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## 5370288621 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS : ENERGY PRODUCTIVITY / PROCESS TIME PRODUCTIVITY / ENERGY
REDUCTION / TUBE ICE
PUNYAPORN PAOPAHON : ENERGY REDUCTION FOR TUBE ICE PRODUCTION
SYSTEM. ADVISOR : ASST. PROF. SOMCHAI PUAJINDANETR, Ph.D., 105 pp.

The purpose of this research was to improve on energy and process time productivity of
tube ice production. Material balance of water in and out and electric power consumption in
production process were measured. Ice making process control factors which were ice making
time of 33.50, 34.50, 34.75, 35.00 and 35.50 minute and defrost time of 4.50, 5.00 and 5.50
minute were varied for affecting the size of tube ice product. The inside and outside diameters of
tube ice were randomly measured.

The study found that (1) the material balance demonstrated that chilled water of 401
lilt/production cycle from production process was drained. Then the adjusting level of float ball
within the equipment could reduce chilled water drain from 401 lilt/cycle to 96 lilt/cycle, and also
give the energy decreased by 2.87 kwh/cycle, or saving of 8.16 bath/cycle, (2) Ice making time of
34.50 minute and defrost time of 4.50 minute could produce the tube ice inside diameter average
of 9.63 £ 0.14 millimeter being in control with the specification of 9.5 + 0.5 millimeter; the
electric energy consumption was reduced from 100.25 to 97.6 kwh/cycle or saving of 2.65
kwh/cycle (7.53 bath/cycle); energy productivity and process time productivity were increased
from 14.86 kg/kwh and 37.84 kg/minute to 15.58 kg/kwh and 38.99 kg/minute, respectively. The

overall money-saving was 46.4 bath/cycle or 150,000 bath/year.

Department : Industrial Engineering __Student’s Signature

Field of Study : ___Industrial Engineering

Academic Year: 2012
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, v
AN V.1 MITITIUIUMINAAOIT NN TUYDINITNAADA

i L, T,= - T,

1 8.66 -0.030 0.00090
2 8.73 0.043 0.00188
3 8.71 0.020 0.00040
4 8.51 -0.183 0.03361
5 8.64 -0.050 0.00250
6 8.89 0.200 0.04000
m 8.69 2T, =0.079

7 T 3 .
NATNN V.1 uﬁmﬁqmimmmumimaawwﬁmmgamamsmam Tagan

o 1 4 2’, o 3o’ 4
msmwammmﬁumg{uﬂﬂmqmsﬂumﬂmimam 6 N33 WIN1VTUIUNITNADDIN Lﬁ’f)\imﬂ

T X v Y ! 7 y 24X
nJuﬂm”l,slf“luﬂmm‘ﬂaujmmumuumwa@ﬂ"lmﬂmmﬂmmmaﬂiwmuazgﬂm NIUIE N
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4 . ° ° 2 Y1
"lﬂﬁ]']ﬂ’rﬁfnﬁ Operatlon Characteristic Curves Tﬂﬂ(luﬂ’liﬂ']ujmﬁ'ﬁ]']ujuﬂ'ﬁﬂﬂaa\jqﬂ {l]gclclfﬂ']

'
%

Weawuuanasguveadurgudnalsnelumiin 0.13 wagivuald o Jauniny 0.05 Wu

H
A [ a 9 = Py 9 o gol Y o g
ﬂi’)ﬁnﬂﬁﬂﬂ@ﬂJﬁUﬂ'J"l‘JJWﬂWﬁWﬂllﬂ 5% “]Nq@'l31/]15])'11!ﬂ1§WT%WH’JHﬂWiWﬂa@QWHLﬁﬂQllﬂ JU
ny t?

P2 =
ac?

