : :
) | H L H LA i /
T T T |
14.45 16.86 19.27 20.47
Husking speed (m/s)
= 40 mm, 25 psi 40 mm, 30 psi P 40 mm, 35 psi
50 mm, 25 psi B 50 mm, 30 psi [¥] 50 mm, 35 psi
60 mm, 25 psi 60 mm, 30 psi EX] 60 mm, 35 psi

A /2o 3 g A o a
NINN 73 !‘ﬂ’ﬂiL“Buﬂﬁiﬂﬂmmmﬁﬂﬂlqlll!,’f)ﬂﬂﬂiﬂ 35 93



~ Y I < A Y Y
A319N 25 ﬂmﬂ’]WﬂWiﬂgL“l’]’lgulﬂﬂiﬂﬂmumaﬂ (Pwk)@Q!ﬂﬁﬂ\?ﬂ3&%13!&UU@@WHH1ULLU'}3$@U (%)

Pwk
Space  Speed
mm)  (ws) 15 degree 25 degree 35 degree
mm S
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi 25 psi 30 psi 35 psi

14.45  98.27+3.00%  97.99+2.22"  98.99+1.76" 95.07+4.62"  94.13+427"  96.93+2.92" 91.34+7.73" 91354088  87.85+4.66™
1686  96.79+2.94"  98.76£1.32"  96.91+2.86" 97.6620.63"  93.58+8.46" 94.68+1.87" 94.2743.43"  91.2048.15°  87.29+10.46"

40
1927  98.72+1.29°  95.58+2.91°  94.36+0.91°" 96.59+3.12°  91.4244.06° 92.84+3.43" 90.45+3.81°  84.62+11.52°  94.48+8.00™
2047  93.90+3.07°  94.83+2.27°  94.65+1.86" 95.2142.18"  91.7445.10° 92.49+4.35% 85.60+5.94"  90.45+16.54" 81.55+0.62"
1445  9594+7.03  99.23+1.33"  98.13+1.77" 100£0.00°  98.45+2.69°  98.20+1.69" 92.36+9.14"  86.12+7.76"  92.33+2.25™
16.86  98.86+1.97"  97.48+4.37°  100.00+0.00" 95.57+4.53"  98.94+0.94"  94.04+2.99" 92.97£9.05  76.66+10.83"  83.89+2.11°

50
1927  99.38+1.07°  98.79£2.10°  98.04+1.35" 99.22+1.35"  98.04+1.83"  97.2842.36" 98.16+1.60°  88.81+9.81" 83.09+4.6"
2047  97.49+435"  96.42+4.24"  96.68+3.34" 98.49+2.61°  95.99+1.11° 92.83+4.91° 97.1842.67" 93.60+9.56" 79.93+6.14"
14.45  100.00£0.00° 100.00£0.00°  100.00+0.00" 100.00£0.00°  100.00£0.00°  88.69+6.92° 97.3244.64°  94.13+6.15°  92.02+6.99™
1686  97.42+4.46"  97.06£5.09°  99.07+1.61" 99.19+1.41°  98.81+2.07°  97.07+2.96" 94.04+5.18"  94.39+5.97% 98.7342.19°

60
1927  96.01+4.02°  98.18+3.15°  100.00+0.00" 96.97+2.73"  98.33+2.89”  94.16+3.05" 97.48+4.36" 94.5745.54°  91.5448.45"
2047  98.91+1.89" 100.00£0.00°  97.75+3.89" 100.00£0.00°  94.36+5.01°  95.66+0.65" 90.74+2.24"  89.9746.00°  91.59+11.46"

HUEIHA * The number after + is standard deviation and the different letters within each column are significantly different ( P <0.05) based on DMRT.
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M3199 26 A mmsnzmz lanunnuan (P )aaomiesnzmzuuudevyu lunuiszay (%)

P bk
Space Speed
15 degree 25 degree 35 degree
(mm) (m/s)
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi 25 psi 30 psi 35 psi

b

1445  1.734£3.00%*  2.01+2.22°  1.011.76" 4.93+4.62° 587427  3.07+2.92° 8.66+7.73" 8.65+0.88"°  12.15+4.66

abc

ab abc

16.86 3214294 124+1.32°  3.09+2.86" 2.3440.63"  6.4248.46" 5.32+1.87" 5.73+3.43% 8.8048.15"  12.71+10.46

o 19.27 1.28+1.29°  4.424291°  5.64+091°  3.41£3.12°  8.58+4.06" 7.16+3.43" 9554381  1538+11.52°  5.5248.00"
2047  6.10£3.07°  5.1742.27°  535:1.86  4.79+2.18°  8.26+5.10° 7.51+4.357 1444594 9.55+16.54”  18.45+0.62°
14.45 4.06£7.03°  0.77£1.33"  1.87£1.77" 0.00£0.00° 1.55+2.69  1.80+1.69" 7.6449.14°  13.8847.76"  7.67+2.25"™
16.86 1.14£1.97°  2.5244.37°  0.00£0.00°  4.43+4.53° 1.06£0.94" 5.96+2.99"  7.03+9.05"  23.34+10.83"  16.1142.11%
% 19.27 0.62+41.07°  1.2142.10°  1.96+1.35" 0.78+1.35"  1.96+1.83"  2.7242.36" 1.84+1.60°  11.1949.81" 16.9124.6™
20.47 2.5144.35°  3.5844.24°  3.3243.34% 1.5142.61°  4.01£1.11°  7.17+4.91% 2.8242.67" 6.4049.56°  20.07+6.14°
14.45 0.00£0.00°  0.00£0.00°  0.00:+0.00" 0.00+0.00°  0.00+0.00" 11.3146.92" 2.68+4.64" 5.87+6.15°  7.98+6.99"
16.86 2.58+44.46"  2.9445.09"  0.93+1.61'  0.81x1.41"° 1.1942.07°  2.93+2.96" 5.9645.18" 5.6145.97" 1.27+2.19"
°0 19.27 3.99+4.02°  1.8243.15°  0.00+0.00" 3.0342.73"  1.6742.89°  5.8443.05" 2.5244.36" 5.43+554"  8.46+8.45"

