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Chanida Bupata 2007: Development of Rose Apple Sizing Machine. Master of
Engineering (Agricultural Engineering), Major Field: Agricultural Engineering,
Department of Agricultural Engineering. Thesis Advisor: Associate Professor

Bundit Jarimopas, D.Sc. 139 pages.

This research was to determine the factors affecting design of rose apple sizing machine
and relatively develop a mechanical sizer. Methodology comprised determination of inclination
angle of sizing belt and thickness of foam cushions, design, construction, testing, engineering
and economic evaluation of the prototype. The prototype featured 390 mm wide by 1,510 mm
long by 765 mm high rectangular steel, 10 cm wide by 1,270 cm long sizing belt,

600mm X1,100 mm receiving tray, 60 watt 220 v 50 hz electric motor drive with 18:1 gear

reducer. The prototype was tested with one operate and under the control of four factor, i.e. rose
apple cultivar (Toonklao, Tubtimjan and Thongsamsri), fruit size (small, medium, large), belt
velocity (7, 15, 22 and 29 m/min) and inclination angle (75, 80, 85 degrees). The prototype
performance was evaluated in term of mean contamination ratio g , sizing efficiency E, and
capacity Q by mean of ANOVA and Duncan Multiple Range Test. Results showed that the
proper foam cushion was 20 mm and the receiving tray was properly set at 15 cm away from the
sizing belt to protect fruit bruising. The inclination angle and belt velocity significantly affected

a , By, and Q at the significance level of 5%. The proper inclination angle for Toonklao,

Tubtimjan and Thongsamsri was 75, 80 and 85 degrees. The proper belt velocity was 22 m/min

for every cultivar. For Toonklao Q, C and Ey, were 471.8 kg/hr, 15.2% and 84.8%
respectively. For Tubtimjan Q, a and E,, were 609.1 kg/hr, 14.5% and 85.5% respectively.
For Thongsamsri Q, q and E,, were 662.0 kg/hr, 13.0% and 88.3% respectively. Break even
point and pay back period were 57.5 ton/yr and 5 months respectively when the prototype

worked 1,600 hr/yr with hiring rate of 0.1 baht/kg.
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@ 4 Y
ugyamnan
d QRN
ANUTITYNIU Q Cy E,
(m/min) (kg/hr) (%) (%)
11 265.46+11.81° 16.30 +2.88" 84.06 +2.76"
21 313.13 + 10.73" 17.91 + 448" 78.76 + 8.16"
31 342.44 + 16.41° 19.90 + 1.51° 79.90 + 1.47"
31 (Hlou 2 au) 602.09 +25.01° 19.36 +3.33" 80.70 + 3.25"
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ms1ei 14 MadSeuieuaunfovesaussousMsAavLIa azaNuAaNaIa luMIARYLIA
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J a J
UTNUNUIUN

AMUT AENEWIY Q C, E,
(m/min) (kg/hr) (%) (%)

11 458.00 + 24.16" 17.11 6.75" 83.39 £ 6.02°

21 547.80 +21.89" 19.39 +3.50° 80.61 +3.50

31 54833+ 11.75° 26.71 + 6.05° 7221 +7.71°

31 (Jou 2 Aw) 1084.53 + 49.98° 22.35+4.44" 78.14 + 3.88"

[ 1 4 1
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a o A, ~ v o w
A3 19825 DMRT Nszauiiodifny 5%
2. FAAVHAAUATOINNIBVINAY HUIBDIAT SD
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uinesawd
ANT IENEWIY Q C, E,
(m/min) (kg/hr) (%) (%)
11 488.61 + 14.39" 19.43 +3.33" 80.57 +3.33"
21 581.39 £23.74" 21.24 +3.34" 78.74 + 3.28"
31 605.85 + 14.27" 23.18 +£2.62° 76.82 +2.62°"
31 (Hou 2 Au) 1149.67 + 56.13° 21.35+2.67 78.58 +2.63"
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m/min 93 161 C ficdwaztiar Q figeeg fio Q My 313.13 ke/hr, C, 1M 17.19% oz

E,, (M1 78.76%
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soumenuin1d Q gega Ao 31 m/min Taotlou 2 au vz14 Q, C, Uaz E, 1N 1084.53
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o T W . 1 < .
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~ 73 o a a4 o o & v
A1319N 16 Lﬂﬂil%u&ﬂ’)"l‘lllﬁﬂﬂwmﬁEJi]"Iﬂﬂﬁﬂﬂ‘llu"lﬂ‘llﬂﬂWN‘ij‘lgﬁlﬂﬁW

ANMNIS BN % AEIEmAY
VUIA v
(m/min) % Lan 119 0aon

S 0.00£0.00 3.67+11.60 3.18+7.83 184+1.17

21 M 0.00£0.00 0.00+0.00 3.01+£9.52  125+0.57

L 0.08+024 1.55+4.89 9.76+13.07 181=1.11

S 0.31 £0.63 0.00 £ 0.00 6.07 £10.33 1.06+0.48

31 (ﬂ@u 2 AU) M 0.05+0.11 0.00 £ 0.00 15.19+7.48 1.82+1.51
L 0.14+0.29 336+7.85 18.60£1.62 229+1.14
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ANUIS AN % ANUFEBIRAY
YU >
(m/min) $ uan 119 naoN
S 0.00 +£0.00 0.00 +0.00 12.19+ 1299 1.07+0.71
21 M 0.03 +£0.07 0.00 £0.00 26.00£19.24 1.38+0.57
L 0.00 +0.00 0.00 +0.00 12.19+£12.99 1.07+0.71
S 0.02 £0.07 0.00 £0.00 13.96 +8.80  0.86+0.88
31 (flou 2 Au) M 004008  000£000 21371603 0.66%0.65
L 015:030  000£000  922+7.64  0.86+049
maai 18 WediFudamuidumendsanmsdavuaveniuinead
ANUE AN % ANUIEEEIRAY
YA >
(m/min) ¥ AN 119 000N
S 0.00 £+ 0.00 0.00 £0.00 1492 £22.52  0.47+0.47
21 M 0.03£0.11  0.00£0.00 2229+18.72 0.32+031
L 0.00£0.00  0.00£0.00 15.00+1522 0.41+0.48
S 0.03£0.10  0.00£0.00  1044+855 0.45=0.47
31 (flou 2 Au) M 0.03£0.10  0.00£0.00 17.41+13.04 0.18+0.21
L 0.01£0.04  000£0.00 13.80£933 0.21+0.22
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17.40 U191 1Az NANUTIFWNIY 31 m/min 1RAY 14.85% 1Az 13.88% ANE1AU 588119
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Inunnigaiiosnnierasuyananmernududsunduniowaiiszeziganu i
@ o Y a o Qd? v o 9 A =S 09/’ =

nszunniuasIuIn ldiinadntivy Tagiugnanamnuau@eneuniu w1z
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M3199 19 M3lseuneuamasvesnnuEanaInluNITAAYLIA LAZANTTOUTMIAAVLIA
FENINMIAAVUIAAIGLTINY, IATBIAAVUIA LAZIATOIRAVUIATINA VAN

o A o =
AUAVNNUTNOITTVE

aNuAanaialumsAavLIa gussouzlumsaavun

ABMIAAVUIA
(%) (kg/hr)
TAA811T 9911 53.97 +10.23 211.1 +0.98
IATDIAAVUIA 12.96 + 4.24 662.03 + 31.89
IATDIAAVUIATINAY
. 21.35+£2.67 1149.67 + 56.13
AN ANGRIGEN

Tuilagiiumsaavunasuy ldussnuaulusa 9na151e0 19 WSeuioumsna
4 @ o 1 dyd A ) @
PIAABUTINULAZIATEIAAYUIA Taonssnuasnanibiunssnuidanudnglumsnaa
1 Q) 1 Aa o 1 ]
ynanaruiued1ed anuranaalumsnaunavewssnum lAninmsguasnnayuy
~ I 9 o I 1 uaJ‘ = 1 A o
usanuilugduunesmiluyaan g 9101 UATIIADUVNIANILAUVLIANT INIHUA
9 1 [ 9 A @ [ vy 1 9 @ = Aa
13 wuhmsfavinadiemissnavinasmunsadavina ldisinnlsaudauazinnuianaia
TumsAavuatiosndt AenTesannsona lang 1149.67 kg/hr LazAavIARALNES 21.35%

Tuvazinms l¥audavinvzaninsadald 211.1 kg/hr LaZAAVUIARANAIADY 53.97%
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d‘ 1 Y 9 d' [ ]
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319MI I RTINS,
1. watnes i 220 v % Hp 2,300
2. yaIfosna oA INA 18:1 1,500
3. 11ANRIN 1%"><1%" 1,700
4.§ﬂﬁ1/}£” 1,900
5. danuau (mSowgilnsal) 2,600
6. gl 1,700
7. EEWIUIUY 2,000
8. Tavie 2,500
9. vloari 800
10. A auazlsznouneg 8,000
srumlgeimualumsadiunsestavug 25,000

1. wamsdszdiualynglumsautiums

mlFnelumstinuveanios fualanindunuaai (Fixed cost : FC) tazdunu
111)5AY (Variable cost : VC)
AUNUAIN (Fixed cost: FC)

9 9 9
%

o 1 P d' a <K [ [N [ 9
JUU ﬂﬂ%ﬂ?t’]“l/llﬂﬂ‘uu“l/]\iﬁilﬂﬁluﬂﬁﬂﬂGIJL!'IﬂWacﬁmm/ﬂjﬁﬂiuﬁTMﬁf]“lﬂulﬂmﬂ

AC=FC+VC
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: (P+5)
AndsTonalumsaanu R=—5Xi
2
Taei
A a Y & Y 2/
P = FIMFONTOAS 1NToNAVLIAKA 13T (1UMN)
L = p1gm3lFnuaiosnavun = 10
S = IAUATUNOATY 101) = 0.1*P (L)
D = AndeusAl wmAal)
R = anaeTomalumsasnual Al
. 2 dy =
i = 9n31A0NIY R 7.50% @01
o Y A [ 1 = A
fvuali FIAUATOIAAVLIATLIY (P) H31A1 25000 VN (15199 5)
, A a4 2 A A A
yasanIesloiodugallin 10 AUKAD 10% Y0ITINUATD
v dy T A 1 v =
o3 1noN LAl 1AL 7.50% A1) (17 INBI8U 2549 TUIAIINTIANN)
v 2 4 10
WY IMEINATE= | — [X 25000 =2500 UM
100

(25000 —2500)

ANAouIIA (D)= = 2250 1Al

10

- 25000 + 2250 7.50 .
andelomalumsaau R) = | —— |X| — [=1021.875 VAl

2 100
swAuNuAsiiael) (FC)= 2,250+1,021.875 =3271.857 1/l
éfunuu,ﬂﬁ W1l (Variable cost: VC)

A111795N Y1 (Maintenance) AARASUTZUUIUAL 5 VIN 111911 200 T1 A1LINITNYN

10U 5 X 200 = 1,000 V1NA01

' Tdhvvaeay 3 v dualaedIvi 0.2 wuaea Tue Tu 1319w 200 Fu

[ v Y @ o
ATV NINUTINIUIUAE 190 UIN N19U 1 Al
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wiu VC = mdaussnu (w) + il ) + anhgesamn (v

AWTINY (W) =1 X 190 X 200 = 38,000 110/
a1l () —02X3X8X200 =960 A
ANTITNY (M) =5 X200 = 1,000 U/

sAUNUUTAY (VC) = 38,000 +960 + 1,000 = 39,960 1/l

amldnenmun (AC) = Aunuasi (FO) + Aunuualsiu (VC)
=3,271.857 + 39,960
= 43,231.857 & 43,232 VAl

14

2. QAANTHYDUNTOINAVINIATHY

o Y1y zﬂ' (% 1 [ -} 1A Y] = zﬂ' o
MnualnA191UAT0IAAVIATLWININD 0.1 nasn lansy Tu 1 TnTeaia1u 200
1 [ Y 1
Ju Juag 8 ¥ 19 anvenusa lumsiiaumae 580 ke/hr AainnIosausomanld
928,000 nNn./AJ

Y
v o

WUYARUNUVDUNT OIAAVLIAFNYNIITUIIN

. F
N =——
p—vVv
Tagh
N = Ysmnamaangafununod
Y A
F = AUNUAIN
p = SIMVIADNUY

v = Aunuuilsiuaeniiie
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* 3,271.857

N =
(O.l - (39,960/928,000»

= 57.461.83 nlaniuAl = 57.46 auAl

3. S2ETNAAUNY

Y1 v Y 9 d‘ [ [ %) T A [ = d‘
1ns1e ldmsudnldinTesdauuiaauyuiny 0.1 vmaen Tansu lu 1 ThinTeq
v [ k4 [l
W9 200 1 Tuae 8 ¥ Tue anvenusalumsmaumae 580 kg/hr A9 ATEIEINNTD
=R A

a4 928,000 an.Al dariudaise1d 0.1 X 928,000 = 92,800 1N/l

o = 9
MIAUIUTZEZAUNUNT 1ADIN

MC
PBP=—
P
P=R—AC
Tagfi
PBP = sreznalumsaunu (1)
MC = mlFelumsatiaunios ()
= Mls @i
R = 51918 (Al
AC = l¥sreranun (Uil
Mls p) = 92,800 — 43,232