Y1 o

1 Y
Wounum X T, auaz o 9z 1dn1asil

n(0.079)

2 | —
6(0.13)2

®2 = n(0.7819)

Tag v,=a-1=6-1=5




JUN 0.1 OC Curve 1l V, =5
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A1519% 9.2 AAMTHITIUIUNITNAQBIFIHLIZ TUVDINTNANDY

79

n P2 P V,=a(n-1) B Power
4 3.1278 1.7685 18 0.180 0.820
5 3.9097 1.9773 24 0.059 0.941
6 4.6917 2.1660 30 0.025 0.975

o [ { < 1 o 2 A
Fl]'lﬂWﬁﬂ'liﬂ'lH'Jﬂlﬂ\?@'li?ﬂ‘ﬁ 9.2 Llﬁ@\1Gl,ﬁll,?iu’ﬂﬂ’luﬂuﬂ’liﬂﬂa’ﬂﬂ%’lﬁlﬂﬂ1$ﬁiJGU'E'Nﬂ'li

A g’l ! dQ! d‘ d' g’l 1 da! ISUAl 1
NANDIND FINLLA 5 ﬂTi‘l/]@ﬁfN"lluUl’]J LUDIINN n AULA 5 61]11'11] U1 Power ¥10NI1 0.90
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< J o a ]
Tumsnadon Normality test 9215 un1sn1Ndoyalimsnszareamuulnanio b
A g}/ a Y o dy
Tﬂ‘t’JLiiJﬂWﬂﬂﬁ@l\iﬁiJiJ@lﬁWu ‘lﬂmu
9 = o a
H,: ﬂl@uﬁﬁuﬂﬁﬂﬁ%%Wﬂ@’)Ll‘U‘Uﬂﬂﬂ
9 1= o Aa
H,: GllﬂiJ”aubJJJﬂﬁﬂi%ﬂTc’Jﬂ’)LlU‘U‘]Jﬂﬂ
o Y = " v 9 o a s o 9 ] o
ﬂ']?il!ﬂﬁlﬁ QL UAUNINY 0.05 UAININITAUATIEUHINITNISIYAIVBIAURNIFTUINA

' 4 a Jd o
molu vazidurigudnatanionen Taens 19 1lsunsy Minitab V.16 lumsnsizd s1ld

Y
Y v A
lanadail
99
Mean 8.663
StDev 0.1465
95 - N 15
AD 0.344
90 A P-Value  0.439
80
70 A
= 60
5
5 2
A 407

1 T T T T T T T T
8.3 8.4 8.5 8.6 8.7 8.8 8.9 9.0
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VAT HFIALN 1amealy

511 A.1 MInAdoU Normality test Yo udurAUINA19A 0 U
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35.57
0.09898
15
0.415
0.291

99
Mean
StDev
95 N
AD
90 1 P-Value
80
70
= 601
5
2 501
&£ 40
30 A
20
10
5 -
l T T T T T
35.3 35.4 35.5 35.6 35.7 35.8
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91103515y Minitab 9198w ugasldiiui idurigudnatenielu waz
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s Y 1 Y d' A [ U
ﬂﬁlﬂ‘]Jﬂli’)Hﬁﬂl@Q!lﬂﬁ%ﬁﬂ‘%ﬂﬂ l‘Wi’)lﬁ@ﬂ‘i%ﬂU‘ﬂﬂﬂﬂ
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{ 1 s o ¥ & 3 3 {
@nﬁ']\ﬁ?] 4.1 %}@Halﬁuw1ﬁuﬂﬂa1\‘]ﬂ1ﬂiu U LIDTMIUEUNIANNG l’Ja'laza']fJuulslNﬂqcﬁ

Y 1 d
saumgmﬂnmamﬂ“lu (V)

o a
naazagHIY (1N)

5.00
nmﬁnimsﬁa (mﬁ) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
ﬂ%ﬂ‘ﬁ 1 10.44 £ 0.12 9.85+0.13 9.23+0.11 8.58 £ 0.14 8.66 £0.15
ﬂ%ﬂ‘ﬁ 2 10.87 £0.11 9.79+£0.10 9.32+0.10 9.05+0.13 8.73+£0.14
ﬂ§0ﬁ3 10.13 +0.15 9.77+0.10 9.39+0.11 8.98 +0.14 8.71+£0.12
ﬂ‘é”\‘]ﬁ4 10.40 £ 0.14 9.87+0.12 9.45+0.12 9.00+0.11 8.51+0.11
ﬂ%ﬁﬁ 5 10.25+0.12 9.57+0.14 9.20+0.10 8.89 £0.13 8.64 £0.15
ﬂ'nﬂéﬂ 10.42 9.77 9.32 8.90 8.65
ﬁuﬁ'mmummgm 0.13 0.12 0.11 0.13 0.13
C.V. (%) 1.23 1.21 1.16 1.46 1.55
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{ 1 s o ¥ & g {
@nﬁ']\ﬁ?] 3.2 %@Halﬁuw']ﬁuﬂﬂa']\‘]ﬂ']ﬂuﬂﬂ U LIDTMIUULUIANE na']aga']ﬂun!elNﬂQﬁ

d
EURIFUEINNINEUDN (MN.)