abc

20.47 1.09+1.89"  0.00£0.00°  2.25+3.89™ 0.00£0.00°  5.64+5.01"°  4.34+0.65" 9.26+2.24"  10.03+6.00°  8.41+11.46

YNy * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.
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A A = 1 a <3 <3
MINA399N 27 WA 74, 75 waz 76 f3sumeumaNuaTo TumMIkaarnANNan
T O ° A A ' A ' ' ) '
Ao Tuanmsvhnu (Mp) fdeulumsnadeunien nwi 74 $994319%0nINE 40 mm WU
A ~ v A X A o 9 4 2 ' < 1 a
a1 Mp i Tdumuiuieanuaudesanzmzmuiy lusisnnuiimsnzmiz Tunu
{ = 1 A { 3
16.86 m/s NyuIdeaAID 15 03 A1 Mp gaiiga 44.39 kg/h NANNITININZINE 19.27 m/s
o A = d 1 A { 3
ANAUANEN 35 psi NYWBBIATY 25 0371 A1 Mp ganga 40.93 kg/h NANUTININZIMNE
1% . A = ~ 1 A A <
16.86 m/s ANUAUANYI 25 psi Az NYIBeeAID 35 03N A1 Mp gaiiga 30.72 keg/h NANNIG)

MINLINIE 20.47 m/s ANUAUAVEN 30 psi

Husking speed (m/s)
[] 25 psi, 15 degree [-] 30 psi, 15 degree ¥4 35 psi, 15 degree
(3 25 psi, 25 degree F3] 30 psi, 25 degree Ed 35 psi, 25 degree
£ 25 psi, 35 degree [5] 30 psi, 35 degree B 35 psi, 35 degree

a g < a \ "
NINN 74 ANUAINTD TUMTPLMZHINNIANNAA (Mp) NITYSTHNITHINADIN

AZIMENUAZLNTINZINIG 40 mm
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A =} 1 A 1 Y A 3 (Y
il 75 uliewiisua Mp fgesinesienzime 50 mm Annusimsnzmz lumy
A A X2 A o Y 4 22 Y = & Y A
16.86 m/s U1 M p induiionnuaAudosansmmuay 13 3 33ADY0UIDeNATY o
2 a 3 ' A A X2 4 )
YUIDHIATL 35 0IAN ANNGININLME 16.86 m/s A1 Mp Tannuyunanuauaseanzimny
. 1A o A g L v oA ~ = ~ Y1
30 psi teudlonNuaMNIIlY 35 psi nauiia Mp anas iyudeensy 15 oam lia Mp gage
A [ . < A = = =
61.05 kg/h NANUAUADENNZINIE 30 psi ANVITININZIME 20.47 m/s NYWIDEIATY 25 AN 1

A1 Mp geqa 49.84 kg/h ToenNAyuideensy 15 091 14.36% NANUAUADE1NZINE 35 psi

v
=

ANUIEINITNZINE 14.45 m/s taziyuidosnsy 35 oen fiar Mp gaan 28.01 kg/h oonini

! [ < o &
WDBIATY 15 BN 54.12% ﬁﬂ??ﬂﬂuﬁ}ﬂﬂqﬁﬂgl'ﬂ']g 35 psi AULTINITNEINIG 20.47 m/s ANUU

! Y

Y
A A a ) ' A = = A 2
NFDIINHOINLINIE 50 mm uﬂllujiuuﬂlﬂﬂﬂﬁl Mp AADUNDHUIDIIATULNNUYU

80 -

70

50

40

M, (kg/h)

30

20

19.27
Husking speed (m/s)

[7] 25 psi, 15 degree 30 psi, 15 degree ¥4 35 psi, 15 degree
= 25 psi, 25 degree f£3 30 psi, 25 degree P 35 psi, 25 degree
Ed 25 psi, 35 degree [ 30 psi, 35 degree EA 35 psi, 35 degree

d' ] <} A 1 ' Y
MNN 75 mmmmmiumﬁﬂzmwzwummmmﬂ (Mp) NIZYSHNITUINADYN

NZIMZAUALUNTINSINIG 50 mm
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~ = ' A ' VoA = = '
NINN 76 L‘]_]difJ‘UWIEJ'Uﬂ"I MP NFOIIWNLINIE 60 mm WU NYUIBIIATU 15 9371 AN
a y A X 4 < A 2 4 o 9 .
MP NLLHUTHNLWN"UHlil’f)ﬂ'ﬂﬂli'lﬂ']iﬂglﬂ1$lw1|"uu NANUAUADYNNSINIE 25 Lag 30 psi
= v A = ~ ~ = = A A o Y 2 X 1
FEUIAYINUNYUIDUIN T 25 93 NYNIBIIANTY 15 9361 UINBDANUAUADYNNSINIZIWNUU AN
~ vy A 2 ' < 1 a 1A A < v 2
MP M!Lujiuﬂlwmﬂluiu%ﬂﬁﬂ'Nlllﬁi')ﬂ’]iﬂ%ﬁ/ﬂgvlﬂlﬂu 16.86 m/s LUNUBDIWUANULTIUINNIINUU