— 49,568 1N/

sraznaAunu = mldnelumsadiunios (MC) / f'ls (P)
= 25,000 / 49,568
=0.57)
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o d
MIMUIURIVHIANDINDS
MIATUIN

1. M3vlsmnamsvuaiegaga

w1'ld0n (Yayrydng, 2524)

IGmnx =QSth‘< XGSt (21)
A S o w V&
o I = hmindaguunieaes T, kN/hr
" Y Y v
Q, = wruruTaguunie, ¥/ 1N

Y

9 2
= dminvesruiaquaaz ¥y, kN

st

[
=1

- ﬂ')"lll!gflﬁ"IEJW"luqxifIﬂ =12 5'0‘“/1”ﬁ ﬁ?ﬂWTuﬂi%ﬁﬂmuTﬂﬂ’n 2.55m.
CLANUS WU = 12 X 2.55 = 30.6 m/min 30 (M1 0.51 m/s

- BN 1 WA R 106.231g = 1.042 N

3600 X V
= (22)

St max
It

min
4 <
(53] A% = ANULIIVIITEYWIU, m/s

1 9
It 52HL U0 INA 1]

AH[AHN | FUYGNT 2

11112 m

MUHUIDN VT T282HNTERTIIRATUY TuaewIL
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3,600 X 0.51
Qst =
0.1112
= 16,510.79 Wa
DEANRY]
IG = Qstm X Gst
I, =16,510.790(1.O42><10_3 kN)
=17.20 kN/hr
s ' 17.20X1,000
ajuaz lasasimsvuae - =1,753.31 kg/hr
9.81

o < s
2. MIMUIUANNLIITOUUDLADT

] -4 Qy o
idurigudnanvesgnnasiudeniu=2" = 0.051 m

7ZD=7Z'(0.051m)

=0.160m

m
30.6——=0.160 X RPM

min

RPM =191.25 581/41%
3. MIMAEINBIN0s

4 A 3
- mﬂwmmﬁauwﬁ'wmmm 0.51 m/s

- EEWIUAIE 20 cm = 0.2 m.
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NNFAT q, =600B (23)

A Yy 9
$V3} B =1 ININTYNIU

AU
q, =600X0.2
=120 N/m
Masvuaenvlal
P ZqO(L-i-LX)fOV (24)
- ANVIITIWIUNAAVUIANINY 1.12 m.
o & N m
iy P :(120 —j(1.12+45)(0.03)(0.51—j
m S
= 84.68 W
P =Qlf, (25)
v 2 N
iy P =| 0487— |\1.12m )(0.04)
S
=0.02
PT :Pe + Pm (26)
e P, = fasdmsuaewu
P = Maesdmsuaemula
P = fasdmsumsinaeundag lunuiuou
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A9 P, =84.68 +0.02
=847 W

[

o I Y
N1IAIUBDIABDTNABDINIT

JY o A

1 A Y I ld'sl =] 9 1 o o o =~ A A
AP, ‘VIVlﬂL‘IJl.lﬂTVIﬁE)"ll°UG]N‘L!@8ﬂ31ﬂ1ﬁiﬂl@ﬂbﬂ£@]ﬂi@luﬂ1ﬁﬁLu@ﬂiﬂﬂuﬂﬁiji‘glﬁ&m

v
szuumenigs ;i lddseansamisnavosuemas i = 90% @etiu

P
N=—"1 (27)
0.9
84.7
N=—o
0.9
=9411W

Y
v o

datiudonlduomesuuna 100 w lumsnadou

ﬂ1§?‘i13~43~l!§ﬂ\‘iﬁ1ﬁlw11’!

Tumsmyudessvesarewiunlslumsnavuaamnson 18910 profile waruw (nw

{ [ | 1 v @
HUINT 12) TAgdA Max Diameter = D, X 114528% Diameter NA118A19A Slope Y04 Surface

T { Q' 1 2 ng 4 d Q‘ 1
suyiisuasuntlas duiuiied X Aiyasunlasy Slope

as A 9 v & eﬂ// 9 LYY 9 = F2
Fmsfe amnduntiananalwa 9ntuaInidy Slope AanuiduLLaNIna1IWa 9z 19
Y
Y a3
a RTUUTW h, wag h, 18 Aenunsom oL anaums (28) 14 nazag Idyudesareniu®)

NTUNT (31)
MIAUIULAZDONUU

11D D = Max diameter

. { v Y = {
= 5282910 max diameter 019 9A7 Slope AANUIAUILNNINANKATNYA a
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Y
v

QD BIDIT BN

[

0=90-« (28)

A 1 = vy
170 mmagmam"lﬂmﬂﬁumi Q)

L, 2h,
0 , =tan —— (29)
D
_, 2h,
0 , =tan —— (30)
X
1o X = 328% Diameter auUonNU Slope
h, = 3202910 X 09 3A7 Slope AnNUIdUIIININAINE
Y] us/} Y = e 1 +e 2
vz 1dyudesaeniu 0= —2= (31)
2
f : .
g ﬁ
x'l
A / 3 Slope Guwdou
X
N z ¥ %
h\
h2
o
yo amdeemenu (g NIWUAAA Profile HATNY
a .
G—— LAULLNNINAIHA

MWHHINN V2 ANBULNIINT Profile WATNIY
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_; 2h
1wl 0, =wn 't
D
_, 2%95
e 1 = tan
60

0, =72.47 o3

—1 2h
o ezztan g
X
_ 2X77
e 2 = tan
51

0, =71.67 0am

4 0 +0
aatiuag Idyudesanonu 0 :(4
2

7247+ 71.67
0 :(—)
2

0 =72.07 oam
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MINWHINT Al FUTTOULMTAAVUIA, ANNAANAIANTAAVLIA uazlszansnmlunis

J 9

AAVUIA VBIWUFAINA

MYNIDBIBNIY 75 DIA

74

<
ANNITITOUTIIWIN (m/min)

szinunansaauuIa
7 15 22 29
376.55 385.43 497.52 500.04
409.15 436.29 493 .33 517.34
Q
370.08 404.83 441.92 494 .99
(kg/hr)
394.47 391.35 486.36 510.70
376.81 407.22 440.04 523.77
Avg 385.41 405.02 471.83 509.37
SD 16.07 19.71 28.45 11.90
Ccv 4.17 4.87 6.03 2.34
5.53 12.77 16.08 13.47
_ 4.63 10.75 13.75 14.72
CR
12.68 6.06 16.38 8.66
(%)
2.74 16.02 14.22 13.71
7.60 14.19 15.37 12.70
Avg 6.64 11.96 15.16 12.65
SD 3.81 3.82 1.14 2.35
Ccv 57.34 31.95 7.55 18.55
94.47 87.23 83.92 86.53
95.37 89.25 86.25 85.28
E
v 87.32 93.94 83.62 91.34
(%)
97.26 83.98 85.78 86.29
92.40 85.81 84.63 87.30
Avg 93.36 88.04 84.84 87.35
SD 3.81 3.82 1.14 2.35
CV 4.08 4.34 1.35 2.69




MINWHINT A2 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uazlszansnmlunis

J 9

AAVUIA VBIWUFAINA

MYNIDBITIBNIY 80 DIA

75

szinunansaauuIa

<
ANNITITOUTIIWIN (m/min)

7 15 22 29
389.14 411.19 435.59 496.13
380.00 393.16 448.20 490.27
Q
376.35 421.40 452.57 443.70
(kg/hr)
363.73 455.32 429.37 470.15
373.36 423.56 427.39 455.19
Avg 376.52 420.93 438.63 471.09
SD 9.29 22.67 11.26 22.35
CV 2.47 5.39 2.57 4.74
10.51 14.88 19.19 18.12
_ 15.86 14.47 14.08 22.61
C
R 10.84 12.57 16.26 18.47
(%)
8.29 7.96 23.75 23.29
9.47 6.78 16.90 21.17
Avg 10.99 11.33 18.03 20.73
SD 2.90 3.74 3.68 2.36
CV 26.37 33.02 20.39 11.37
89.49 85.12 80.81 81.88
84.14 85.53 85.92 77.39
EW
89.16 87.43 83.74 81.53
(%)
91.71 92.04 76.25 76.71
90.53 93.22 83.10 78.83
Avg 89.01 88.67 81.97 79.27
SD 2.90 3.74 3.68 2.36
CV 3.26 422 4.49 2.98




MINWHINT A3 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uaztlszansnmlunis

J 9

AAVUIA VBIWUFAINA

MYNIDBICIBNIY 85 DIA

76

<
ANNITITOUTIIWIN (m/min)

Usziiumamsnavuia
7 15 22 29
460.25 470.76 463.53 519.03
451.90 478.49 540.71 564.96
© 450.64 468.76 494.33 530.33
(kg/hr)
458.33 467.82 447.42 538.74
458.03 483.57 465.39 517.95
Avg 455.83 473.88 482.28 534.20
SD 427 6.85 36.78 19.21
cv 0.94 1.45 7.63 3.60
23.98 17.95 13.98 13.71
_ 23.07 20.68 23.92 14.33
“r 2230 13.75 18.95 17.06
(%)
25.98 20.78 18.23 1745
21.11 20.59 8.91 14.62
Avg 23.29 18.75 16.80 15.43
SD 1.84 3.04 5.65 1.70
cv 7.88 16.20 33.62 11.02
76.02 82.05 86.02 86.29
76.93 79.32 76.08 85.67
B 77.70 86.25 81.05 82.94
(%)
74.08 79.22 81.77 82.55
78.89 79.41 89.45 85.38
Avg 76.72 81.25 82.87 84.57
SD 1.82 3.04 5.10 1.70
cv 2.37 3.74 6.15 2.01




MINWHINT A4 FUTTOULMTAAVUIA, ANNAANAIANTAAVLIA uaztlszansamlunis

77

Aauua vesRusRuANT Ui AyuBosaonu 75 oam
- 3 AMUIEITOVE BN (m/min)
UsziiupamsfaviIg
7 15 22 29
467.37 492.41 563.73 581.54
501.19 510.16 569.51 566.44
Q
469.99 577.04 613.86 600.88
(kg/hr)
478.92 557.71 481.17 611.63
531.02 487.91 608.57 585.31
Avg 489.70 525.04 567.37 589.16
SD 26.66 40.11 53.17 17.55
cv 5.44 7.64 9.37 2.98
10.27 20.69 22.66 17.16
_ 5.03 28.78 26.99 27.15
CR
13.74 19.12 17.17 23.96
(%)
6.59 18.55 24.11 20.76
13.61 10.26 16.68 22.87
Avg 9.85 19.48 21.52 22.38
SD 3.98 6.60 4.48 3.72
cv 40.40 33.86 20.82 16.62
89.73 79.31 77.34 82.84
94.97 69.61 73.01 72.85
E
N 86.26 80.88 82.83 76.04
(%)
93.41 81.45 72.90 73.22
86.39 89.74 83.32 77.13
Avg 90.15 80.20 77.88 76.41
SD 3.98 7.18 5.07 4.03
()% 4.41 8.95 6.51 5.27




MINWHINT A5 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uazlszansamlunis

@ o 7
AAUVUIA VOINUTND

%

Ny

19

U

sa =
NNYUIBYITIYNIU 80 DI

78

<
ANUITITOUF YWY (m/min)

Usziliunamsnauua

7 15 22 29

529.20 578.07 553.69 699.01

525.48 572.97 692.70 665.62

Q 492.24 489.27 573.58 714.00

(kg/hr)

512.80 581.93 584.66 706.69

520.11 502.47 641.04 683.63

Avg 515.97 544.94 609.14 693.79

SD 14.63 45.15 56.87 19.36
cv 2.83 8.29 9.34 2.79

13.24 19.01 13.90 25.68

- 18.07 17.95 15.56 22.68

Cr 10.96 15.36 13.59 19.67

(%)

15.82 13.58 17.48 23.24

16.52 14.20 11.78 14.66

Avg 14.92 16.02 14.47 21.19
SD 2.82 2.36 2.16 423

cv 18.89 14.75 14.90 19.96

86.76 80.99 86.10 74.32

81.93 82.05 84.44 77.32

B 89.04 84.64 86.41 80.33

(%)

84.18 86.42 82.52 76.76

93.11 85.80 88.22 85.34

Avg 87.01 83.98 85.53 78.81
SD 4.33 2.36 2.16 4.23
(6\Y 498 2.81 2.52 5.36
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@ o 7
AAUVUIA VOINUTND

%

Ny

19

U

sa =
NNYUIBYITIWNIU 85 DI

79

<
ANNITITOUTIYWIN (m/min)

szinunansaauuIa
7 15 22 29
723.29 653.70 660.62 741.25
560.70 642.16 638.10 724.32
Q
565.03 656.39 681.80 706.69
(kg/hr)