o a
naazagHIY (1N)

5.00

naniihnda andl) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
adad 1 3542 +0.12 35.61 £0.12 35.64 £0.12 35.46+0.10 35.57 +0.09
asadi 2 35.53+0.10 3549 £0.11 35.51 +0.14 35.65+0.10 35.55+0.10
adad 3 35.53 +0.12 3549 £0.11 35.53+0.13 3548 +£0.12 35.68 +0.10
adadt 4 35.37+0.13 35.61 +0.12 35.51 £0.15 35.67+0.10 3544 +0.11
adadt s 35.65+0.10 35.58+0.11 35.64£0.11 35.55+0.10 35.59 £ 0.09
Aunde 35.50 35.56 35.57 35.56 35.57

ﬁ]!‘ﬁ'ﬂ\‘imumﬂ§§1u 0.11 0.11 0.13 0.10 0.10
C.V. (%) 0.32 0.32 0.37 0.29 0.28
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{ % o 3 S 0 H <3 {
@]']31\1“?] 3.3 f’ﬁjaylawawm U LIDTMIUEUIANNG nmazawummmﬁ

kwh
nmazmmﬁmﬁa () 5.00
!’Jmmﬁ]&!ﬁﬁd i) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
ﬂ%ﬁﬁ 1 95.89 98.39 99.16 98.53 100.86
ﬂ%ﬁﬁ 2 96.11 98.63 98.69 99.11 99.09
ﬂ%ﬁﬁ 3 97.51 98.61 98.72 98.62 99.64
ﬂ%ﬁﬁ 4 97.63 98.23 97.88 98.67 99.91
ﬂ%ﬁ“ﬁ 5 96.78 98.41 98.00 98.59 101.77
ﬂ'nﬂéﬂ 96.78 98.45 98.49 98.70 100.25
ﬁuﬁ'mmummgm 0.79 0.17 0.54 0.23 1.06
C.V. (%) 0.82 0.17 0.55 0.24 1.06
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A ) ? g o ¥ 3 1 3 3 A
AT NN 14 mayaﬂ?mmuum U IATMUNLUIANE LIS UUIUIANIN

3nanimd (pn./sev)

o« a
naasagHIUe (H1N)

5.00
nmﬁnﬁnﬁa (mﬁ) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
ﬂ%ﬂ“ﬁ 1 1481.1 1510.00 1493.60 1513.50 1550.90
ﬂ%ﬂ“ﬁ 2 1469.20 1520.00 1499.30 1533.00 1535.00
ﬂ%ﬂ“ﬁ 3 1463.10 1519.00 1513.4 1528.00 1544.10
ﬂ%ﬂﬁ 4 1431.60 1522.90 1527.70 1536.50 1535.70
ﬂ‘:gi”dﬁ 5 1443.20 1514.30 1520.90 1537.20 1575.60
Fhmélt’l 1457.64 1517.24 1510.98 1529.64 1548.26
ﬁnﬁmmummgm 20.00 5.09 14.34 9.73 16.62
C.V. (%) 1.37 0.34 0.95 0.64 1.07
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A ) 3 v o ¥ & 1 ] A
AT NN 1.5 mayaﬂ?mmmm U IATMUUUVIANE LIS ULUIAIN

Banasinih @.)
nanazaeinda i) 5.00
naninda andl) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
adad 1 1,602.20 1,633.20 1,615.40 1,634.80 1,672.30
asadi 2 1,589.00 1,639.70 1,621.00 1,654.30 1,654.50
adaft 3 1,583.30 1,640.60 1,634.20 1,647.10 1,662.90
adadi 4 1,551.10 1,643.90 1,649.30 1,659.20 1,657.40
adadt s 1,562.20 1,637.90 1,640.50 1,659.60 1,698.70
Aunde 1,577.56 1,639.06 1,632.08 1,651.00 1,669.16
ﬁhaﬁ'mmummgm 20.66 3.93 13.90 10.37 17.85
C.V. (%) 1.31 0.24 0.85 0.63 1.07
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{ 3 g & o 3 3 1 O {
@]']'D'Nﬁ 4.6 éﬁjaylamwum U ITMULUIA NG nmazawmummﬁ