=KX A

1 =~ 9 & o Y 4 X { = ~ A
M Mp tiuurTiyasauiionnuauaeenainuay Nyueeeniy 15 oeen Ia1 Mp gaga 44.27

A < A v 9 A A = ~ S
kg/h NANULIINITNEINIG 20.47 m/s NANUAUADUNNSINIG 25 psi NYULUINTY 25 939811 WA

Mp gaga 50.05 keg/h Mnniiyuidesndn 15 99m wdy AANWEINTNLINE 20.47 m/s #

v Y = = = A A <3
ANUAUADUWNNLINI 35 psi NYUIBYIATU 35 DIAT UAT Mp g3g@ 39.29 kg/h NANWITING

v ]
=1

~ v 9 A A = =) S Y 1
NINIZ 19.27 m/s NANVAUADUINNSINIE 30 psi NYUIBYIATU 15 BIAT WA Mp HIYNINYU
=y = 2 A = = A 9 1A v Y
REIATY 25 B3F NN 11.55% LUAZNYNIBYIATU 35 BIAT WA Mp HDYININANUAUADU NN

NZINIZ 35 psi 1N10U 21.50%

80 ~
70 )
= 60 -
=
R _
S 4 1
30 _ _{ i
2 Ay ju|
1 7 H
0 T m mi T
14.45 16.86 19.27
Husking speed (m/s)
[7] 25 psi, 15 degree 30 psi, 15 degree ¥ 35 psi, 15 degree
[0 25 psi, 25 degree EH 30 psi, 25 degree B8 35 psi, 25 degree
(<] 25 psi, 35 degree [] 30 psi, 35 degree BH 35 psi, 35 degree

A g o = \ "y
MNUN 76 ANNEINITD TUMTAZINIEHUINANINAA (Mp) NITYSTHWIETHINADYIN

AZIMENVAZLNTINGINIG 60 mm
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A A ~ A = = v Y LA
WONITUINTINN 27 WU HONNIDEIVEIATL 25 BIFN ANINAUADEYII 30 psi WAt Mp
linanaesnuneada nnszauvesihiieinadey laminiigan 40.53 kg/h ¥9919%0INZINTE
< o w {
40 1Az 60 mm ANVIFTINTNZNE 14.45 1A 20.47 m/s AWAIAL LAZAYUIBIATU 35 03
> 9 . A ] ] U an U w d’ s 1
anuaudeeanzimz 25 psi A Mp liuanaeiunieadd nszauvesladeinaaey fian
{ ] 1 < 1 < 1
WINNEA 29.58 kg/h ¥99INHOINZINE 40 mm ANWITINTNLINE 16.86 m/s 9819 15NA1M A1
A A A A 1 < A
nunfiga N 61. Y9919 0INZINE 50 mm ANUIETINTNZINE 20.47 m/s Ay
Mp q 61.05 kg/h |

a G 1 2 a J Ia A <
UIATU 15 9371 A1 MP ! "Qﬂﬂﬁ]ﬁ61“]?}1‘11!ﬂ'lﬁ']mi18Wﬂ13!ﬁﬁﬂﬁﬁ1ﬁﬁiﬁﬁﬂﬂiﬁﬂ mmmmﬂu

A ° =
mu"lmmwwmmwmzau



v < < 4 @
M99 27 anwannsolumsnzme lamnn@uwaa( Mp) in3esngimeunudonyuluuniseay (kg/h)

