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Pelton Type (Multi Jet Pelton) 3 kW

1/11/2010 %9197

1 Y
Fou'ly 1. naere1A1 Max, Pressure 111 Max, Flow Rate (Test 3 A53) @988 Stator LU YUY

Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load
(kg/em’) (m’ /min) (m/s) V) | A) (Hz) (rpm) (W)
1 9 0.044 0.15 155 0 51.5 1030 no-load
2 9 0.048 0.17 215 0 71.2 1424 no-load
3 9 0.057 0.28 255 0 84.6 1692 no-load
4 9 0.063 0.22 308 0 102.14 2042.8 | no-load
5 9 0.068 0.23 350 0 115.8 2316 no-load
6 9 0.085 0.29 415 0 137.7 2754 no-load
7 9 0.091 0.31 445 0 147.6 2952 no-load
8 8.9 0.097 0.33 480 0 159 3180 no-load

Wi - 69 hiiAunTe P= 8.0 kg/em’

m3saoae I 191/ UGen. &Load dosdaltuuiy a8 liuluaufATe9918Load Volts 92 13

£
YU

wn3oen i Wi 6 Pole
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Pelton Type (Multi Jet Pelton) 3 kW

1/11/2010 %3911

1 9
ou'ly 1. naere1A1 Max, Pressure 11 Max, Flow Rate (Test 3 A59) @988 Stator 1UUYUIU

Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load
(kg/em) | (m'/min) | (m/s) | (V) | (A) (Hz) (pm) | (W)
1 8.9 0.052 0.18 238 0 79.68 1593.6 | no-load
2 8.6 0.108 0.37 230 | 1.1 78.1 1562 250
3 8.2 0.174 0.6 220 | 2.2 77.9 1558 500
4 8 0.22 0.75 223 | 3.3 82.3 1646 750
5 8 0.269 0.93 220 | 3.8 84.5 1690 870
6 8 0.303 1.04 220 | 4.3 86.5 1730 990
7 7.5 0.388 1.33 220 | 4.8 88.3 1766 1110

wn3easuiia i 6 Pole
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Pelton Type (Multi Jet Pelton) 3 kW

1/11/2010 %9118

[ Y
Fou'ly 1. naereUA1 Max, Pressure 111 Max, Flow Rate (Test 3 A53) @988 Stator U YU

Item | Pressure Flow Rate | Velocity | Volt | Amp | Frequency Speed Load
(kg/em’) | (m’/min) (m/s) v | AW (Hz) (rpm) (W)
1 5.0 0.083 0.29 304 0 103 2060 no-load
2 5.0 0.108 0.37 360 0 120 2400 no-load
3 5.0 0.156 0.54 443 0 148.78 2975.6 | no-load
4 3.5 0.287 0.99 478 0 161.2 3224 no-load
5 5.0 0.076 0.24 283 0 95.2 1904 no-load
6 5.0 0.133 0.54 237 1.1 82 1640 250
7 4.9 0.243 0.84 222 22 79.6 1592 500
8 4.9 0.331 1.14 230 3.3 85.2 1704 750
9 5 0.374 1.3 216 3.8 82 1640 870
10 4.9 0.388 1.34 230 4.3 89.5 1790 990
11 5.0 0.397 1.37 223 4.8 88.7 1774 1110
x1 5.3 0.402 1.38 230 4.9 92.7 1854 1110
x2 42 0.371 1.3 176 4.3 72 1440 1110
x3 3.5 0.341 1.17 132.8 | 3.6 54 1080 1110

1UMIsNAaoU Balast LOAD Lléjlulillﬁ'lﬂ'lu

n3easuiialvi 6 Pole
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Pelton Type (Multi Jet Pelton) 3 kW

1/11/2010 %3911

1 Y
ou'ly 1. naere1A1 Max, Pressure 711 Max, Flow Rate (Test 3 A153) 19818 Stator 41 YUY

Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load
(kg/em) | (m’/min) | (m/s) | (V) | (A) (Hz) (pm) | (W)
1 4 0.068 0.23 233 0 78 1560 no-load
2 4 0.175 0.62 430 | 0.1 144.9 2898 no-load
3 4 0.175 0.6 216 1 74.9 1498 250
4 4 0.29 1 350 | 1.3 123.5 2470 250
5 4 0.297 1 230 | 2.2 84 1680 500
6 4 0.358 1.23 314 | 2.6 114.3 2286 500
7 4 0.362 1.24 236 | 3.3 89.1 1782 750
8 4 0.379 1.3 262 | 3.5 100 2000 750
9 4 0.373 1.29 231 3.8 89.41 1788.2 870
10 4 0.373 1.29 202 | 4.1 80.4 1608 990
11 4 0.374 1.29 179 | 4.2 72.4 1448 1110

wn3easuiia i 6 Pole
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Pelton Type (Multi Jet Pelton) 3 kW