607.06 631.15 607.85 714.40

571.37 570.81 626.99 759.56
Avg 605.49 630.84 643.07 729.24
SD 68.35 35.03 28.86 2131
)% 11.29 5.55 4.49 2.92

21.72 20.26 29.81 10.67
_ 32.79 21.71 28.45 18.00
C

R 22.94 23.69 34.76 17.79

(%)

19.37 31.59 38.40 11.91

17.56 14.48 31.06 24.84
Avg 22.88 22.35 32.50 16.64
SD 5.92 6.20 4.05 5.67
o\% 25.87 27.76 12.47 34.05

78.28 79.74 70.19 89.33

67.21 77.72 71.55 82.00
EW

77.06 76.31 65.24 82.21
(%)

80.63 68.41 61.60 88.09

82.44 85.52 68.94 75.16
Avg 77.12 77.54 67.50 83.36
SD 5.92 6.19 4.05 5.67
CV 7.67 7.99 6.00 6.80




MINWHINT A7 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uazszansnmluns

AAULA YBIRUTNOIEUANYNBoIE BN 75 D3eN

80

<
ANNITITOUTIYWIN (m/min)

Usziliunansnauua
7 15 22 29
504.87 526.93 586.21 666.86
524.36 498.94 580.58 626.68
Q 476.89 539.78 584.15 593.37
(kg/hr)
508.33 541.86 597.68 594.74
494,95 585.21 553.73 581.73
Avg 501.88 538.54 580.47 612.68
SD 17.52 31.20 16.26 34.58
cv 3.49 5.79 2.80 5.64
17.34 19.81 17.07 30.57
_ 10.82 27.23 20.80 29.06
CR 10.23 16.61 16.96 22.15
(%)
13.51 15.84 15.09 26.36
13.81 15.91 15.31 28.81
Avg 13.14 19.08 17.04 27.39
SD 2.83 4.84 2.29 3.29
cv 21.54 25.36 13.44 12.02
82.66 79.10 82.93 69.43
89.18 72.77 79.20 70.94
B 89.77 83.39 83.04 77.85
(%)
87.87 84.16 84.91 73.64
86.19 84.09 84.69 71.19
Avg 87.13 80.70 82.96 72.61
SD 2.85 4.90 2.29 3.29
(6\Y 3.27 6.08 2.76 4.54




MINWHINT A8 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uazszansnmlunis

AAULIA YBIRUTNOIUANYNIBEIE1BWIU 80 D3N

81

<
ANNITITOUTIYWIN (m/min)

szinunansaauuIa
7 15 22 29
466.58 517.03 574.39 599.79
465.99 540.71 543.42 561.88
Q
446.71 553.85 542.23 561.88
(kg/hr)
411.65 531.06 579.74 509.00
452.33 549.66 584.09 561.49
Avg 448.65 538.46 564.77 558.81
SD 22.41 14.84 20.33 32.35
Ccv 4.99 2.76 3.60 5.79
15.49 7.29 13.62 33.74
_ 16.91 11.26 18.34 36.91
CR
19.88 18.27 19.97 48.11
(%)
13.23 7.49 17.61 36.72
10.80 10.73 8.53 37.36
Avg 15.26 11.01 15.62 38.57
SD 3.47 4.45 4.60 5.52
Ccv 22.75 40.39 29.44 14.32
84.51 92.65 86.38 66.26
83.09 88.74 81.66 63.09
EW
80.12 81.73 80.03 51.89
(%)
86.76 92.51 82.39 63.28
89.20 89.27 91.47 62.64
Avg 84.74 88.98 84.38 61.43
SD 3.47 4.43 4.60 5.52
CV 4.09 498 5.45 8.99




MINWHINT A9 FUTTOULMTAAVIA, ANNAANAIANTAAVLIA uazszansnmlunis

AAUL1A YBIRUTNOIUANYNBoIE1BNIU 85 D3gN

82

szinunansaauuIa

<
ANNITITOUTIYWIN (m/min)

7 15 22 29
443.39 595.52 709.23 677.36
429.50 629.26 671.63 701.48
Q
458.22 637.59 658.09 706.90
(kg/hr)
494 .81 620.86 622.65 784.51
465.96 629.83 648.56 765.25
Avg 458.38 622.61 662.03 727.10
SD 24.71 16.26 31.89 45.52
CV 5.39 2.61 4.82 6.26
9.37 6.98 10.86 19.58
_ 18.88 11.32 10.39 14.24
Cr
14.12 11.48 10.30 14.49
(%)
13.16 3.33 20.29 17.14
13.48 10.01 12.94 14.87
Avg 13.80 8.63 12.96 16.07
SD 3.40 3.47 4.24 2.28
CV 24.60 40.19 32.71 14.18
91.81 92.59 90.02 82.97
83.14 88.80 90.73 87.19
E
v 85.88 88.28 90.87 87.90
(%)
88.92 96.24 81.03 84.62
89.02 89.70 88.67 87.04
Avg 87.75 91.12 88.26 85.94
SD 3.32 3.31 4.14 2.07
(Y% 3.79 3.63 4.69 2.41
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MIEHINT A10 AUTTOUTMIAAVUIA, ANVAANAIAMIAAYLIA Lazdseansainlums

J 9

AAVUIA VBIHUFAINA

1 e NATDVIATBIAAVUIAT WA VA WWIUR U

< o A .
ANWLTITIYWIUAUAYY (m/min)

1JsziiunanIsAuILIA
11 21 31 31 (flou 2 Aw)
253.27 331.66 361.63 614.18
254.19 307.85 355.81 611.83
Q
277.26 310.56 338.77 581.91
(kg/hr)
277.42 304.22 334.98 570.83
265.16 311.36 320.98 631.70
Avg 265.46 313.13 342.44 602.09
SD 11.81 10.73 16.41 25.01
Ccv 4.45 3.43 4.79 4.15
19.53 21.40 17.92 22.93
_ 13.63 20.60 19.27 14.23
C
R 12.89 16.97 22.06 18.18
(%)
17.66 20.08 20.28 20.98
17.79 10.49 19.97 20.48
Avg 16.30 17.91 19.90 19.36
SD 2.88 4.48 1.51 3.33
oY% 17.69 24.99 7.58 17.19
80.47 78.60 82.08 77.37
86.37 79.40 79.72 85.77
EW
87.11 83.03 77.94 81.82
(%)
82.34 79.92 79.72 79.02
84.03 89.51 80.03 79.52
Avg 84.06 82.09 79.90 80.70
SD 2.76 4.48 1.47 3.25
CV 3.29 5.45 1.84 4.03
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MIEHINT AlL AUTTOUTMIAAVUIA, ANVAANAIAMIARAYLIA tazdseansainlums

Y [V 4
AAUVUIA VOINUTY

%

U

Ny

19

UN HONATOUIATDIAAUUIATINAVAWIU

SRIGEN
- 5 AN IENIWIUE RO (m/min)
ﬂﬁgmuwﬁﬂ1§ﬂﬂﬂlu1ﬂ
11 21 31 31 Hlou 2 au)
447.47 568.57 545.58 1034.25
482.26 536.90 560.86 1128.23
Q
47424 534.74 554.79 1143.80
(kg/hr)
421.54 525.00 529.86 1076.26
464.47 573.79 550.58 1040.11
Avg 458.00 547.80 548.33 1084.53
SD 24.16 21.89 11.75 49.98
cv 528 4.00 2.14 4.61
7.40 22.55 25.96 21.45
. 25.64 19.72 17.53 22.13
C
R 18.27 14.73 25.72 27.12
(%)
14.50 22.84 3137 15.60
19.72 17.11 32.95 25.45
Avg 17.11 19.39 26.71 22.35
SD 6.75 3.50 6.05 4.44
cv 39.44 18.04 22.65 19.85
92.60 77.45 74.04 78.55
76.82 80.28 82.47 77.87
EW
81.73 8527 7428 75.35
(%)
85.50 77.16 68.63 84.40
80.28 82.89 61.63 74.55
Avg 83.39 80.61 7221 78.14
SD 6.02 3.50 771 3.88
cv 722 434 10.67 4.96
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MIEHINT A12 AUTTOUTMIAAVUIA, ANVAANAIAMIAAYLIA Lazdseansainlums