Mp
Space  Speed
15 degree 25 degree 35 degree
(mm)  (m/s)
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi 25 psi 30 psi 35 psi
1445 22.72+1.61"™  35.42+1235™  39.9+12.41™ 25.9149.01%  40.53+1.66°  31.80+4.65" 29.58+4.99°  29.43+1.88"  14.00+5.78"
16.86  22.40+6.53™  28.64+6.98"°  34.139.08" 40.9342.94%  31.68+7.42°  33.65+6.54" 29.01420.67°  21.57+2.35"  21.99+10.57"
40
1927  27.08+4.72  26.30+2.44" 44.39+8.50" 29.16+1.14™%  32.8549.53"  33.43+5.19™ 20.44+228"  22.96+336™  25.78+3.53"
2047 27.72+5.48™  18.39+1.23°  42.90+1.20 29.7141.86"  36.66+5.00"  27.34+2.65" 19.2946.61°  30.72+1.63"  18.48+2.00"
1445  18.5746.20"  34.99+4.13°"  41.22+10.79 12.0442.36"  30.39+20.54°  49.84+22.64° 13.67+3.39"  23.87+7.92"  24.31+3.28"
16.86  22.57+1.91"  38.71+8.87" 42.743.56" 264241037  39.37+13.62°  47.75+4.14° 13.06+6.89°  27.94+13.82"  23.22+4.31%
50
1927 35724955  51.31+5.31 46.38+4.18" 24.52+12.12°  36.6443.45" 23.14+1.64" 21.434521°  24.19+2.79"  19.37+1.36"
2047 27.2949.51°  61.05+10.8° 41.17+7.8% 32.56+5.88"¢  36.51+7.14"  45.87+7.81° 14.61£7.26"  26.10+4.76"  28.01+3.78"
1445  13.89+4.58" 15.44+1.45°  23.115.08" 28.9543.55°¢  23.20+6.85" 28.65+10.64" 21.11+5.28"  13.13+3.38°  20.12+3.08"
16.86  13.935.62°  23.9422.53" 28.86+15.64" 34.55+5.90"  35.23+5.70"  34.44+2.60™ 2225+12.68" 37.69+13.39°  31.59+17.17°
60
1927 35154549  29.02+8.38"  25.11+10.75" 38.46£4.27°" 37.72£17.66°  33.56+9.66" 18.39+7.84"  39.29+28.41° 20.77+12.49"
2047 4427+13.61" 34.89+12.47™  21.88+12.92° 47.9949.33°  40.53£9.94"  50.05+16.9" 28.43+7.13"  28.00£3.57"  22.01%1.18"

HANENR * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.

9¢l1



127

A A = ~ ' o A ] Y
1NM15199 28 MW 77 9 79 1f5eUNeUAIANNEINITO IUNITINOIU NTLILH1HB
' ~ vy A X A o 4 2 .
NZIME 40 50 waz 60 mm A1 M Tuud Ty HoANNAUGENNLIMLNNAUIIN 25 psi
3 X A A g i A A 9 A ' )] 4 2
1 30 psi usisoiinadlu 35 psi a1 M SulinunTinanad 1ozl ssos HIaRoINZIMSINLAY
' ~ y A 2 A ' ' Y A 2 = oqu '
a1 M tnun Ty teannyeaiemeluieangmzmiuay savi lvaunsa lananuin
9 v 2 X A 1 9 A ~ ~ ~ o Y
ure IamnAY Nszezeioanzinig 40 mm in M gegaiyuidesnss 15 03 aAnuauao
<3 1 y {0 [
G9NLINE 30 psi ANVIFTINTALINE 14.45 m/s A1 89.54 keg/h (MW 77) NF¥oINHBINLIME
' A A ~ = = v 9 . ]
50 mm A M Baganganyuidsansy 15 0381 ANUANGDINNZINIE 30 psi AWITING
1T W d' d' 1 1 Y 1 s 1
NZINE 20.47 m/s 1NN 177.16 kg/h (1WA 78) N¥DIINHBINLINE 60 mm A1 M - Tags
' ' - < Y
NEANYUIBEIATY 15 991 AWAURDIINZINIEZ 30 psi ANUITINTNZING 14.45 m/s 1NN

252.01 kg/h (7 WH 79)

60 -
50 H
40 -
30
A
=
5 !
<20 ]
& )
= ’
=
10 4 b
e
-
.
0 T |
14.45 16.86 19.27
Husking speed (m/s)
[] 25 psi, 15 degree [ 30 psi, 15 degree i 35 psi, 15 degree
3 25 psi, 25 degree F3 30 psi, 25 degree B 35 psi, 25 degree
EJ 25 psi, 35 degree [ 30 psi, 35 degree B 35 psi, 35 degree

A g o ~ , "y
MNUN 77 ANNENT0 TUMTAZIEHUAANINAA (Mc) NITYSTHWNIEHINADYN

NZIMZAVASUNTINGINIE 40 mm
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80 A
70
60
50
=
) -
240 - '
Ry
=
30 Il
.,
.,
20 .
o
e
10 o i
e
o
0 s
14.45 16.86 19.27 20.47
Husking speed (m/s)
[] 25 psi, 15 degree [7] 30 psi, 15 degree ¥4 35 psi, 15 degree
[ 25 psi, 25 degree E&] 30 psi, 25 degree EH 35 psi, 25 degree
9 25 psi, 35 degree [:] 30 psi, 35 degree E& 35 psi, 35 degree

a < < p \ "y
MNN 78 ﬂ'J']lJﬁ']ll']ﬁflil!ﬂ']ﬁﬂzW]’]gﬁiﬂﬂmulﬂﬁﬂ (Mc) NITYSHNITUINADYN
ﬂglﬂ1$ﬁﬂﬂzllﬂﬁﬂﬂ$Lﬂ1$ 50 mm
o g’/ < 1 A o g A 9y =) G o
ﬂ\iuuﬂ&ﬂu'ﬂlﬂﬁﬂﬂﬂ&ﬂWzﬁﬁJ15ﬂﬂ1\11uulﬂﬂluﬂGl“]ﬁgumﬂﬂﬂﬁﬂ 15 93811 LIl ANNAU

Y L 3 Y A v q ¥ o vy
A9YNSINE 30 psi ﬁ')uﬂ’Nll!ﬁ’)fﬂﬁﬂ$!,°|/]1$@lﬂ\'1lﬁf]ﬂﬂ‘i‘llsl°l’im1ﬂ$ﬂUﬁZEJgWWQﬁfJQﬂg!WWg