HUAUNY (a.)

o« a
naazayHIY (1N)

5.00
naninda andl) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3.4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
adad 1 96.9 97.6 99.4 96.9 96.2
asadi 2 98.4 97.9 97.9 97.9 97.4
adad 3 97.3 98.4 98.7 95.3 96.3
adadi 4 97.6 98.8 98.1 97.9 96.7
adadt s 97.4 98.5 97.6 98.25 97.2
Aunde 97.52 98.24 98.34 97.25 96.76
ﬁuﬁ'mmummgm 0.55 0.48 0.72 1.20 0.53
C.V. (%) 0.57 0.49 0.73 1.24 0.55
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{ o a o o ¥ & 3 g {
m’iN‘ﬁ 3.7 "lgljﬂy'a’emimawa@l%uwmﬁu U LIDTMUULUIANE L'Ja']aga']ﬂu“lslNﬂ\‘]:ﬁ

NI INANAAMIUWAINY (PN./kwh)

o« 2
naasagHIUe (H1N)

5.00
nmﬁn%nm?a (‘L!Tﬁ) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)
ﬂ%ﬂ“ﬁ 1 15.45 15.35 15.06 15.36 15.38
ﬂ%ﬂ“ﬁ 2 15.29 15.41 15.19 15.47 15.49
ﬂ%ﬂ“ﬁ 3 15.00 15.40 15.33 15.49 15.50
ﬂ%ﬂﬁ 4 14.66 15.50 15.61 15.57 15.37
ﬂ‘:ai”dﬁ 5 14.91 15.39 15.52 15.59 15.48
ﬁ]mét’l 15.06 15.41 15.34 15.50 15.44
ﬁuﬁ'mmummgm 0.31 0.06 0.23 0.09 0.06
C.V. (%) 2.05 0.37 1.47 0.60 0.41

06



{ g 2 o 3 < y < Y
@]’]3’]\11?] 3.8 %ﬂya@@]ﬁ’]ﬂaﬂa@]@%una’] U LIDTMUULUIANE l']a']aga']flu'llléll\iﬂﬂﬁ

u a Y a =
AT INANANAIHLIAINITNAA (NN./UIN)

1IA1a2a181H IV min)

5.00

nmﬁniméﬁa (mﬁ) 33.50 34.50 34.75 35.00 35.50
Lot No. (1,2,3,4,5) (6,7,8,9,10) (11,12,13,14,15) (16,17,18,19,20) (21,22,23,24,25)

ﬂ%ﬂ“ﬁ 1 38.47 38.23 37.57 37.84 38.29

ﬂ%ﬂ“ﬁ 2 38.16 38.48 37.72 38.33 37.90

ﬂ%ﬂ“ﬁ 3 38.00 38.46 38.07 38.20 38.13

ﬂ%ﬂﬁ 4 37.18 38.55 38.43 38.41 37.92

ﬂ%ﬂﬁ 5 37.49 38.34 38.26 38.43 38.90

?';1!‘?!?;81 37.86 38.41 38.01 38.24 38.23

ﬁuﬁ'mmummgm 0.52 0.13 0.36 0.24 0.41

C.V. (%) 1.37 0.34 0.95 0.64 1.07
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A D) TR s . o 3 ~ 2 g
AT NN 9.1 GUﬂya!ﬁuW']f]ﬁr!f]ﬂa'l\‘]ﬂ']flcluﬂnaﬁlﬂﬁlunlsll\i 34.5 UIN I8 18 ULUIN NG

93

v v q
mumqwnmamﬂu ()

o :’ < =
LIMUWUY (HIN)

34.50
nmazmaﬁmia (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)
asad 1 9.86 +0.10 9.85+0.13 9.81+0.11
A%ad 2 9.49 + 0.14 9.79 +0.10 9.70 £ 0.11
A% 3 9.60 +0.12 9.77 +0.10 9.83 +0.10
A%ad 4 9.64+0.18 9.87 +0.12 9.82 £ 0.09
asad s 9.58+0.11 9.57 +0.14 9.89 +0.12
Minad 9.63 9.77 9.81
ﬂ'H‘ﬁfN!UuN"IWSQ"IH 0.13 0.12 0.11
C.V. (%) 1.35 1.21 1.08

a4 D) ¥ ¢ A o 3 3 ~ 2
AT N 9.2 mﬂyjﬁlﬁuﬂ’lﬁuEJﬂa’NIﬂ’lEIH’E]ﬂT]L’Jﬁ’W]’IuHHN 34.5 YN AL AYUULUINTGG

d
sé’fmhgmsmmamﬂuan (N3.)