Aauua veeRUinesa N d enadeuiniosnavLIAT WA DTN

CRIGEN
- 5 AN IENIWIUE RO (m/min)
ﬂﬁgmuwﬁﬂ1§ﬂﬂﬂlu1ﬂ
11 21 31 31 Hlou 2 au)
477.11 614.56 629.11 1113.77
508.86 590.84 603.03 1248.09
Q
475.80 579.85 607.61 1114.24
(kg/hr)
498.17 550.42 591.88 1134.68
483.09 571.26 597.60 1137.59
Avg 488.61 581.39 605.85 1149.67
SD 14.39 23.74 14.27 56.13
cv 2.94 4.08 2.36 4.88
14.42 2433 2231 20.10
. 17.69 22.50 25.93 20.13
C
R 20.95 15.69 19.93 18.61
(%)
21.71 20.89 21.91 22.46
22.39 22.80 25.83 25.45
Avg 19.43 21.24 23.18 21.35
SD 3.33 334 2.62 2.67
cvV 17.15 15.70 11.32 12.52
85.58 75.67 77.69 79.53
8231 77.53 74.07 79.87
EW
79.05 84.19 80.07 81.39
(%)
78.29 79.11 78.09 77.54
77.61 77.22 74.17 74.55
Avg 80.57 78.74 76.82 78.58
SD 3.33 3.08 2.62 2.63
cv 4.14 4.17 3.42 3.35
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fufamudomosiona wWesiFuannudemenona
YU # uan 1@ 0000 s
) ) ) ) 1 1Han 1@ 0a0n
0.00 30 0 262.19 0.00 36.69 0.00 2.98
0.00 0 0 291.24 0.00 0.00 0.00 3.31
0.00 0 0 137.38 0.00 0.00 0.00 1.56
0.00 0 0 124.82 0.00 0.00 0.00 1.42
B 0.00 0 6 127.17 0.00 0.00 7.34 1.44
o 0.00 0 0 325.78 0.00 0.00 0.00 3.70
0.00 0 0 187.62 0.00 0.00 0.00 2.13
0.00 0 0 98.13 0.00 0.00 0.00 1.11
0.00 0 0 46.32 0.00 0.00 0.00 0.53
0.00 0 20 19.82 0.00 0.00 24.46 0.23
Avg 0.00 3.00 2.60 162.04 0.00 3.67 3.18 1.84
SD 0.00 9.49 6.40 102.79 0.00 11.60 7.83 1.17
0.00 0 25 110.69 0.00 0.00 30.12 1.18
0.00 0 0 144.44 0.00 0.00 0.00 1.54
0.00 0 0 204.10 0.00 0.00 0.00 2.17
0.00 0 0 63.59 0.00 0.00 0.00 0.68
0.00 0 0 145.23 0.00 0.00 0.00 1.55
AN
0.00 0 0 12.56 0.00 0.00 0.00 0.13
0.00 0 0 149.94 0.00 0.00 0.00 1.60
0.00 0 0 89.49 0.00 0.00 0.00 0.95
0.00 0 0 145.23 0.00 0.00 0.00 1.55
0.00 0 0 108.33 0.00 0.00 0.00 1.15
Avg 0.00 0.00 2.50 117.36 0.00 0.00 3.01 1.25
SD 0.00 0.00 7.91 53.38 0.00 0.00 9.52 0.57
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A A = ' -4 a '
NUNANUTEVIgNONE Wosuan NI e IenoNa
YUIA %1 UAn 119 0000 v
, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
0.00 0 0 163.28 0.00 0.00 0.00 1.58
0.00 0 0 177.41 0.00 0.00 0.00 1.72
0.00 0 34 265.33 0.00 0.00 40.47 2.57
0.00 0 10 126.39 0.00 0.00 11.90 1.22
, 78.50 13 0 153.86 0.76 15.47 0.00 1.49
Tvial
0.00 0 9 411.34 0.00 0.00 10.71 3.98
0.00 0 0 332.06 0.00 0.00 0.00 3.21
0.00 0 0 53.38 0.00 0.00 0.00 0.52
0.00 0 15 87.14 0.00 0.00 17.85 0.84
0.00 0 14 102.84 0.00 0.00 16.66 1.00
Avg 7.85 1.30 8.20 187.30 0.08 1.55 9.76 1.81
SD 24.82 4.11 10.98 114.43 0.24 4.89 13.07 1.11
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Nufnnudenedena wWesiFuannudemenona
ATRE # uan 119 0000 s
- ) o . # 1uan 119 2a0n
0.00 0 0 107.55 0.00 0.00 0.00 1.14
0.00 0 0 138.95 0.00 0.00 0.00 1.48
0.00 0 0 134.24 0.00 0.00 0.00 1.43
28.26 0 10 167.99 0.32 0.00 12.14 1.79
B 0.00 0 0 90.28 0.00 0.00 0.00 0.96
o 19.63 0 0 105.19 0.22 0.00 0.00 1.12
0.00 0 21 4475 0.00 0.00 25.49 0.48
176.63 0 19 107.55 2.01 0.00 23.06 1.14
47.89 0 0 83.21 0.55 0.00 0.00 0.89
0.00 0 0 14.33 0.00 0.00 0.00 0.15
Avg 27.24 0.00 5.00 99.40 0.31 0.00 6.07 1.06
SD 55.03 0.00 8.51 44.99 0.63 0.00 10.33 0.48
0.00 0 13 19.63 0.00 0.00 16.05 0.21
0.00 0 10 109.12 0.00 0.00 12.35 1.17
19.63 0 0 73.79 0.21 0.00 0.00 0.79
0.00 0 10 71.44 0.00 0.00 12.35 0.77
0.00 0 0 489.84 0.00 0.00 0.00 5.25
na1
0.00 0 0 153.08 0.00 0.00 0.00 1.64
0.00 0 32 155.43 0.00 0.00 39.52 1.67
28.26 0 40 78.50 0.30 0.00 49.39 0.84
0.00 0 0 258.27 0.00 0.00 0.00 2.77
0.00 0 18 290.45 0.00 0.00 22.23 3.11
Avg 4.79 0.00 12.30 169.95 0.05 0.00 15.19 1.82
SD 10.30 0.00 14.16 140.93 0.11 0.00 17.48 1.51
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YUIA %1 UAn 119 0000 v
, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
63.59 0 29 102.05 0.62 0.00 34.80 0.99
0.00 20 12 289.67 0.00 24.00 14.40 2.81
0.00 0 0 317.14 0.00 0.00 0.00 3.08
0.00 0 56 63.59 0.00 0.00 67.19 0.62
, 0.00 8 5 281.03 0.00 9.60 6.00 2.73
Tvial
78.50 0 5 76.15 0.76 0.00 6.00 0.74
0.00 0 0 298.30 0.00 0.00 0.00 2.89
0.00 0 0 384.65 0.00 0.00 0.00 3.73
0.00 25 345.40 0.00 0.00 30.00 3.35
0.00 0 23 202.53 0.00 0.00 27.60 1.97
Avg 14.21 2.80 15.50 236.05 0.14 3.36 18.60 2.29
SD 30.16 6.55 18.02 117.28 0.29 7.85 21.62 1.14
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21m/min
Nufnnudenedena wWesiFuannudemenona
YU # uan 1@ 0000 s
) ) ) ) 1 1Han 1@ 0a0n
0.00 0 16 180.55 0.00 0.00 19.31 1.92
0.00 0 0 58.88 0.00 0.00 0.00 0.63
0.00 0 15 145.23 0.00 0.00 18.11 1.55
0.00 0 0 123.25 0.00 0.00 0.00 131
B 0.00 0 30 32.19 0.00 0.00 36.21 0.34
o 0.00 0 15 63.59 0.00 0.00 18.11 0.68
0.00 0 0 157.00 0.00 0.00 0.00 1.67
0.00 0 0 195.47 0.00 0.00 0.00 2.08
0.00 0 21 28.26 0.00 0.00 25.35 0.30
0.00 0 4 21.64 0.00 0.00 4.83 0.23
Avg 0.00 0.00 10.10 100.60 0.00 0.00 12.19 1.07
SD 0.00 0.00 10.76 66.95 0.00 0.00 12.99 0.71
0.00 0 18 106.76 0.00 0.00 21.17 1.01
0.00 0 52 121.68 0.00 0.00 61.17 1.16
0.00 0 27 182.91 0.00 0.00 31.76 1.74
19.63 0 24 114.61 0.19 0.00 28.23 1.09
0.00 0 28 113.04 0.00 0.00 32.94 1.07
AN
0.00 0 0 211.95 0.00 0.00 0.00 2.01
0.00 0 30 145.23 0.00 0.00 35.29 1.38
0.00 0 7 157.00 0.00 0.00 8.23 1.49
12.56 0 35 45.53 0.12 0.00 41.17 0.43
0.00 0 0 255.13 0.00 0.00 0.00 2.43
Avg 3.22 0.00 22.10 145.38 0.03 0.00 26.00 1.38
SD 6.99 0.00 16.35 59.66 0.07 0.00 19.24 0.57
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YUIA %1 UAn 119 0000 v
, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
0.00 0 45 19.63 0.00 0.00 49.15 0.17
0.00 0 60 91.06 0.00 0.00 65.54 0.78
0.00 0 52 76.93 0.00 0.00 56.80 0.66
0.00 0 20 28.26 0.00 0.00 21.85 0.24
, 0.00 0 45 94.99 0.00 0.00 49.15 0.81
Tvial
78.50 0 56 83.21 6.76 0.00 61.17 0.71
0.00 0 27 38.47 0.00 0.00 29.49 0.33
113.83 0 20 132.67 9.80 0.00 21.85 1.14
0.00 38 0.00 0.00 0.00 41.51 0.00
0.00 0 42 141.30 0.00 0.00 45.88 1.21
Avg 19.23 0.00 40.50 70.65 1.66 0.00 44.24 0.61
SD 41.39 0.00 14.24 47.69 3.56 0.00 15.55 0.41
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31m/min (Hou 2 Au)
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Nufnnudenedena wWesiFuannudemenona
ATRE # uan 119 0000 s
- ) o . # 1uan 119 2a0n
19.63 0 5 19.63 0.21 0.00 6.07 0.21
0.00 0 0 19.63 0.00 0.00 0.00 0.21
0.00 0 23 94.99 0.00 0.00 27.92 1.02
0.00 0 13 47.89 0.00 0.00 15.78 0.51
B 0.00 0 3 119.32 0.00 0.00 3.64 1.28
o 0.00 0 10 26.69 0.00 0.00 12.14 0.29
0.00 0 20 117.75 0.00 0.00 24.28 1.26
0.00 0 13 19.63 0.00 0.00 15.78 0.21
0.00 0 15 284.96 0.00 0.00 18.21 3.05
0.00 0 13 53.38 0.00 0.00 15.78 0.57
Avg 1.96 0.00 11.50 80.38 0.02 0.00 13.96 0.86
SD 6.21 0.00 7.25 82.14 0.07 0.00 8.80 0.88
19.63 0 40 19.63 0.18 0.00 45.96 0.18
0.00 0 30 38.47 0.00 0.00 34.47 0.36
0.00 0 0 113.83 0.00 0.00 0.00 1.06
0.00 0 7 204.89 0.00 0.00 8.04 1.90
0.00 0 37 32.19 0.00 0.00 42.51 0.30
na1
0.00 0 20 39.25 0.00 0.00 22.98 0.36
19.63 0 5 78.50 0.18 0.00 5.74 0.73
0.00 0 25 0.00 0.00 0.00 28.72 0.00
0.00 0 12 171.92 0.00 0.00 13.79 1.60
0.00 0 10 12.56 0.00 0.00 11.49 0.12
Avg 3.93 0.00 18.60 71.12 0.04 0.00 21.37 0.66
SD 8.27 0.00 13.95 70.45 0.08 0.00 16.03 0.65
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, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
0.00 0 10 28.26 0.00 0.00 11.24 0.25
94.99 0 19 128.74 0.85 0.00 21.36 1.16
0.00 0 15 69.87 0.00 0.00 16.87 0.63
19.63 0 6 51.03 0.18 0.00 6.75 0.46
, 0.00 0 0 97.34 0.00 0.00 0.00 0.87
Tvial
0.00 0 0 113.04 0.00 0.00 0.00 1.02
57.31 0 11 85.57 0.52 0.00 12.37 0.77
0.00 0 14 78.50 0.00 0.00 15.74 0.71
0.00 0 227.65 0.00 0.00 0.00 2.05
0.00 0 7 78.50 0.00 0.00 7.87 0.71
Avg 17.19 0.00 8.20 95.85 0.15 0.00 9.22 0.86
SD 32.89 0.00 6.80 54.48 0.30 0.00 7.64 0.49
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YU # uan 1@ 0000 s
) ) ) ) 1 1Han 1@ 0a0n
0.00 0 10 7.07 0.00 0.00 12.23 0.08
0.00 0 16 19.63 0.00 0.00 19.57 0.22
0.00 0 0 110.69 0.00 0.00 0.00 1.26
0.00 0 0 0.00 0.00 0.00 0.00 0.00
B 0.00 0 0 19.63 0.00 0.00 0.00 0.22
o 0.00 0 0 113.04 0.00 0.00 0.00 1.28
0.00 0 38 69.87 0.00 0.00 46.48 0.79
0.00 0 52 19.63 0.00 0.00 63.60 0.22
0.00 0 0 38.47 0.00 0.00 0.00 0.44
0.00 0 6 16.14 0.00 0.00 7.34 0.18
Avg 0.00 0.00 12.20 41.41 0.00 0.00 14.92 0.47
SD 0.00 0.00 18.41 41.77 0.00 0.00 22.52 0.47
0.00 0 29 19.63 0.00 0.00 34.94 0.21
32.19 0 30 0.00 0.34 0.00 36.14 0.00
0.00 0 0 31.40 0.00 0.00 0.00 0.33
0.00 0 23 19.63 0.00 0.00 27.71 0.21
0.00 0 45 0.00 0.00 0.00 54.21 0.00
AN
0.00 0 17 40.82 0.00 0.00 20.48 0.43
0.00 0 5 32.19 0.00 0.00 6.02 0.34
0.00 0 31 0.00 0.00 0.00 37.34 0.00
0.00 0 0 78.50 0.00 0.00 0.00 0.84
0.00 0 5 78.50 0.00 0.00 6.02 0.84
Avg 3.22 0.00 18.50 30.07 0.03 0.00 22.29 0.32
SD 10.18 0.00 15.54 29.33 0.11 0.00 18.72 0.31
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YUIA %1 UAn 119 0000 v
, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
0.00 0 35 0.00 0.00 0.00 41.66 0.00
0.00 0 8 12.56 0.00 0.00 9.52 0.12
0.00 0 25 139.73 0.00 0.00 29.75 1.35
0.00 0 0 12.56 0.00 0.00 0.00 0.12
, 0.00 0 9 56.52 0.00 0.00 10.71 0.55
Tvial
0.00 0 5 58.09 0.00 0.00 5.95 0.56
0.00 0 0 0.00 0.00 0.00 0.00 0.00
0.00 0 28 28.26 0.00 0.00 33.33 0.27
0.00 0 0.00 0.00 0.00 0.00 0.00
0.00 0 16 113.04 0.00 0.00 19.04 1.09
Avg 0.00 0.00 12.60 42.08 0.00 0.00 15.00 0.41
SD 0.00 0.00 12.79 49.76 0.00 0.00 15.22 0.48
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Nufnnudenedena wWesiFuannudemenona
ATRE # uan 119 0000 s
- ) o . # 1uan 119 2a0n
0.00 0 0 104.41 0.00 0.00 0.00 1.11
0.00 0 0 70.65 0.00 0.00 0.00 0.75
0.00 0 8 0.00 0.00 0.00 9.71 0.00
28.26 0 0 102.84 0.32 0.00 0.00 1.09
B 0.00 0 17 19.63 0.00 0.00 20.63 0.21
o 0.00 0 10 7.07 0.00 0.00 12.14 0.08
0.00 0 8 12.56 0.00 0.00 9.71 0.13
0.00 0 13 91.06 0.00 0.00 15.78 0.97
0.00 0 20 0.00 0.00 0.00 24.27 0.00
0.00 0 10 13.79 0.00 0.00 12.14 0.15
Avg 2.83 0.00 8.60 42.20 0.03 0.00 10.44 0.45
SD 8.94 0.00 7.04 44.39 0.10 0.00 8.55 0.47
0.00 0 8 63.59 0.00 0.00 9.88 0.68
0.00 0 24 19.63 0.00 0.00 29.64 0.21
0.00 0 10 0.00 0.00 0.00 12.35 0.00
0.00 0 6 0.00 0.00 0.00 7.41 0.00
0.00 0 21 0.00 0.00 0.00 25.93 0.00
na1
0.00 0 25 19.63 0.00 0.00 30.87 0.21
0.00 0 32 19.63 0.00 0.00 39.52 0.21
28.26 0 10 0.00 0.30 0.00 12.35 0.00
0.00 0 0 28.26 0.00 0.00 0.00 0.30
0.00 0 5 19.63 0.00 0.00 6.17 0.21
Avg 2.83 0.00 14.10 17.03 0.03 0.00 17.41 0.18
SD 8.94 0.00 10.56 19.67 0.10 0.00 13.04 0.21
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, , %1 0an 119 0900
(mm”) (mm) (mm) (mm”)
0.00 0 0 19.63 0.00 0.00 0.00 0.19
0.00 0 20 19.63 0.00 0.00 24.00 0.19
12.56 0 22 76.15 0.12 0.00 26.40 0.74
0.00 0 17 10.21 0.00 0.00 20.40 0.10
, 0.00 0 15 0.00 0.00 0.00 18.00 0.00
Tvial
0.00 0 16 19.63 0.00 0.00 19.20 0.19
0.00 0 0 19.63 0.00 0.00 0.00 0.19
0.00 0 10 0.00 0.00 0.00 12.00 0.00
0.00 8 39.25 0.00 0.00 9.60 0.38
0.00 0 7 7.07 0.00 0.00 8.40 0.07
Avg 1.26 0.00 11.50 21.12 0.01 0.00 13.80 0.20
SD 3.97 0.00 7.78 22.54 0.04 0.00 9.33 0.22