M, (kg/h)

70
60 -
50
40
30
20 o
R 4
.
10 T
R
0 1
14.45 16.86
Husking speed (m/s)
[] 25 psi, 15 degree 30 psi, 15 degree FA 35 psi, 15 degree
HH 25 psi, 25 degree EZ 30 psi, 25 degree B 35 psi, 25 degree
[ 25 psi, 35 degree [7] 30 psi, 35 degree B 35 psi, 35 degree

A g o ~ \ "y
MUN 79 ANUEINIT0 TUMTALIEHUINANINAA (Mc) NITYCTHWIEHINADYN

NZIZAUALLNTINSINIG 60 mm
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M3197 28 ANwesnlumshau (M) veuniesnzmzuuudenyulunuisga (kg/h)

Space Speed
15 degree 25 degree
(mm) (m/s)
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi
14.45 50.23+8.48"* 89.544+20.1" 71.59+16.88" 75.37+10.72° 86.45+14.92° 59.81+4.42"
16.86 51.75+6.39" 63.37+16.88" 64.41+£14.24° 84.77+1.76° 70.59+7.48" 64.39+48.84™
40
19.27 53.85+10.35" 61.97+10.56" 81.06+12.26" 66.41+4.08™ 67.39+13.88" 67.98+5.49"
20.47 53.00+8.38" 49.61+5.51° 84.69+1.21° 63.2848.46"° 82.69+4.92° 55.44+3.69"
14.45 89.64+12.65" 110.48+7.32" 97.22+26.08" 78.33+20.56" 86.55+34.17" 100.95+34.26°
16.86 68.34+13.38" 119.46+7.99% 98.52+11.02" 66.48+5.06" 97.04+44.64" 91.88+12.94"
50
19.27 86.09+9.88" 156.0249.05" 96.60+19.22" 62.6845.38" 78.72+7.07" 60.06:+6.93"
20.47 74.42+1.36" 177.16£27.16° 100.36+8.05" 65.90+2.73™ 78.05+5.00" 100.9+15.07°
14.45 129.94+27.81° 252.01435.21° 169.18+38.30° 130.41+11.15™ 103.27+36.35" 106.95+12.29
16.86 136.15+44.86° 222.45+76.19" 163.01:10.04° 132.25420.63™" 153.75+11.93™ 132.47+8.35
60 _ ‘
19.27 160.4+38.91° 208.65+20.00 145.00+19.97" 131.41+12.27* 156.62+82.42° 94.23+22.78"
20.47 159.06+31.39" 231.5749.35° 135.64+32.19° 120.03+9.78° 118.91+11.32" 143.89+27.07°

LENRE LY * The number after + is standard deviation and the different letters within each column are significantly different ( P <0.05) based on DMRT.
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M519N 28 (99)

M
Space Speed G
35 degree
(mm) (m/s)
25 psi 30 psi 35 psi
14.45 61.09+11.39"* 61.05+13.29" 35.08+12.67"
16.86 63.46£2.91° 53.45+4.52" 49.53+7.57"
40
19.27 50.14+1.25™ 49.58+9.93" 50.31+5.14"
20.47 47.16£11.00™ 62.3843.77" 42.3443.57°
14.45 47.6144.31° 66.09+24.81° 74.36+21.88°
16.86 43.7143.28% 68.09+28.16" 68.53+7.78™
50
19.27 42.68+5.10" 60.06+5.19" 46.39+5.26"
20.47 38.43+12.34" 58.99+4.01 79.34+12.84
14.45 98.78+7.15" 80.91432.13" 86.48+9.78°
16.86 98.3720.74° 113.83+5.82" 97.38+5.99™
60
19.27 94.59+10.26° 120.16266.71" 69.44+13.46"
20.47 87.11+10.19° 94.38+8.40™ 106.21£17.05°

HUEIKA * The number after + is standard deviation and the different letters within each column are significantly different ( P <0.05) based on DMRT.
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§ a A [ a < <
11n3190 29 nffeuiieudseansnimms lnasnulumswaavun@uman (Mg)
oA 9 = 1 = y A X A v Y
WU NFBITNNDINZINIE 40 mm (MW 80) A Mg Tuun Tdumnauilionnuaudes
4 X A A 1Y . A A = =
nzmzuay Taslian Mg gananuauaned 35 psi tasquniouNnyuineIniy 25 03f 92
Tian Mg gqegaileyuidensunlaonli Tash se919adeenzime 40 mm tian Mg gage
A [ Y ~ A = & A 4? 1 = 9
27.94 kg/kW-h 15997191090 2NIE 50 mm (AN 81) tioyudsans Uy a1 Mg luua Ty
3 Yo ' 5 1 a v & A ~ ~ K]
anag i lasalugiennuEimsnzmz Tt 19.27 m/s antuiyuidensv 15 ogen e

M gauaziiyuidoszudinaniiar Mg gefign 42.24 kg/kW-h innuiamsnzimig 20.47

=

A "y A A a 4 A X ' A y A X
m/s NEDIINHOINSINIE 60 mm (HIWN 82) LN@MNL@&Q@?‘ULWN%H 11l ME ullu’liumlwuﬂlu