o :’ < !
LIIMUWUY (HIN)

34.50

!3@1@3@18‘51&!6{13 (‘I-Hﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)
adait 1 35.58 £0.11 35.61 £0.12 35.80 £0.12
adait 2 35.61 £0.12 35.49 £0.11 3538 £0.11
adaft 3 35.81£0.13 35.49 £0.11 35.43 £0.13
adait 4 35.55+£0.14 35.61 £0.12 35.45+0.14
adadt s 35.45+0.13 3558 +0.11 3541 +0.13
Minag 35.60 35.56 35.49

ﬁnﬁmmummgm 0.13 0.11 0.13

C.V. (%) 0.35 0.32 0.35




{ o { o 3 3 3§ a
A519N 9.3 %’ayjawawmﬁnmmmgm 34.5 U LIS UILUIN N
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kwh
naNA (1N) 34.50
nmaza1m§1wﬁa (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)
asad 1 97.84 98.39 99.36
A%ad 2 97.27 98.63 98.89
a%ad 3 97.53 98.61 99.56
A%ad 4 97.59 98.23 99.65
asad s 97.78 98.41 99.57
Anad 97.60 98.45 99.41
ﬂ'wﬁ'mmummgm 0.23 0.17 0.31
C.V. (%) 0.23 0.17 0.31
Gﬂi'l\?‘ﬁ 2.4 "l?l}’ﬂqu]ﬁﬂaﬁJTl';l‘l‘l?lfl'll,!,%\iﬁlﬂﬁﬂ/hﬁ%l,%\? 34.5 ‘LlTﬁ nmazawﬁuﬁq@hm
WBananinds (PN./501)
nawminga (1) 34.50
!3@1@3@1851!!6{;3 (mﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)
adait 1 1518.00 1510.00 1517
adait 2 1522.20 1520.00 1515.30
adaft 3 1513.60 1519.00 1495.30
adait 4 1524.60 1522.90 1511.30
adadt s 1525.00 1514.30 1519.20
Minag 1520.68 1517.24 1511.62
ﬁnﬁmmummgm 4.84 5.09 9.57
C.V. (%) 0.32 0.34 0.63




A 9 2 ya 0o % < ~ ¥ <3
ATNN 3.5 mayaﬂ?mmumnmammmum 34.5 WUIN I UILUVINNG

95

Fnanivin a.)

o :’ < I
LMWV (HIN)

34.50
nmazmﬂﬁmm“a (1) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)
adadt 1 1641 1633.2 1640.2
asadi 2 1642.8 1639.7 1639.1
adad 3 1636.9 1640.6 1619.5
a%ait 4 1644.5 1643.9 1634.7
adadt 5 1645.7 1637.9 1641.8
Minad 1642.18 1639.06 1635.06
A 3.44 3.93 9.09
C.V. (%) 0.21 0.24 0.56
Gﬂi'l\?‘ﬁ 2.6 %@yaﬁnﬁuﬁaﬁnmﬁwﬁm%q 34.5 ‘Lﬂﬁ nmazawﬁnﬁwﬁm
uduiia (@.)
nawminga (1) 34.50
!3ﬁ1ﬁ$ﬁ1ﬂ£1l!ﬁﬂ (mﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8.9,10) (31,32,33,34,35)
adait 1 98.7 97.6 98.6
adait 2 98.1 97.9 98.4
adaft 3 97.5 98.4 98.3
adait 4 97.8 98.8 98.7
adadt s 97.2 98.5 98.2
Minag 97.86 98.24 98.44
Al 0.58 0.48 0.21
C.V. (%) 0.59 0.49 0.21




{ o a % { o 3 < ¥ <3
ﬂ']'iN“ﬁ 2.7 %’ayjaammawaﬁﬁ’mwawm‘ﬁnmmumm 34.5 1!']‘7] LIS UNLUIN N
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NI INANAAMUWAINY (PN./kwh)

o :’ < =
LIMUWUY (HIN)