= . '
ATNHUINN A19 NITHINNUNAY (Sphericity) VOINATUY)

J Y
Fyamnan

=
UYUIA NaNn

1 2 3 4 5 6 7 8 9 10
Dmax (13.) 53.36 50.66 52.47 51.85 51.34 51.24 51.91 53.67 51.06 48.59
Dmin (U3.) 50.44 48.62 50.99 49.29 48.67 48.12 50.32 50.65 48.03 46.18
ANNGI (WN.) 8438 86.23 84.35 85.35 79.88 86.45 85.49 83.22 88.23 79.48
1an vimiin (NFN) 83 77 83 83 66 81 81 88 77 63
SIEETRGE
100 93 101 98 80 95 98 105 92 78
(ay. ¥u.)
ANNNAN 0.65 0.63 0.65 0.64 0.64 0.63 0.64 0.67 0.61 0.64
Dmax (N3.) 55.21 54.41 56.25 58.2 58.66 56.29 56.21 59.35 58.1 55.05
Dmin (M3).) 53.01 52.55 53.71 54.35 56.25 53.39 52.94 55.61 54.86 53.73
ANUGI (WY.)  92.62 83.41 81.12 87.79 82.11 86.36 87.65 83.08 87.03 85.85
aa hmin (NFN)  98.78 88.65 86.07 101.37 97.75 103.51 94.87 108.41 98.74 94.23
15105
110.61 104.74 99.53 117.26 113.32 120.87 107.49 120.45 113.98 110.93
(ay. )
ANNNAN 0.62 0.67 0.67 0.66 0.69 0.68 0.64 0.69 0.66 0.66

86



MIINUINN ALY (71D)

1A i 1 2 3 4 5 6 7 8 9 10
Dmax (43.) 65.92 61.9 59.35 62.08 60.47 60.76 64.26 58.73 61.55 61.02
Dmin (M3.) 60.89 59.17 56.2 59.71 55.8 57.73 61.46 54.3 57.46 57.76
ANNGI (W) 10212 101.89  94.84 92.95 93.48 98.12 89.12 91.68 97.09 95.37
Ing  dwiin(0sw) 14784 13623 12176 13125 11721 13006 121.06 10537 12804 12175
Y31as
17414 160.12  139.57 15137 13832 15254 13768 12771 14392 139.78
(@, ¥
ANNNAY 0.65 0.63 0.65 0.67 0.65 0.65 0.68 0.65 0.64 0.64
WiNeMg 1. Dmax A duruguinainniigavenn
2. Dmin fie idurguinaiitesiigavona
3. Anunan Ao sandrusznhaduiuguinavemssnaitlfinasuhduiagiuduiguinatesinauiidniigafideusou

Fag1011314 (Mohsenin, 1978)

Y
4. 151asveanadule = duaviimin

anwadu Tounun (Tumea, 2546)
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a
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ATNHUINN A20 NITHINNUNAY (Sphericity) VOINATUYNUT

v

[

a 4
NUIUN

YA wail I 2 3 4 5 6 7 8 9 10
Dmax (41.) 57.79 56.69 54.66 58.48 59.42 61.33 62.16 58.85 63.64 54.42
Dmin (13).) 55.16 52.74 52.18 55.34 56.49 56.39 58.87 56.43 61.09 51.63
ANV (W) 75.7 80.68 81.38 72.3 80.57 82.61 81.05 73.66 79.15 77.46
1an Yo (N3) 86.13 86.74 97.41 88.2 101.43 104.86 107.07 91.26 113.76 80.72
Usuag
88.17 92.86 104.82 90.73 106.53 109.04 110.13 94.58 116.4 86.11
(QV. Fa.)
AMUNAN 0.68 0.66 0.68 0.71 0.69 0.67 0.69 0.71 0.71 0.67
Dmax (W1/.) 61.58 61.31 63.41 60.77 62.84 64.37 66.18 62.87 61.17 58.53
Dmin (4U.) 56.13 57.8 56.03 55.08 55.78 60.3 61.16 58.62 56.04 54.47
ANUFI (W) 82.61 88 87.12 86.08 86.64 89.68 89.74 85.61 88.06 84.67
AN ‘lil”mf!}ﬂ (ﬂiwll) 115.34 120.84 104.32 110.99 119.83 124.95 144.8 112.85 119.4 9.02
Usuag
122.77 124.96 110.98 116.14 123.57 131.25 147.4 119.77 124.15 105.33
(ay. wu.)
AIUNAY 0.70 0.67 0.64 0.66 0.67 0.66 0.69 0.67 0.66 0.65

001



MIINUINT A20 (9D)

V1A K I 2 3 4 5 6 7 8 9 10
Dmax (3/31.) 65.27 70.55 74.94 74.48 72.9 67.03 69.13 70.09 67.69 69.75
Dmin (30.) 58.1 68.36 70.17 69.67 66.3 63.94 52.2 65.97 65.12 64.63
ANV WN) 9189 96.84 101.69 9147 90.19 99.05 94.4 92.84 96.31 92.95
Twaj  dhwvin (3 15839 163.83 18654 17271 16449 15052 15385 14776 15495  150.85
15uas
167.95 172.6 198.12  180.13 16684  168.62 16207 15931 15607  156.11
(@, 5.
ANUNAY 0.70 0.67 0.67 0.71 0.70 0.66 0.67 0.68 0.65 0.67
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! [ K 4
MINAUING A21 NIHIANUAAY (Sphericity) YBINATUWNUFNDITNE

=
UYUIA NaNn

1 2 3 4 5 6 7 8 9 10
Dmax (41.) 54.06 57.39 59.07 59.48 59.16 58.68 55.95 53.59 57.84 59.38
Dmin (W1.) 49.86 52.13 52.47 51.10 53.75 55.88 52.85 51.57 55.43 53.25
ANUGI (W) 79.00 88.64 87.84 80.32 89.42 80.39 76.12 85.77 87.14 74.94
@n viwiin (nFy)  97.87 101.03 99.03 89.08 109.48 107.91 97.20 96.52 114.05 98.92
151103
99.15 103.52 101.28 90.65 111.60 111.98 100.03 99.26 116.86 101.63
(QV. .
ANUNAY 0.69 0.63 0.62 0.65 0.63 0.70 0.71 0.64 0.66 0.72
Dmax (13.) 61.33 60.82 64.35 65.69 63.28 64.09 58.65 65.16 62.96 62.15
Dmin (44.) 57.62 54.42 60.28 60.38 57.67 58.57 55.82 60.47 58.31 57.93
ANUFI (W) 85.62 81.98 83.45 80.48 86.05 85.56 88.15 82.75 86.8 82.97
AN “Ij}”lﬂfljﬂ (ﬂ%jll) 116.42 126.27 115.88 126.77 121.17 120.06 127.58 125.64 128.2 125.03
51103
119.53 131.59 119.3 130.24 124.83 125.85 132.5 129.36 132.45 129.13
(Y. wu.)
AUNAY 0.67 0.72 0.68 0.72 0.68 0.68 0.68 0.71 0.69 0.71

01



MSWUINT A21 (910)

YA wai 1 2 3 4 5 6 7 8 9 10
Dmax (1) 6522 6253 6022 6319 6319 5999 6448 6531 63.8 62.07
Dmin (1131.) 6246 5828 5716 5831 60.2 56.1 6025 5916  57.8 58.9
ANMNGQY (W) 9455 8573 8777 8416 8644 8507 8255  89.01 83.79  82.64
Twaj i (03w 16143 125 13796 12639 12913 121.1 12444 15079  123.07  122.58
15uas
173.04 13406 14795  133.62 13616  131.06 13374  161.2 131 130.1
(ay. ¥Y.)
AUNAN 0.69 0.70 0.71 0.71 0.69 0.70 0.72 0.71 0.70 0.71

€01
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H a 4 @ @
ﬂTiNNl!'Jﬂﬁ a1 MsuasEranulsdsivvesaussousmMsaauIanu

J Y
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TNANAWBNIT

{ Y U <
uilsuldsuiladeniuau 1dun aAnusiseumeniu tagyudesaieniu

Source ANOVA SS df Mean Square F Sig.
yu 38234.642 2 19117.321 49.746 .000
ANWS B 81312.378 3 27104.126 70.528 .000
ANWIS IAEIY * 8948.011 6 1491.335 3.881 .003
pNEY
Error 18446.453 48 384.301
Total 12409611.485 60

mM3wHIng 12 M3nziaLlsliuvesnuAanaIamIfavaRu pamnaine

A o o Y < =
msudsalasuilaseniuau laun anusisoumeniu uazyudesaenIu

Source ANOVA SS df Mean Square F Sig.
Yy 485.728 2 242.864  23.365 .000
ANNS B 106.930 3 35.643 3.429 .024
ANUSIEENIY * 618.531 6 103.089 9.918 .000
pNEY

Error 498.925 48 10.394

Total 15476.920 60

Y a 4 a A o o 1
ﬂ1§NN‘H3ﬂﬁ 3 ﬂTi’JLﬂS1$Wﬂ313JLL‘]JS‘]Ji’J‘L!ﬂlﬂﬂﬂigﬁ‘ﬂ‘ﬁﬂTWﬂWiﬂﬂ%uWﬂWHﬁuaLﬂg1ﬂﬂﬂ1§

{ [ v <
uilsulasuiladeniuau 1dun aAnusiseumeniu tagyuideaaioniu

Source ANOVA SS df Mean Square F Sig.
yu 496.618 2 248.309  25.098 .000
ANUIE AV 112.226 3 37409 3781 016
ANWIS BN * 607.279 6 101.213 10.230 .000
Y

Error 474.884 48 9.893

Total 433419.720 60
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% [

Y a 4 @ v a d
ﬂTiNNi!'Jﬂﬁ 4 ﬂ1§3lﬂ31$1’iﬂ313JLL‘]Jiﬂiﬂuﬂlﬂﬂﬁﬂiﬁﬂugﬂ'liﬂﬂ‘llu1ﬂwuﬁ UNVIUNABNIT

{ 1Y U <
uilsuldsuiladeaiuau 1dun aAnusiseumeniu tagyudesaioniu

Source ANOVA SS df Mean Square F Sig.
yu 120129.997 2 60064.999 38.958 .000
ANWIS BN 150193.294 3 50064.431 32.471 .000
mmﬁamﬂwm * Wy 15761.717 6 2626.953 1.704 141
Error 74006.628 48 1541.805

Total 21623921.902 60

o o g

Y a 4 a v v J a
msnwmnﬁ 35 ﬂTi’JLﬂS13Wﬂfﬂ?JLL‘iJS‘]Ji’J‘LHJi’NﬂTﬂ?JWﬂWZﬂﬂﬂﬁﬂﬂﬂlu1ﬂwu‘§ UNUIUNAD

{ U @ 1 ]
msudslasuiladeniuan 1dun anusiseudeniu uazyudesaoniu

Source ANOVA SS df Mean Square F Sig.
iy 525.725 2 262862  12.551  .000
A5 AN 367.911 3 122.637 5856 .002
ANUEIEOWIU * 31 923.342 6 153.890 7348 .000
Error 1005.305 48 20.944

Total 25672.396 60

a o d

H a 4 a A @ v o
ﬂTiNNi!'Jﬂﬁ 36 MsAATIEHANNYTUs MUY TZANTNMINMTAAVNANUENUNUIUNG

a

A o @ Y < =
ﬂTiLL‘]JiLﬂﬁEluﬂﬁ]i]ﬂﬂ'JUﬂiJ Vlﬂllﬂ AUEIITOUNTIWIU UASHYUBYITIWIU

Source ANOVA SS df Mean Square F Sig.
yu 570.203 2 285.101 12.302 .000
ANUIE AU 472.815 3 157.605  6.801 .00l
ﬂTJﬁJLg'JHTEJWTH * Wy 940.158 6 156.693 6.761 .000
Error 1112.388 48 23.175

Total 391514.605 60
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MIEUINT 97 M3BATIANuLlssuvesanssouzMsARvIARUE ned I daoNS

{ Y J <
uilsuldsuiladeniuau 1dun aAnusiseumeniu tagyudesaioniu

Source ANOVA SS df Mean Square F Sig.
yu 83433.139 2 41716.570 56.322 .000
ANWIS BN 226044.507 3 75348.169  101.729 .000
ANMWIS BN * yu 49306.336 6 8217.723 11.095 .000
Error 35552.498 48 740.677