=1

a ~ A A g ' v A a = 91
yudeeAs Y 25 0 oty 35 eemn a1 Mg naufiyuiensy 25 esnlia Mg gaige

q

29.67 kg/kW-h ﬁmmﬁamﬁﬂxmw 19.27 m/s

120 -
100
= g A £’ ¥
w - 1
: i : 4
o i ’
= ] i Al
L e m; i
sl %
40 A [ [l ui3 |l
. 1 ] H {l ;
i | e |7
20 | ul ui3 ﬂl
: 1] ] mi f/
1] ] HI3 A
1] ] N3 g/
0 A n <, g
14.45 16.86 19.27 20.47
Husking speed (m/s)
[] 25 psi, 15 degree [ 30 psi, 15 degree ¥ 35 psi, 15 degree
[ 25 psi, 25 degree B2 30 psi, 25 degree ¥ 35 psi, 25 degree
[ 25 psi, 35 degree 30 psi, 35 degree BH 35 psi, 35 degree

a < < A ) "
NN 80 AT TUMTALINIEHUIAANINAA (ME) NITYETHWIETHINADYN

NZIMZAUALLUNTININIG 40 mm



M, (kg/h)
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240 -
200 -
160 -
120
80 |
40 - :
0
Husking speed (m/s)
[] 25 psi, 15 degree [] 30 psi, 15 degree @ 35 psi, 15 degree
@ 25 psi, 25 degree B 30 psi, 25 degree B 35 psi, 25 degree
% 25 psi, 35 degree 30 psi, 35 degree B 35 psi, 35 degree

A g < d' ! " w
NINN 81 ANUAIND TUMTALINEHUIAANINAA (ME) NITITHTINITTHINADYN

AZIMZAVASUNITINGINIE 50 mm
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\.&1} » 5 S ] -
100 H [~p+ [ [+ | 1
g . b d :-: b |-; ik »
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. ] i E o ﬁ i
1 3 i AR 4
0 il ik . 25 i kel 4
| | |
14.45 16.86 19.27
Husking speed (m/s)
[] 25 psi, 15 degree 30 psi, 15 degree 35 psi, 15 degree
[T] 25 psi, 25 degree =1 30 psi, 25 degree B8 35 psi, 25 degree
Ed 25 psi, 35 degree 30 psi, 35 degree EH 35 psi, 35 degree

A g < A v "
HNNN 82 m1ua1n1m°lumaﬂzwnzmnﬂwmmaﬂ (ME) NITYSTTINITSHINADYIN

ALIMZAVASUNITINGINIE 60 mm

1INYoanNNENT TUNMTNZINE AUNINMININE 1AZAIWAINIT0 IUNTIaY
YOUNTOINZMZHIINUR VDG U TunTZA D NUNAYIBATY 15 DA 1HUIZATNS
a 3 Y A a Y <

aaaaneluiesnzimz iwesnnianuansalunmsnzime guaimlumsnzme lavniay
< ¥ o A o = 4

waa uaz Iianuansalumsmauve unioansmzge awaaalumsen 29 Tagmniziio

o @
1%ﬂ31ul53ﬂ15ﬂ31%13q3 ﬂ’ﬂllﬂué}mnﬂﬂzmw 30 psi



ms19hi 29 Usz@nsammsldnasnu ( Mg) veunsoenzimzuuudenyulunnisza (ke/kw-h)

Space  Speed ME
() (m/s) 15 degree 25 degree 35 degree
mm S
25 psi 30 psi 35 psi 25 psi 30 psi 35 psi 25 psi 30 psi 35 psi
1445 15.16£0.93"*  23.83+826™  24.78+6.82" 17.6145.00°  27.94+225" 23.16+4.73" 21.5942.94"  21.0242.40°  29.20+2.70
0 1686  14.38£1.27°  19.53+4.63"™  22.29+6.63" 27.34+1.79°° 22474532 22.96+4.63"° 21.49+16.09°  14.87+2.00°  30.29+10.85
1927  17.6240.72"  17.59+2.08"°  30.28+5.30" 20.67+0.81°¢  23.5945.39" 23.41+3.91" 13.85+2.07"  16.96+3.23"  33.64+2.17"
2047  16.4245.71°  12.96+0.81°  30.18+0.97™ 20.58+1.88°¢  25.53+3.00"  18.07+1.13" 14.28+4.26" 21.34+1.03"  31.66£2.01°
1445  12.98+4.75"  24.92+3.64™"  29.72+6.75" 7.87+1.13°  21.79£12.97"  36.66+16.35" 9.0742.44°  17.055.12"  24.16+7.33"
1686  14.3622.04°  28.78+7.90°  29.38+4.01™ 18.147.04°  28.0749.04°  32.44+2.78™ 9.45+5.00°  19.97+9.76"  24.91+7.02"
50
1927 21.3246.23%  38.06+2.53"  31.7942.56° 17.8849.29"  24.9742.66°  15.89+1.20" 14.66+3.27°  16.58£1.25°  28.69+1.26°
2047  21.724935%  422445.06°  30.17+3.78% 23.1144.61™  26.60+4.33"  33.59+5.87" 10.545.09"  18.51+1.58"  25.76+3.81%
14.45 10.41+4.09° 11.40+1.83" 16.4543.34" 20.96+2.85  16.74+4.58"  20.47+7.12" 15.14+4.61" 9.50+1.96"  13.87+1.91°
16.86 8.53+3.57° 17.81=17.71"  20.53+10.82" 24.8544.66°%  25.19+4.94" 25.64+1.85" 15.61£7.93°  27.1348.83° 22.46+13.37"
60 ,
19.27 27.08£6.10°  20.97+7.48"  18.4248.04" 27.7743.42%  29.67+13.46" 24.79+7.56™ 12.89+5.18"  29.06+20.99°  15.89+10.26°
20.47 27.74+634°  26.07+9.45°  15.98+10.06" 33.1547.36°  27.9247.02°  37.00+13.55° 19.58+4.68"  20.48+3.89" 15.71+1.79"