34.50

nmazma‘émia (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7,8,9,10) (31,32,33,34,35)

asad 1 15.51 15.35 15.27

A%ad 2 15.65 15.41 15.32

A% 3 15.52 15.40 15.02

A%ad 4 15.62 15.50 15.17

asad s 15.60 15.39 15.26

Minad 15.58 15.41 15.21

ﬂ'wﬁ'mmummgm 0.06 0.06 0.12

C.V. (%) 0.39 0.37 0.78

= 9 @ a 9 P~ o < = 3 1<
AT NN 0.8 VOUADATINANAAATULIATNLIATNIUILLUN 34.5 YN ALY UULUINTGG

(% a vy a I
BAIINANAAATIUIANNITHAA (DN./UIN)

o 2’ < !
NAIMUUI (HIN)

34.50

nmazmm:ium“a (m‘ﬁ) 4.50 5.00 5.50
Lot No. (26,27,28,29,30) (6,7.8.9,10) (31,32,33,34,35)

adadi 1 38.92 38.23 37.93

adaii 2 39.03 38.48 37.88

adad 3 38.81 38.46 37.38

adai 4 39.09 38.55 37.78

adadi s 39.10 38.34 37.98

Anag 38.99 38.41 37.79

ﬂ'Hﬁﬂx‘l!U‘l—!NWlﬁgﬁl 0.12 0.13 0.24

C.V. (%) 0.32 0.34 0.63




A D) TR s . o 3 ~ 2 g
AT NN 2.9 GUﬂya!ﬁuW']f]ﬁr!f]ﬂa'l\‘]ﬂ']flcluﬂnaﬁlﬂﬁlunlsll\i 35 UIN I DYULUIA NG
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v v d
saumﬂwnmamsﬂu ()

o :’ < =
LIMUWUY (HIN)

35.00

nmazma‘émﬁa (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)
asad 1 8.79 +0.13 8.58 +0.14 9.02 +0.14
A%ad 2 8.87 +0.12 9.05+0.13 9.15+0.10
A% 3 8.76 £ 0.13 8.98 +0.14 921+0.11
A%ad 4 8.81+0.16 9.00+0.11 9.14+0.13
asad s 8.84 +0.11 8.89 +0.13 9.1240.10
Minad 8.81 8.90 9.12

ﬂ'wﬁ'mmummgm 0.13 0.13 0.12

C.V. (%) 1.47 1.46 1.27

a4 P Y 7 ~ o ¥ g A Y g
AT 1N .10 mayjmﬁumgfuﬂﬂmamauaﬂmammumm 35 UIN I YULUIANG

d
gé’iumguﬂnmamﬂuan (N3.)

o :’ < !
LIIMUWUY (HIN)

35.00

!'Jﬁ"lﬁ%ﬁ”lf]ﬁ”l!l‘ﬁﬂ (m‘ﬁ) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)
adadi 1 35.65+0.11 35.46 £0.10 35.56 £0.15
adaii 2 35.56 £0.12 35.65+0.10 35.49 £0.13
adad 3 35.55+£0.12 35.48 £0.12 35.52£0.12
adai 4 35.59 £0.13 35.67 £0.10 35.42 £0.12
adadi s 35.65+0.11 35.55+0.10 3545+0.11
Minag 35.60 35.56 35.49

ﬂ'nﬁ'mmummgm 0.12 0.10 0.13

C.V. (%) 0.33 0.29 0.36
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naNA (M) 35.00
nmazmﬂﬁmm“a (1) 4.50 5.00 5.50

Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)

adadt 1 97.90 98.53 99.25
asadi 2 97.56 99.11 99.58
adad 3 97.98 98.62 99.61
adait 4 98.42 98.67 99.89
adadt 5 97.36 98.59 99.46
Anad 97.84 98.70 99.56
?’;"I!‘f'lﬂﬂl'ﬂuﬁﬂﬂ‘5§1u 0.41 0.23 0.23
C.V. (%) 0.42 0.24 0.23