Total 19742610.046 60

Y a 4 a v v 1
msnwmnﬁ 38 ﬂTi’JLﬂS1$Wﬂ313JLL‘1JS‘]Ji’J‘L!ﬂlﬂﬂﬂfﬂllﬂﬂ‘WﬁW]ﬂﬁﬂﬂﬂlu1ﬂwu‘§%@\1ﬁ1ll?’f@]ﬂ

{ U @ 1 ]
msudslasuiladeniuan 1dun anusiseudeniu uazyudesaoniu

Source ANOVA SS df Mean Square F Sig.
iy 621.411 2 310706 20991  .000
A5 AN 2024.153 3 674718 45583 .00
ANUEIEOWIU * 31 999.805 6 166.634 11258 .000
ANURANAIA 710.487 48 14.802

59 22479.026 60

Y a 4 a A Y o 1
msnwmnﬁ 9 mi’sms13wmmuﬂsﬂimmmﬂszammwmiﬂﬂwmwuwmﬁmﬁm

{ U @ 1 ]
msudslasuiladeniuan 1dun aAnusiseuaeniu uazyudesaoniu

Source ANOVA SS df Mean Square F Sig.
3w 842.370 2 421.185 28879  .000
ANMSIEENIY 1896.048 3 632.016 43335  .000
ANUEIEOWIU * 31 1067.296 6 177.883  12.197  .000
ANUAANAIA 700.045 48 14.584

590 417860.700 60
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4

{ o 1 < °
msudslasuiladeniuan 1dun anmusieeniududes
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vy

TNANAND

Source ANOVA SS df Mean Square F Sig.
ANWIS B 341618.784 3 113872.928 396.319 .000
Error 4597.219 16 287.326
Total 3246061.323 20
d‘ a Jd a [ o 4 9
MINAUING 911 M3AATIEHANULTsIuveInNuFEanaIalumsAavINAugyanal
aomiulsnlasuilivaiuau 1aun anuErnewududos
Source ANOVA SS df Mean Square F Sig.
AUIS AW 39.097 3 13.032 1250 325
Error 166.790 16 10.424
Total 6952.820 20
d‘ a L4 a a [ v Y
MINWIINN 912 M3uaTnanuulssivvesszanimulumsdavinaiugyamnaine
maulsnlasuildsarugy 1dun anus menududes
Source ANOVA SS df Mean Square F Sig.
mmﬁamﬂwm 49.944 3 16.648 1.649 218
Error 161.490 16 10.093
Total 133671.654 20
a a ¢ y v du a u o1
MINWUINN 913 M3AATHANuulsUsMvesaussous TumsAavnaRugRUNLIUNG
maulsnlasuildsarugy 1dun anus menududes
Source ANOVA SS df Mean Square F Sig.
mmﬁamﬂwm 1230445.118 3 410148.373  443.548 .000
Error 14795.174 16 924.698
Total 9948398.536 20
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%

Y a 4 a @ v d a
ﬂTiNNl!'Jﬂﬁ 114 ﬂ"liﬁlﬂi"lgﬁﬂﬁ'lﬂllﬂiﬂi’J‘L!GU’f)xiﬂ?']iJNﬂWﬁWﬂqluﬂﬁﬂﬂﬂJ‘L!']ﬂ“l/\luﬁ uny

Y] g = ] 9 [ < o
%‘L!‘Vlﬁ’f)ﬂ']ﬁL!ﬂﬁlﬂﬁﬂu[ﬂfﬂﬂﬂﬂﬂﬂﬂu llﬂllﬂ AITULIITIYWIURUAY

Source ANOVA SS df Mean Square F Sig.
ANWIS B 257.670 3 85.890 3.013 .061
Error 456.178 16 28.511

Total 9862.779 20

%

H a 4 a A @ v d a
ﬂTiNNl!'Jﬂﬁ 315 ﬂ"liﬁlﬂi"lgﬁﬂﬁ'lﬂllﬂiﬂi’luﬂl’ﬂﬂ‘ﬂigﬁﬂﬁﬂ1W1Hﬂ1iﬂﬂﬂJu1ﬂwuﬁ uny

Y] g = ] Y [ < o
%‘L!‘Vlﬁ’f)ﬂ']ﬁL!ﬂﬁlﬂﬁﬂu[ﬂfﬂﬂﬂﬂﬂﬂﬂu llﬂllﬂ AITULIITIYWIURUAY

Source ANOVA SS df Mean Square F Sig.
ANNIS YAENY 339.927 3 113.309 3.688 .034
Error 491.535 16 30.721

Total 124351.364 20

MSWUINT 916

m3inszrauulslsuvesaussouglumsnavuaiugnessudse

{ o 1 < o
msulsalasuilaseniuau laun anmsraenududes

Source ANOVA SS df Mean Square F Sig.
ANNIS YAEIY 1348328.353 3 449442784  435.864 .000
Error 16498.472 16 1031.154

Total 11344224.403 20

MSWUINT 917

a 4 a @ v d
ﬂ"liﬁlﬂi"lgﬁﬂﬂ'lﬂllﬂiﬂi’J‘L!GU’ENﬂ?']11NﬂWaWQGluﬂﬁﬂﬂelJU']ﬂwuﬁﬂ@QﬁﬁJ?f

1 { [ 1 < o
asmsudsilasuiletoniuan 1dun anuSiaenududes

Source ANOVA SS df Mean Square F Sig.
ANNIS YAEIY 35.186 3 11.729 1.294 311
Error 145.010 16 9.063

Total 9255.274 20
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H a 4 a A @ v d
ﬂTiNNl!'Jﬂﬁ 318 miamswwmmuﬂsﬂiaumm‘ﬂszammw“lumiﬂﬂmumwuﬁwmﬁmﬁ

1 { o 1 < 3
aomsulsnlasuilitenrugy laun anuSiaemududes

Source ANOVA SS df Mean Square F Sig.
ANUSIEENIY 35.232 3 11744 1316 304
Error 142.739 16 8.921

Total 123977.804 20
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. a 4 o ¥ 4 ¥ ow = ¥ o
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a ¥ & v . o mr
N32111A8A132INDUADADIINIATON Universal Testing Machine Tnstron 3U 5569 ¥) Man1AT luAdad: Tae7s Radial
. . - ) ar = 5 'J
compression MAz Die Loading Hal51ngdh m) dandmihwesesia lmmildeunnama auuwinnuuaziwn
= 5 P o a v [ ar )
w1992l udin 0.44440.07 uAE 0.38440.08 AWEWY 1) IATMIRUSHYENENAdBATILA TR lani
=5 = 1 = ar 2w B ar . .
Fauand Ineanuduiuivesdiluadads @ wlsmnfufunao Wuaumsdnd TmuuiBoa F113072 Die Loading
&4 y &4
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POISSON’S RATIO AND YOUNG’S MODULUS OF WHITE LONG RADDISH
Bundit Jarimopas *, Phanida Pushpariksha’, Chanida Bupata’ and Tanarat Srimingruang’

ABSTRACT

This gesearch was fo detenmine Poisson’s Ratio and Young's Modulus of white long (WL) raddish.
Methodology included i) determination of the Poisson’s Ratio of the cylindrical fresh WL raddish sampled axially and
laterally (each sample was loaded quasi-statically by the Universal Testing Machine | Instron No. 5569) ; i1) determination
of the Young™s Modulus by mean of the radial compression and the die loading. Results showed that Peisson’s Ratio, of
the newly harvested WL raddish, of the axial and the lateral samples was averagely 0.4444+007 and 03842008,
respectively. Storage time (t) significantly affected (p<0.05) WL raddish strength which was exhibited by inverse
relstionship between modulus of elasticity (E) and t, ie. for the die loading E=3.07¢ (R =0.94); for the radial
compression (axial sample) B, = 9.05e ™™ (R°=0.99) and lateral sample E, .= g.66e ™" (R'=0.95)

KEY WORDS: Foisson’s Ratio, Modulus of Elasticity, White Long Raddish

! Associate Professor, *Graduate student, Department of Apricultural Engineering, Faculty of Engineening at
KamphaengSaen, Fh D Student, Graduate Education and Research Development Project in Post-harvest Technology,
Kasetsart University KamphaengSaen, NakomPathom

*Corresponding author. Tel.: 0-3428-1099; Fax: 0-3435-1842; E-mail address: fengbdji@in.ac th
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ar ¥4 &2 a4 _ ¥ ' 4 4 ¥,
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s ¥ o i o a . ¥ 4
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ihilsiduvesiiivesiadnnaassiiianiufouasimswazmanlfonzFas 1A9100717v8 Universal Testing
. 1 . ¥ o gl = . & .
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JH013

P = v - a1 - " o @ '
1. aasfalwihinulninnauliiideudinswazivwamie §1uu 44 32 wlimsnageu
= 1 1A o o 1 e ' @ | o
aaniilu 3 nau Av NAUT 1 NAXBLIN Poisson’s ratio I 1UIU 4 41 NGUT 2 NAdEUYIP lugdanImEang11ALIT Radial

compression §14U 20 ¥ NGH 3 NAgoUMA1 INAAAAIWEAYEYU 1AYTS Die loading V04 Boussinesq 14U 20 7

ﬂij:ijﬁ 1 NATDUH 1 Poisson’s ratio
Fl
2. w3endudiedalaeld Die nsanszuennalvIadURIgUNa1s 15 3. 917 30 1y, NAagluu
9
AULAULAZANY YAz 6 U maluiuRaanu
Fl T Fl ] b4
3. hyudleis naaeudiuas ol UTM 1Madunaaey 14ias aanaluiuiunuvesdudleda a2 1dng
@ e o ' .
ANNFITUTTz NI wazMIfasugy
a = 4 o W o = a o v o
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40 ILaz 80N

. , Aw
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4 .
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Aw = ANWATIAUIN
- 2. auw 4 4 . - e
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10. ﬁwuqmiuﬁﬁﬂﬁam AEAs

19271 — D™ | F _
= —— ( Jindal Lifi% Techasena ,1985)

* L A
&5 ar
sa p = dandwiheey
¥
D = Lﬁumguﬂnmwaﬁumﬂau
o
L = ‘umresunadey
cig o
F = usshly
A

= manfdeugil (deformation)
. i : . w ¥ow
1. fhnsnareudHiuaeud s-10 Tasshmsnaseuiuiuiu
¢ oA 1 ¥ - .
NEYH 3 NAADUMIA E A287% Die Loading

s w ¥ o " - S| £ w9y o ¥
12. I.l,']_lﬂﬁ'ﬂrl'ﬂﬂ"lﬂﬂﬂl. U5 f'l‘ﬁ:l‘ll nqum 4 WY R THUNLARZI aﬂuunﬂuﬂzmuwﬂ'ﬁmﬂ‘mq UMDY

k]
(T 28.3°C, RH = 72.5%)
qé"u.wxls-' . = oyl g 4 o
13. i3 BFUARE1 Y lnmanngad 1 Tneutiad? laieendly 4 dalumiiod winzdmen so u.
& oo . 4 Y- S i
14. findia1i2 Die ¥11A 3.2 WY, 11l Crosshead YBAIAT B4 UTM UaznAW 2 Die AuTudndn (711i2)
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Sum of
Day Position df Mean Square F Sig.
Squares
Position 3 408 136 A57 17
DAY1 Error 12 3.567 297
Total 15 3.975
Position 3 1.901 .634 2.929 077
DAY3 Error 12 2.595 216
Total 15 4.496
Position 3 1.408 469 4.494 .025
DAYS Error 12 1.253 .104
Total 15 2.661
Position 3 9.409 3.136 8.262 .003
DAY7 Error 12 4.555 380
Total 15 13.964
Position 3 1.142 381 12.901 .000
DAY9 Error 12 354 2.950E-02
Total 15 1.496
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Mechanical Behavior of Dragon Fruit

tufin S5l sl uwat  sudinl A5aes dnen Sunies’
Bandit Ja'imnpas' Chanida Eh.p@ta" Tanarat F.irin.l1n;|n.t:;n5;|1 Sukda .Jurlt!’u:lng1

Abstract

Dragon frutt is a potential economic crop and rich of nutriional ingredients. Postharvest handiing, packaging,
transport and distribution bring about mechanical injury. Development of posthansest packaging and management of dragor
fiuit needs the knowledge of mechanical behavior of the fiuit. The punpose of this research was to study mechanical behavion
of dragon fruit at full maturity. Methodology comprised contact loading by means of the universal testing maching INSTRON
5568 using three kinds of compression head (CHj) (ie. rigid flat plate, die and plunger). The [ast two CH varied in three sizes (ie.
468 mm in diameter) and three loading rates (LR) of CH movement (ie. 2525250 mmimin) were used. Mechanica
properties. of concem were fimness (5) defined by the slope of force-deformeation response graph, modules of elasticity (B),
force and deformation at nupiure point. SPSS5 program was used to do analysis of varance.