HINYLHN * The number after + is standard deviation and the different letters within each column are significantly different ( P < 0.05) based on DMRT.
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M3199 30 YUIBBIATY 15 0977 LAZANUAURDEINZINE 30 psi N 1HmANUaEs0 luMsNzME AaMUHINIELANUEITTD TUMSTNUYEY

w3panzIMzia
anwuawnsnlumsnzmezla anuamsalums AWUNINNT Awangalumsham
Space Speed (%) ﬂzmw“],ﬁhfawMﬂ (%) NeINe (%) M M M
(mm) (m/s) 1 ¢ E
Phuskead Pun Priesh Py Pyr Py e (ke/h) (kgflowh)
14.45 77.59 22.41 81.83 18.17 97.99 2.0l 354241235  89.54+20.10  23.83+8.26
16.86 83.33 16.67 81.71 18.29 98.76 1.24 28.64+6.98  63.37+16.88  19.53+4.63
0 19.27 90.22 9.78 74.26 25.74 95.58 4.42 26.3+£2.44 61.97+£10.56 17.59+£2.08
20.47 85.27 14.73 80.78 19.22 94.83 5.17 18.39+£1.23 49.614£5.51 12.96+0.81
14.45 65.08 34.92 80.80 19.20 99.23 0.77 34.99+4.13 110.48+7.32 24.9243.64
16.86 75.25+ 24.75 81.11 18.89 97.48 2.52 38.71£8.87 119.46+7.99 28.78+7.9
» 19.27 70.55 29.45 85.40 14.60 98.79 1.21 51314531  156.0249.05  38.06+2.53
20.47 69.16 30.84 81.54 18.46 96.42  3.58 61.05+£10.80 177.16+27.16  42.24+5.06
14.45 20.07 79.93 83.21 16.79 100.00  0.00 15.44+1.45 252.01£35.21 11.4+1.83
16.86 27.00 73.00 92.61 7.39 97.06 2.94 23.9+22.53 222.45+76.19 17.81+17.71
0 19.27 35.09 64.91 91.47 8.53 98.18 1.82 29.02+8.38 208.65+£20 20.97+7.48
20.47 34.64 65.36 91.46 8.54 100.00  0.00 34.89+12.47  231.5749.35  26.07+9.45
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m519i 31 1Weuineuanuansalunmsneme AUNINNITNSINE !Lﬁzﬂ’]']llfﬂu']'iﬂcluﬂ']’iﬁ%ﬂuellﬂQLﬂ%@\iﬂ%lﬂW%ﬂN?ﬂLlﬁlﬁlmﬂ 2 ﬁ’a‘wyu

TunuaszaU (Model 1) taguuudeviyuluuuse iy (Model I1)

anuansalumsnzime ¢

anuansolumsnzme

AUMNMINZINE ANuesa lumshau
Specd %) Idifonnn ) %)
Machine % AUBHUIN (% % M M M
(m/s) P C E
Pruskea Pin Priesn Prun Py Py (kg/h) (kg/h)  (kg/kW-h)
14.45 65.08 34.92 80.80 19.20 99.23 0.77 34.99 110.48 24.92
Model 1
16.86 75.25 24.75 81.11 18.89 9748 252 38.71 119.46 28.78
14.91 99.53 0.47 57.74 4226 5178 4822 38.97 149.90 11.84
Model II
16.29 94.86 5.46 61.71 38.29 83.08 16.52 59.61 131.13 28.63
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a A v
3. MsfSeuneunIensMeHINNUTA 2 HuY

4 F) o Y [ [
manfseueuniosnzmziuy 2 deryulunuiszauuazuuudonyulunuiszay a9
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waaalumsan 31 nfSeumsudiuvesnnuansa lumInsmzuazauMWMINZIME NIz
[ 1 Y 1Y) dy < Y A @ 1 A
FDIINHDINLINE TEAUANVFY tazANUEINTNZMIz 1ndRe9nN Y WU IATINMIZTHUIN
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Size Dimension by average diameter (mm)
Small (S) 32.00-37.00
Medium (M) 37.01-41.00

Large (L) 41.01-47.00
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Weight of whole fruit (g) Weight of kernel (g)