a4 P Z 3 A SSp 20T ~ 2
AT N 9.12 611ayjaﬂ?m1mumﬂmmmmmmm 35 UIN LI AYUUIUINNG

WBanashnds (PN./501)
nanihnds andl) 35.00
nanazmetuda (i) 4.50 5.00 5.50
Lot No. (36,37,38.,39,40) (16,17,18,19,20) (41,42,43,44,45)
ﬂ%\i‘ﬁ 1 1534.50 1513.50 1526.3
ﬂ%\iﬁ 2 1524.10 1533.00 1512.00
ﬂ%\iﬁ 3 1539.50 1528.00 1534.50
ﬂ%\iﬁ 4 1536.20 1536.50 1511.10
ﬂ%\iﬁ 5 1529.30 1537.20 1528.00
f’h!ﬂéﬂ 1532.72 1529.64 1522.38
ﬂ'nﬁ'ﬂamummgm 6.07 9.73 10.35
C.V. (%) 0.40 0.64 0.68
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Fnanivin a.)
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35.00
nmaza1m§1wﬁa (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)
asad 1 1657.2 1634.8 1647.9
A%ad 2 1646.5 1654.3 1633.1
A% 3 1663.1 1647.1 1654.2
A%ad 4 1659.8 1659.2 1631.4
asad s 1651.4 1659.6 1649.5
Minad 1655.60 1651.00 1643.22
A 6.65 10.37 10.30
C.V. (%) 0.40 0.63 0.63
Gﬂi'l\?‘ﬁ .14 %@yaﬁnﬁuﬁaﬁnmﬁwﬁm%q 35 ‘Lﬂﬁ nmazmmfm%whm
viufiuiia (@.)
nawminga (1) 35.00
!'J@"Iﬁ%ﬁ”lf]ﬁ"l!!‘ﬁﬂ (‘1!1ﬁ) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)
adadi 1 98.2 96.9 98.9
adaii 2 98.6 97.9 97.2
adad 3 98.4 95.3 98.5
adai 4 97.9 97.9 98.6
adadi s 98.2 98.25 98.7
Minag 98.26 97.25 98.38
Al 0.26 1.20 0.68
C.V. (%) 0.27 1.24 0.69
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35.00

!’Jﬁ1ﬂ$ﬁ1£l‘1§“l!!°ﬁ¢i (1—!1ﬁ) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)

adadt 1 15.67 15.36 15.38

asadi 2 15.62 15.47 15.18

adad 3 15.71 15.49 15.41

adait 4 15.61 15.57 15.13

adadt 5 15.71 15.59 15.36

Minag 15.67 15.50 15.29

iéiuﬁ'mmummgm 0.05 0.09 0.13

C.V. (%) 0.31 0.60 0.83

{ o a { e < ¥ [~
@ﬂﬁNﬁ .16 ﬂi'ayjaammawa@ﬁ’mnmﬁnmmmum 35 Lﬂﬁ LIRS ATNYUULUIN N
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35.00

nmazmmﬁnw"a (1) 4.50 5.00 5.50
Lot No. (36,37,38,39,40) (16,17,18,19,20) (41,42,43,44,45)

adadi 1 38.85 37.84 37.69

adad 2 38.58 38.33 37.33

adaft 3 38.97 38.20 37.89

adait 4 38.89 38.41 37.31

adadt s 38.72 38.43 37.73

Ainae 38.80 38.24 37.59

ﬁuﬁ'mmummgm 0.15 0.24 0.26

C.V. (%) 0.40 0.64 0.68
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35.50

nmazmﬂﬁmm“a (1) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
adadt 1 8.35+0.11 8.66 = 0.15 8.87+0.11
asadi 2 8.61+0.11 8.73+0.14 8.59 £0.12
adad 3 8.82+0.12 8.71+0.12 8.79+0.13
adait 4 8.50 £ 0.10 8.51+0.11 8.72+0.10
adadt 5 8.54 +0.09 8.64 +0.15 8.70 £ 0.10
Minad 8.56 8.65 8.73

?’;"I!‘f'lﬂﬂl'ﬂuﬁ»ﬂﬂ‘é§1u 0.11 0.13 0.11

C.V. (%) 1.24 1.55 1.28

a4 D) Y 7 A o ¥ g A Y g
AT N .18 "lJE]lqumﬁuN1ﬁuﬂﬂﬁNﬂWEJUE)ﬂVI!’mWHUHHN 35.5 UIN IS UIUIANG
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sé’fmhgmﬂnmamﬂuan (N3.)

o 2’ < =
NAIMUUI (H1N)

35.50

!3ﬁ1ﬁ$ﬁ1ﬂ£1!!ﬁﬂ (mﬁ) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52.,53,54,55)
adait 1 35.58 £0.10 35.57 £0.09 35.79 £0.11
adaii 2 35.53£0.10 35.55+0.10 35.51 £0.14
adaft 3 35.96 £0.19 35.68 £0.10 35.40 £0.12
adait 4 35.51£0.16 35.44 £0.11 35.41 £0.14
adadt s 3549 +0.11 35.59 +0.09 3540+ 0.15
Anag 35.61 35.57 35.50