Results showed that LR and CH significanty affected the mechanical properties (ie. S and E} of dragon fruit at the
significance level of 5% while only LR significantly influenced rupture force and deformation. Details of dragon fruit property is
given inthe paper.

Keyweords - dragon fruit , mechanical behavior
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Figure 3 Die Iaadlng test of dragon fruit with the UTM Instron 5569
22 W33 % Plunger test Frdnia Plunger mwnlﬁumﬁuﬁnaw 4 :uau AL Crosshead TR X
UTM reudinnting {mqmﬂ?ﬁfnmﬂm} 114 Anvil 189 UTM WaZNAWI Plunger Y e Niﬂa‘iumﬂﬂw (Figure 4}
FEAnMEY 2.5 Hu. nmﬂ wmnuﬂnunuﬂ.,mm:.ﬁﬂn mmnnﬂﬂuﬂm.mauu?ﬂ yAa84 10 47 AuiuAaa
fEanNANNg (4) P nmmmwnmﬂu 25 UAT 250 uu. AU FMNATRL WRTIR Plunger mqmﬁumu
guﬂﬂma 6 unz 8 1. TanmaneLuAaTiansAvEILEAY Combination sewinALA=AMEIRS 10 Ty

D.SS&K}iF(I—ﬁz)[ 11 4]3’5

E= : +=
0%

wt (Mohsenin, 1996) 4)
1

fla  R,,R,= ffinulAsesippuuiecduis 1) ; d = duihuduinanaesiong o) ; K =1314

Figure 4 Plunger test of dragon fruit with the UTM Instron 5569
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Figure & Flat plate test of dragon fruit with the UTM Instron 5565
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Figure 6 Typical force-deformation respenses of dragon fruit for loading rate 2.5 and 25 mm/min {a,b,c)
and loading rate 250 mm/min {d)
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2. luadnamutlavegu

Table 1 LARSTERTINTE (LR} ua=stiathang (CH) uﬂnﬂwaamquuﬂﬁﬁﬂmmaﬁﬂnnrnu 5% FinATIUAAH
Fi':l"liJ'Elﬁﬂ‘El'l.I. Table 2 unmrlupdsAuiavEudmiuwsaz Combination 189 LR uaz CH ﬁﬂmmnmunﬁm °'|
e Loading Rate (LR) R ﬂm"m'ﬂuﬁﬂﬁﬁlﬁ-ﬂﬁm NIVASBLILLII Die Loading nmwmum T wufﬂmﬂ
muﬂmamnﬂmmu Hﬂmﬂﬁﬂmﬂ-ﬁﬁﬂﬁl‘ﬂmﬁﬂﬂﬂu wAlunsdiraain Plunger dmifu LR wik 1 e Plunger 3
ﬂnmﬂ'Luruﬂnu fa"m'l,fﬂﬁmm'iu AFA (E)ARR fufhussdunsdl mﬂum 2.5 uaz 25 Uy R udimnuEaRuhen
1Tha 250 un.AnF ﬂﬂngmmrﬂuﬂﬂnmwmTmﬂﬁuqnaumu‘i‘u iHawa Plunger umuﬁnium"guu mﬂaﬁmﬂ'lmﬁ
FNAUANT (4) "i"’lﬂ'?"lﬁ‘ﬂllﬁﬁﬁm%uﬂ‘].lﬁ"lﬁﬂﬂHmﬂQHLﬁEN'ﬁNiHNHNMTﬁ\‘I UASHFTIRIU JF',.i"D’“S ALz
snaFAfiaTlfasiill E anauiied Plunger u'.lmn‘lvmlmm F/D mu%mummﬁm Plunger TrluuA
Deformation ummﬁumﬂlunnnm (Fian3nunil D = 25% 1849m Rupture) Foifulungdl LR = 250 a it Tuadads
AnduAsa e Plunger ummn‘l.um%u f¥u Flat plate 3i8 LR i m‘hmﬂﬂmﬁ*mu%tmwmnﬂamnu
Janmnpas (1984) ERNITNARELILLIL Quasi — static WAS Impact compression U Apple m.lﬁ Golden delicious
Fintl Flat plate HAMNINARELTNIA TIAAE fafiAnuuTaintion an 7.43 1ths 7.50 MParudn

Table 1 Analysis of variance of modulus of elasticity of Dragon fruit

Source Type 1l of Mean Square F Sig.
Sum of Squares
Corrected Model 123.882 3 41.294 B27.758 000
Intercept 152,548 1 152,548 1949 666 000
Loading Rate {LR) 56.982 1 56.982 728.258 000
Compression Head {CH}) B8.208 1 B8.208 104 898 000
LR*CH 4.169 1 4.169 53278 000
Emor 16.118 206 7 B24E-02
Total 380.000 210
Comected Total 140.000 209

a. RS5quared = 885 (Adjusted R Squared = B83)

Table 2 Modulus of elasticity of Dragon fruit (MPa) vary from size of Compression Head and velocity

Compreasion Loading Rate (mmfmin)

Head 25 25 250
Die 4 5.137 £ 1.083 0812t 0.108 0.125 T 0.019
Die & 32121 0.481 0.657 £ 0.105 0.121 L 0.005
Die & 1465 0793 0.486 T 0.071 0107 * 0014
Ball 4 99.364 T 40.303 3.989 + 0670 0.231 L 0.029
Ball 6 78.575 1 40.303 37531 0870 0.265 1 0.029
Ball B 55.656 £ 10.316 3.207 + 0.082 0.335 £ 0.036

Flat Plate 0346 T 0.036 0.428 1 0.063 0472t 0147

3. Aohuie

Table 3 umA¥dn LR uaz CH ﬁ"ﬁn"ﬁwaﬂﬂ"Nﬁﬁﬂﬁwﬁmwwﬁﬁﬁﬁrﬂumﬂuﬁﬁm 5% eArLLLe
TI"IWHH"J'EI F/D Table 4 usnswin F/D \ndn + dqummmummimﬁwmma- Combination 184 LR uaz CH
\ile Loading Rate iy mmwumuuﬁq.,ﬂnaﬂwn ] TUARINA BT Flat plate dwanestiauii 1 fidmm
n9s 2.5 AN I.!-Jﬂ']'l.l.']ﬁ‘lﬂ']ﬂﬂiﬂm%ﬁ‘]ﬂ‘ﬂum&lﬂuﬁﬁiuﬂHﬂ-ﬁ widiaAuEaiaduily 25 uaz 250 uuAn

a7
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' i w = & - | - i o o 4 , 4
Wi dlernAseainafiytuAyuiuiisnAL AN Ay Flat plate disfRnnsfivaun Aeonuuiiieas
o X - a - - '
s Feflanuduiugh luf AnraAnaiulupdsAMEREL
Table 3 Analysis of variance of firmness of Dragon fruit

Source Type Il Sum of df Mean Square F Sig.
Squares
Comected Model 129.260 3 43087 B26 466 000
Intercept 154.749 1 154748 2968 303 000
Compression Head (CH) 31.070 1 31070 595 965 000
Loading Rate (LR) 14791 1 1479 283 705 000
LR*CH 1.162 1 1.162 22283 000
Error 10.740 206 6213602
Total 980.000 210
Comected Total 140,000 209
a. RS5quared = 923 (Adjusted R Squared = 822)
Table 4 Firmness of Dragon fruit {N/mm.)
Compreasion Loading Rate {mm/min)

Head 25 25 250
Die 4 22038 1 4645 3.482 1 0.463 0537+ 0.082
Die & 20,668 T 3.095 4229t 0674 07791+ 0030
Die 8 12674 1 6.800 4.166 T 0.606 0820t 0119
Ball 4 216361 7.970 2627 T 0.561 0484 0.080
Bal 6 21.335 1 6.361 3233+ 0644 0630 £ 0.113
Ball & 16120 L3042 30330875 0.984 T 0.104
Flst Plate 6.413 T 0.800 7.667 T 0.686 8660 T 2614

4. ureuazmalfeuz o sAnamin

r-v-v-1

Table 5 unmu-amﬁmﬂ"ﬁn'ﬂuuﬂﬂmuiﬂ LR ﬂﬁﬁﬂ?ﬁ“aﬁﬂ’iﬁf&lﬁ’ﬁm“ﬂﬂﬂﬂﬂﬂ'ﬁu 5% BEUMNA
ﬁmummm F, ARaees Ft eimummmﬂaﬁwﬂwm LR una:‘rnunnuﬂm'lf'a‘lu Table 6 F, Tty
unﬂﬂnamnumﬂmlgwm failure threshold compressive force muauﬂﬂlﬂﬂm Golden Delicious 970 94 N 1u
mananeusting W 110 N Taunsnszunn (Jarimopas, 1984)

Table 5 Analysis of variance of Rupture Force of Dragon fruit

Source Type Il Sum of of Mean Square F Sig.
Squarea
Corrected Model 114518 3 38173 30a.588 000
Intercept 193.037 1 193.037 1560.515 000
Loading Rate (LR) 93851 1 93551 7E6.271 000
Compression Head (CH) E.7E7ED2 1 5.767ED2 466 ABE
LR*CH 34B4E-02 1 3464E-02 .280 5a7
Emror 25482 206 124
Total 940.000 210
Comected Tetal 140.000 209

a. R Squared = 818 (Adjusted R Squared = 815)
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Table & Rupture Force of Dragon fruit (N)

Loading Rate {mmymin} 25 25 250
All CH except flat plate 0329 10184 0623+ 02382 0.809 ¥ 0234
Flat plate 15576 £ 3415 17652 + 3768 20370t 6018

Table 7 udAseranFARPEAuulnlznen LR ﬁﬁn‘ﬁ“ﬁasiﬁﬂ'miﬁ'ﬂugﬁjﬂ whn D, aﬂﬂﬂfn'&lﬂﬂﬁmﬁ
72U 5% Interaction 72win LR uaz CH iiévignarie D, aﬂﬂﬂfn'&ldﬂﬁmﬁqﬂ #ati D, AwFIusiaz Combination
184 LR uaz CH nnuﬂm’ﬁ‘lu Table 8 wmau’hnn manﬁummnﬂmnﬂmir:m 250 33 Al D, 3sauindions
FRLIBLTTNATELLII Die L8 Plunger fiAnAnui1eA {1‘1.I'I"Iﬂ"| annA) (e 1.008 1 (cv =8 9%) whadfans
FRLIELuRa Flat piate Thid1 D, mnzziu LR Aeueasiiniai 2,357 s (ov =0.3%)

Table ¥ Analysis of variance of Rupture Deformation of Dragon fruit

Source Type Il Sum of of Mean Square F Sig.
Squares
Corected Model 114 961 3 38.320 316263 {000
Intercept 179141 1 179141 1473802 000
Loading Rate (LR) 24 786 1 24 786 203820 000
Compression Head (CH}) A73 1 A73 1.469 277
LR*CH A92 1 A92 4 (M6 046
Emor 25039 206 A2
Total 980.000 210
Comected Total 140.000 9

a. R Squared = 821 (Adjusted R Squared = 819)
Table 8 Rupture Deformation of Dragon fruit (mm.)

Compression Loeding Rate {mm/min)

Head 25 25 260
Die 4 0.016 T 0.009 1518 T 0.0a3 11031 0264
Die & 0.023 * 0002 0263 T 013z 1286 * 0049
Die 8 0.061 = 0.039 0.246 £ 0.023 10631 0160
Ball 4 0.011 1 0.003 0.102 T 0012 1041 Tome
Ball 6 0.013 * 0.003 0.109 T n.002 109310167
Ball 8 0.100 £ 0.001 0.108 L ooz 103t 0me

Flat Plste 23061036 2301046 2408+ 0.14

51

A7 Contact loading test funaufadianslaamsulaBeuiang 3 18a A Die, Punger, Rigid fat
plate  WazfRINANERIN slow rate (2.5 — 25 ML .ﬂm} quil fast rate ( 250 WaLAH) mmqnﬁm.ﬂmﬂmm
nnﬁﬂaﬁﬁﬂwﬂLiﬁnﬂ'nmummnmmwiﬂnmwrnu 5% hnaﬂmwﬂﬂuwuﬂ'mwmmua Turnsigan
mmnﬁwaﬁﬁuﬁnﬂm:ﬂmﬂﬁﬂugﬂ'ﬂ-gnumnunaﬂwuuﬂﬂﬂﬁfy
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TumsadinmanfilsniinBinasussnsdainuniaunmessrataning
Mathematical Mode!l Estimating Volume and Quality Grading of Thai Rose Apple Fruit

Tadia luma’ uas ilan ym'
Bundit Jarimopas' and Chanida Bupata'

Abstract

The purpose of this research was to a.) design a mathematical model estimating volume of a rose apple
fruit based on conical shape assumption, b.) study quality grading of rose apple for 3 cultivars, i.e. Toon Glao,
Tubtimjan and Thongsamsri graded by growers. Result showed that the linear regression between true volume (V)
and estimated volume {V) for the 3 cultivars is Vt =1 8528V —54208 cm’ (R° = 092),
Vt —079’2V +20.187 cm® (R°=0.99), Vl "0888\' —2.9392 cm® (R*= 098) respectively.