Week
Small Medium Large Small Medium Large

0 25.16£2.57"%  32.25+4.03° 49.34+7.29° 11.5942.85" 15.9443.15° 15.47+3.18°

1 12.8542.71°  18.0843.64°  24.76+3.37° 11.7442.57°  13.9142.88° 15.44+3.74°
2 10.0642.01°  14.4042.34°  18.93+2.43° 9.87+1.50° 14.60+2.82° 17.73+3.31°
3 9.92+41.78"  13.37£1.67°  16.6542.17" 7.9742.04°  10.97+2.71° 12.53+2.20"
4 1155£11.17°  1229+1.78" 16.2942.25" 6.9942.05° 10.78+1.61"  9.85+1.52°
5 0.60+1.47°  12.06£1.70°  16.83%2.66" 7.23+1.50°  10.70+£1.68" 10.43+1.48"
6 9.2541.73" 12.81£1.62°  15.11+1.94° 6.60+1.73"  9.33+1.81° 10.27+1.39"

HIYHA * The number after + is standard deviation and the different letters within each column

are significantly different ( P < 0.05) based on DMRT.

Y ' 2 o < < o 1A
ﬂ]SNN‘H’Jﬂﬁ 3 fﬂlf]ﬁfmLﬁfﬂjuﬂ’iuﬂNal,l,ﬁ$Lllﬁﬂ‘l’ill1ﬂ"llu1ﬂmﬂ!lazﬂﬁ1\1ﬂu1’ih1ﬂﬂlu1@1ﬂmuﬂ

g dl Al U
ANUFURAUUADSISAD

Average Weight of fruit (%) Weight of kernel (%)
Moisture
Week
content Small Medium Large Small Medium Large
(%)
0 70.45 51.00  65.38 100.00 74.88  103.01  100.00
1 51.08 51.88  73.03 100.00 76.05  90.09  100.00
2 39.80 53.17  76.10 100.00 55.64 8233 100.00
3 15.28 59.56  80.26 100.00 63.58  87.54  100.00
4 13.20 7090  75.44 100.00 7095 109.52  100.00
5 11.57 57.03 71.65 100.00 69.33  102.56  100.00

6 .61 61.24 84.78 100.00 64.29 90.91 100.00




d‘ 1 [ d
MIWUINT 4 vinawarivn luaasddan (mm)

Week Dmax Dmin h
Small Medium Large Small Medium Large Small Medium Large
0 37.48+1.93 41.08+1.33 48.934+2.59 36.99+1.37 40.33+1.43 47.77£2.46 44.95+2.54 48.14+3.37 52.88+3.74
1 32.77£2.05 37.2042.17 41.2642.15 32.09£2.15 36.3742.35 40.20£2.22 44.38+4.19 47.8844.21 54.42+6.20
2 32.8741.70 37.44+1.44 41.99+1.86 31.9242.49 36.84+1.59 41.06£1.71 40.28+3.81 45.11+£2.74 48.86+2.86
3 33.96+£1.56 37.59+1.61 41.78+1.80 33.21£1.51 36.86+1.77 40.88+1.94 39.43+£3.09 45.41+2.81 49.31+2.47
4 34.26+£1.51 37.16+2.30 41.694+2.27 33.31£1.56 35.66+2.17 40.42+2.38 42.43+4.11 46.41+4.33 49.64+5.96
5 32.2241.97 37.4442.19 42.6442.66 31.51£2.07 36.4242.01 41.23+£2.37 45.55+4.26 48.72+5.17 53.40+5.03
6 33.65+£1.79 37.86+1.53 40.28+2.05 32.31+4.63  37.09+1.53  39.49+2.09 41.89+3.47 45.15+3.19 47.43+2.52

SSl



3 < 1 o d
ﬂ"lﬁ%iﬂi!:lﬂﬁ 5 "Umﬂmaﬂ‘wumﬂm"umﬂWaslmmazﬁﬂmﬁ (mm)

Week Dmax Dmin h
Small Medium Large Small Medium Large Small Medium Large
0 29.01+£2.73  32.82+2.87 32.50+2.72 28.1142.69  31.56+2.51  31.20+2.52 21.4243.07 24.35+1.34 24.2842.96
1 29.434+2.04 31.28+1.83 32.58+3.44 28.1742.03  30.36+1.74  31.19+2.87 21.53£2.14 23.31+2.65 24.17+2.71
2 27.46£1.86 31.64+2.28 34.40+2.41 26.28+1.67 30.31+1.86 33.06+2.37 22.18+1.21 23.64+1.18 24.48+1.82
3 26.86+2.12  30.67+2.96 31.81+2.56 25.73£2.01 29.49+2.71  30.50+2.29 19.18£2.10 21.95+£3.07 21.29+1.34
4 27.78+1.97 29.32+2.75 29.15+2.41 27.20+3.32  27.74+2.47  28.03+2.22 19.53£1.88  20.65£2.56 19.93£1.18
5 25.9342.21 29.004+2.58 28.90+1.67 24.8542.12  28.03£3.16  27.54+1.53 19.49+2.90 20.344+2.43 20.75+1.91
6 24754211 28.97+2.17 29.21+£2.02 23.80+2.27 27.484+2.65 28.04+1.76 18.58+2.17 20.414+2.29 20.08+1.55

9¢1
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F0IN14UT (mm) ¥0IN1909N (mm)
40.00 13.50
50.00 22.00
60.00 33.00

o 7\

ANVFUAININ 10% (w.b.)

AWFUFINTI 10% (w.b.)

H Ql 1 ti‘ \ 4 % 1
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