Fi“‘flﬂ\?!‘ij‘lr!ﬂﬂﬂﬁﬁﬁ—! 0.13 0.10 0.13

C.V. (%) 0.37 0.28 0.37
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naTNA () 35.50
nmazmﬂﬁmm“a (1) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
adaft 1 98.88 100.86 101.25
asadi 2 98.63 99.09 100.34
adad 3 99.17 99.64 100.04
adait 4 99.14 99.91 100.57
adadt 5 99.43 101.77 100.59
Anad 99.05 100.25 100.56
iéiuﬁ'mmummgm 0.31 1.06 0.45
C.V. (%) 031 1.06 0.44

a4 D) ¥ 3 A SSp 20 ~ 2
A1 1N 9.20 "lJE]lqua“lﬁMTmUWLLGUW]L’JE}WHUWLL"'IN 35.5 UIN NAas g UUIN NG

Banasimds (PN./501)
nawiminda i) 35.50
naazmenda i) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
adait 1 1538.1 1550.90 1533.2
adaii 2 1543.60 1535.00 1520.90
A%ait 3 1545.5 1544.10 1550.30
adaft 4 1559.1 1535.70 1554.80
adadt s 1568.2 1575.60 1549.20
Anag 1550.90 1548.26 1541.68
ﬁnﬁ'mmummgm 12.38 16.62 14.20
C.V. (%) 0.80 1.07 0.92
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Fnanivin a.)
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35.50
nmazma‘émia (‘Lﬂﬁ) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
asad 1 1657.8 1672.3 1656.1
A%ad 2 1661.4 1654.5 1641.9
A% 3 1664.1 1662.9 1670.8
A%ad 4 1681.2 1657.4 1675.6
asad s 1689.2 1698.7 1669.5
Minad 1670.74 1669.16 1662.78
A 13.68 17.85 13.73
C.V. (%) 0.82 1.07 0.83
Gﬂi'l\?‘ﬁ 9.22 %@gaﬁnguﬁqﬁnmﬁwﬁm%q 35.5 ‘Lﬂﬁ nmazmmfuﬁwﬁm
viufiuiia (@.)
nawminga (1) 35.50
!'J@"Iﬁ%a”lf]ﬁ”l!!‘ﬁﬂ (‘1!1ﬁ) 4.50 5.00 5.50

Lot No. (46,47,48.,49,50) (21,22,23,24,25) (51,52,53,54,55)
adadi 1 98.2 96.2 98.6
adaii 2 97.4 97.4 97.6
adad 3 96.9 96.3 98.5
adai 4 97.5 96.7 97.5
adadi s 97.8 97.2 97.9
Minag 97.56 96.76 98.02

At 0.48 0.53 0.51

C.V. (%) 0.49 0.55 0.52
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35.50
nmazmﬂﬁmm“a (1) 4.50 5.00 5.50
Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
adadt 1 15.55 15.38 15.14
asadi 2 15.65 15.49 15.16
adad 3 15.58 15.50 15.50
adait 4 15.73 15.37 15.46
adadt 5 15.77 15.48 15.40
Anad 15.66 15.44 15.33
?;"I!‘f'lﬂﬂl'].luﬁ»ﬂﬂ‘é§1u 0.09 0.06 0.17
C.V. (%) 0.59 0.41 1.11

~ ¥ o a v ~ oty o ~ ¥ g
AT NN .24 VBYADATINANAAATULIATNIATNIULUN 35.5 UIN IS UIUIANG

(% a vy a =
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NAIMUUI (HIN)

35.50

o« a
naazagHIMVI (HIN)

4.50

5.00

5.50

Lot No. (46,47,48,49,50) (21,22,23,24,25) (51,52,53,54,55)
adait 1 38.45 38.29 37.40
adaii 2 38.59 37.90 37.10
adaft 3 38.64 38.13 37.81
adait 4 38.98 37.92 37.92
adadt s 39.21 38.90 37.79
Anag 38.77 38.23 37.60
ﬁnﬁmmummgm 0.31 0.41 0.35
C.V. (%) 0.80 1.07 0.92
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