Toon Glao cultivar were divided into 3 classes narnery Yod, Piset, Taeg with average fruit weight 100.70,
73.13 and 88.96 grams respectively. Tubtimjan cultivar for the foreign market consisted of 5 grades, i.e. 4A
(152.09 gm), 3A (131.73 gm), 2A (119.54 gm), A (94.98 gm) and blemish respectively. For the local market there
were 3 grades, i.e. big (128.78 gm), medium (111.23 gm), blemish respectively. Thongsansri was divided into 6
grades, i.e. 5A (3-4 fruit’kg), 4A (4-5 fruitkg), 3A (6 fruit’kg), 2A (8 fruit’kg), A (10 fruit’kg), blemish. Each grade
when exported must be premium quality and without blemish.
Keywords : Mathematical Model, Grading, Rose Apple
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Figure 1 assume shape rose apple look like a cone.
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(C) Thongsamsri
Figure 2 Linear regression of the true volume and estimated volume
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Table 1 Comparison of damage area per fruits and damage percent per fruits for rose apple.

average damage area per fruits average damage percent

cultivar Market calss bruising abrasion crack cut bruising abrasion crack cut
(cm’) {em’) (cm) (cm) (%) (%) (%) (%)

yod 023 0.36 0497 0.06 55.0 50.0 80.0 10.0

Toonglao  Local market piset 0.30 0.09 0.39 0.00 55.0 300 55.0 00
taeg 0.72 0.55 092 1.40 80.0 75.0 65.0 40.0

big 0.08 0.01 0.30 0.00 25.0 15.0 55.0 0.0

Local market medium 0.03 003 0.30 0.00 200 150 40.0 0.0
blemish 023 0.04 047 4.42 55.0 200 S0.0 100.0

Tubtimjua an 0.25 0.04 0.00 0.80 50.0 15.0 00 55.0
3A 01 0.01 0.03 0.24 400 15.0 5.0 250
Expont

24 0.05 0.00 0.00 0.23 10.5 0.0 0.0 26.3

A 0.45 0.04 0.00 0.24 50.0 50.0 0.0 20.0

3A 0.06 0.23 0.09 0.00 35.0 70.0 200 0.0

Local market 28 0.08 0.30 0.05 0.04 25.0 85.0 10.0 0.0

Thongsamsni

and Export A 0.05 0.15 0.14 0.00 20.0 55.0 250 5.0
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Abstract

The purpose of this research was to determine conditions influencing the design of java apple fruit sizing
machine. Modelling fruit volume as a function of fruit diamester was presented and mechanical sizing of diverging
belt was consequently proposed. Variation of two design conditions, i.e. belt speed S and belt angle A against the
performance of the sizing machine was carried out. Testing and statistical analysis were conducted with the
experimental sizing machine.

Results showed that S and A significantly influenced the machine performance in terms of mean
contamination ratio, sizing efficiency and sizing capacity. The appropriate conditions contributing the best sizing
were the belt speed of 12 m/min and the belt angle of 80 degrees.

Keywords : Java apple , sizing

Introduction

Java apple is one of the favorite fruit of Thailand. It is tenderly sweet, crunchy and rich of nutritional
values {Reference). Mormally, fresh java apple production includes sizing in order to increase revenue and
encourage packaging. Java apple sizing is typically manual which requires lots of labor. Nowadays, agricultural
labaor is expensive, hardly available and difficultly managed. Therefore, development of a sizing machine for java
apple fruit becomes essential.

Developrment of an agricultural machine necessarily uses engineering design. Fundamentally, the design
should incorporate the understanding of conditions (e.g engineering, physical characteristics, geometry of the
agricultural material and machine} influencing the machine performance. For example, variation of rotating disk
speed and pattemn of sizing aperture against sizing error, efficiency and capacity were determined before
selection of the proper design of the mangosteen fruit sizing machine (Jarimopas et al., 2007a). Effects of knife
angles and fruit rotating speed ({Jarimopas. et al, 2007b; Jarimopas and Pechsamai, 2002) on the trimming
quality of young coconut fruit was determined before the decision of the appropriate design of the young coconut
fruit trimming machine. Influence of machine component dimension, roller speed, belt speed upon sorting
effectiveness between soil clod and onion or between soil clod and potato was determined before the proper
design of the sorting maching was selected (Feller et al., 1984; Feller et al., 1985).

The purpose of this research was then to determine the conditions influencing the design of java apple
fruit sizing machine and obtain the proper design conditions.
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Material and Method
1. Determination of the condition of sizing mechanism
Growers often visually size java apple by fruit length and width. Java apple of several cultivars looks like
cone. If this concept is true, the fruit volume should be proportional to fruit width or base of the cone (Fig.1). And
sizing rmechanism would be easily selected. Sixty newly harvested, damage free java apple fruits of Toonklao
cultivar were randomly selected for small, medium and big size, 20 fruits each. True volume (V) of each sample
was measured by water displacement method presented by Mohsenin (1896). Maximum fruit width d was

measured by vernier caliper. Estimated volume (V) of each sample could be calculated as follows:-

s
V. = —tanfd’ (1)
24
Where d = maximum width of the fruit sample
W = Estimated volume of a java apple sample

c

§] = slope angle of the fruit body (degree)
For Toonklao, Tubtimjan and Tongsamsri B=75and 79 respectively. Comelation between vV and V_was

analyzed and sizing mechanism was chosen.

length

width

Fig 1 Typical java apple fruit

2. Determination of belt speed and angle condition

Testing of the sizing machine to evaluate mean contamination ratio {error), sizing efficiency
and sizing capacity was performed by varying two conditions of belt speed (4 levels : 3, 6, 9, 12 m/min) and belt
angle (2 levels : 75 and 80 degrees). Fourty five apple fruits (15 fruits/size) of Toonklao cultivar were for a
replication and five replications were used for a combination of speed and belt angle. The previous procedure
was repeated with the other two cultivars of Tubtimjan and Tongsamsri. ANOWA was done and proper condition

of the sizing machine was selected.
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C, = Mean contamination Ratio
E, = Sizing efficiency (%)
Q = Inflow rate of java apple (kg/hr)
Nti = MNumber of size i dropping into receiving tray size |
Ni = Number of java apple size i inputting to the sizing machine
ZNi = Total number of java apple inputting to the sizing machine
Pg- = Fraction of fruit size i to tofal fruit dropping into receiving tray size i
Ngi = Mumber of size | dropping correctly into receiving tray size i
Nu = Total number of fruit dropping into receiving tray size i
W, = Weighted function
Ki = Relative value fraction of grade i
Pi = Fraction of size i to total fruit at the beginning of sizing
Gi = Qutflow rate of java apple size i (kg/hr)
W, = Total weight of java apple fruit in recelving tray size i
W, = Total weight of java apple corresponding o Elﬁ.li

—

= Sizing time

1. Sizing mechanism

Good comelation was found between V and V_. The associated linear regression was as follows:-
—.A2)
A3
.A4)

\ (Toonklao)

V (Tubtimjan)

V (Tongsamsini)

Results and Discussion

185V _-5430 (R°=082)
0.79V_-2019 (R°=099)
089V -284 (RP=09)
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This could be deduced that the java apple width was reasonably applied to be the sizing diameter. As a
result, the diverging belt the operation principle of which was fruit diameter was selected as the sizing
mechanism. The java apple sizing machine featued 2 food grade, 1.2 m long diverging belts mounted inclined to
the horizontal plane at ¥ angle (Fig. 2). The 'y angle was so designed as to be adjustable. Diverging angle of each
belt was [3 degree to the machine axis. The belt was powered by a 220 V. 60 hz gear motor. The sizing machine

could size java apple into 3 sizes (small, medium, big). The sized java apple fell out of the belts down to receiving

tray.

Machine axis

.

Fruit Diverging belt f{:
/
!

{

Belt

Fruit travel
movement Java apple fruit

J
T

Diverging belt

Fig 2 Schematic diagram of belt angle

2. Fruit physical characteristics

Table 1 showed rmaximurn diameter, D___height h and weight W of java apple fruit
categorized to size and cultivar. For Toonklao, D__ , hand W were 598.3 mm, 86.4 mm, 100.7 gm of the big size,
55.6 mm, 78.1 mm, ¥5.5 gm of the medium; and 54.7 mm, 76.1 mm, 70.8 gm of the small respectively. For
Tubtimjan, O__, h and W were 65.6 mm, 88.1 mm, 152.1 gm of the big; 62.4 mm, 84.7 mm, 131.7 gm of the
medium; and 61.0 mm, 83.7 mm, 118.5 gm of the small respectively. For Tongsamsri, Dm, h and W were 63.7
mrm, 88.9 mm, 139.7 g of the big; 62.6 mm, 80.4 mm, 118.3 gm of the medium; 59.7 mm, 82.5 mm, 110.2 gm of

the small respectively.
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Table 1 Physical characteristics of the mature java apple fruit of Toonklao, Tubtimjan and

Tongsamsri cultivar

Cultivar Size D_ h W
{mnn) {mm) (gm)
B 5831348 B64151a 100.7E11.0a
Toonklao M 5565190 7813124 b 755547 b
5 BM7irTc 76.1136¢C TOBFS3cC
B 656116a g81138a 152 1+188a
Tubtimjan M 624f34b B47168D 1317479b
5 61.0026¢C g3Tiazc 119547 8¢C
B 63.7129a 889160a 130740248
Tongsamsti M 6261250 804333b 118.316.0Db
5 s07t22c B25130c 1102461 ¢

Note - D__ = maximum diameter; h = fruit height ; W = fruit weight

* For a certain cultivar, the same letters following the numbers in the same column implies insignificant

difference at the significance level of 5%.

3. Belf speed and angle

Belt speed and angle of Tongsamsri sizing significantly affected mean contamination ratio,

sizing efficiency and sizing capacity at the significance level of 5%. Due to interaction effect of speed and angle,

Table 2 presented mean and standard deviation of El , E_ and Q regarding the speed and angle. Minimum E,

of 15.6% and maximum E,_ of 84 4% happened at the belt angle of 80 degree and the belt speed of 9 rpm.

Table 2 Statistics of sizing performance of Tongsamsri listed in different combinations of belt angle and speed

Belt angle Belt speed Q ER E,
(degree) (rpm) (kg/hr) (%) (%)

3 s019+1756a" 13.1428a 87.1128a

75 6 538513120 19114 8B 8071490

g 58051163 ¢ 170+23¢ 830t+23c

12 61271346 d 27.4133d 726+33d

3 44874204 153+35a 8471+35a

&0 & 538541490 110344 b aa0d44b

8 56481203 ¢ 156346¢ 844t46c

12 558 81324 d 3861554 61.4155d

Note : * For a certain belt angle, the same letters following the numbers in the same column implies insignificant

difference at the significance level of 5%.
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Belt speed and angle of Tubtimjan sizing significantly influenced mean contamination ratio and sizing
efficiency at the significance level of 5%. The interaction between belt angle and speed significantly affected only
the sizing capacity. Table 3 showed the sizing capacity of Tubtimjan at different combinations of belt angle and
speed. Table 4 showed the results of Duncan Multiple Range Test of Ex and E_ affected by belt speed and belt
angle. The minimum Ex of 12.3% occurred at the belt angle of 80 degree and the belt speed of 9 rpm resulied

the proper sizing capacity without facing much error. In conclusion, the proper condition of java apple fruit sizing

machine was probably at the belt angle of 80 degree and the belt speed of 9 rpm.

Table 3 Statistics of sizing capacity @ of Tubtirnjan

Belt angle Belt speed G
(Degree) (rpm) ka'hr)
3 4807126643
75 g 5250401 b
g 56741532 ¢
12 58021176 d
3 3322+196a
80 6 4530210
9 51241278¢
12 5204157 d

Mate - ~ For a certain belt angle, the same letters following the numbers in the same column implies insignificant

difference of the significance level of 5%.

Table 4 Mean contamination ratio and sizing efficiency by means of Duncan Multiple Rang test

Belt Speed Cy (%) E; (%)
(rpm)

3 85134 a* g915+34a

6 16.246.0 b 837+6.3b

9 174459 823+63b

12 19.015.0 b 8041560

Mate : * The same letters following the numbers in the same column implies insignificant difference at the

significance level of 5%.
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Table 5 Mean contamination ratio and sizing efficiency by means of Duncan Multiple Rang test

Belt Angle C, (%) Ey (%)
(degree)
75 18.3+6.8 8 812+73a
80 12.3+44b 876144 Db

MNate © ** The same letters following the numbers in the same column implies insignificant difference at the

significance level of 5%.

Conclusion

The conditions influencing design of a java apple sizing machine included sizing mechanism, belt angle
and belt speed. Determination of the conditions using two cultivars of Tongsamsri and Tubtimjan as samples of
design was presented. The proper condition was characterized by diverging belt sizing, the belt speed of 9 rpm
and the belt angle of 80 degrea.
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