1/11/2010 %9118

1 Y
ou'ly 1. naere1A1 Max, Pressure 711 Max, Flow Rate (Test 3 A153) 19818 Stator 41 YUY

Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load

(kg/em”) | (m’/min) (m/s) V) | A (Hz) (rpm) (W)
1 2.5 0.05 0.17 132 0 0 no-load
2 2.5 0.105 0.36 258 0 85.7 1714 no-load
3 2.8 0.192 0.66 219 1 71.3 1426 250
4 35 0.281 0.97 227 2.2 80.6 1612 500

IAT09 YUIA 3000 W P(Max.)=3.5-4 kg/em’

wn3easuiia v 6 Pole
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4 v W 2’ a < . .
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Kaplan Type 3 kW

9/7/2010 (13.30)

1 Y
301V 1. NATBUAT Low Pressure N1 Max. Flow Rate (Test 3 A59) 1910 draft tube 4 m 1111

fartla
Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load
(kg/em) (m’ /min) (m/s) V) | (A) (Hz) (rpm) (W)
1 0.5 0.090 1.07 36 11.29 225.8 | no-load
2 0.7 2.492 5.35 151 57 1140 | no-load
3 1.5 2.56 4.77 200 | 0.5 69 1380 120
4 1 2.8 4.131 215 1 71.2 1424 250
5 1.5 3.329 6.23 221 | 1.1 77 1540 250
6 1.5 3.58 6.52 220 | 1.5 78.4 1568 360
7 1.7 3.601 6.59 220 2 79 1580 480
8 1.7 3.595 6.55 218 2 74.5 1490 480
9 2.1 3.765 6.5 226 | 2.6 84 1680 600
10 2.1 4.101 7.47 220 | 3.3 79.2 1584 750

insoanuilalni e Pole
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Kaplan Type 3 kW

15/7/2010 (13.30)

] v
3011V 1. NAAOUA Low Pressure 11 Max, Flow Rate (Test 3 A59) 1990 draft tube 3 m 11U

fartla

Item | Pressure Flow Rate Velocity | Volt | Amp Frequency Speed | Load
(kg/em’) (m’ /min) (m/s) V) | (A) (Hz) (rpm) | (W)

1 1.5 3.222 5.88 190 | 0.6 68.7 1374 120
2 1.5 3.27 5.95 200 | 0.6 69.2 1384 120
3 1.8 3.54 6.58 215 1 71.5 1430 240
4 1.8 3.794 7.07 220 | 1.5 73 1460 360
5 2.0 4.018 7.39 223 2 81 1620 480
6 2.0 4.179 7.7 230 2 84 1680 480
7 2.0 4.402 8.02 225 | 2.7 82.6 1652 600
8 2.0 4.409 8.02 230 | 2.7 90 1800 600
9 2.5 4.507 8.33 220 | 3.3 79 1580 750
10 2.5 4.769 8.75 225 | 3.6 83.1 1662 850
11 2.5 4.816 8.77 220 | 3.8 77.9 1558 850

wnanuiia v 6 Pole
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Kaplan Type 3 kW

19/7/2010 (13.30)

1 Y
301V 1. NATBUAT Low Pressure N1 Max. Flow Rate (Test 3 A359) 1910 draft tube 2 m 114J1)

fartla
Item | Pressure Flow Rate Velocity | Volt | Amp | Frequency Speed Load
(kg/em’) | (m’/min) (m/s) V) | (A) (Hz) (rpm) (W)
1 0.8 2.56 4.66 | 149 50.2 1004 no-load
2 1.2 2.833 5.35 ] 206 69.8 1396 no-load
3 1.2 3.282 598 | 195 | 04 69 1380 240
4 1.8 3.626 6.75 1 226 | 09 78 1560 360
5 1.8 3.999 727|217 | 14 77 1540 360
6 2.0 4.016 7311262 | 1.3 92 1840 360
7 2.2 4.036 7.33 1228 | 2.1 79.68 1593.6 480
8 2.5 4.933 91230 ]| 25 84 1680 600
9 2.5 5.357 9.73 | 231 | 3.6 89.42 1788.4 850
10 2.8 5.331 8.68 | 223 | 3.8 82.3 1646 850

wn3easuiialvi 6 Pole
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[ v
A, minageunsenaiuiinan Ifhuuadn (Micro Hydro Turbine 1 kW) 533159
JUN 3-4 Ty 2552

o ' ay T Y o o o a =1 1< o o
(1) 1MevuIa @ 4 17 ABIUIN LN Hydrant AUINAY 1Al Main Valve 1Tudala-
Y
Waii

Main Valve

Pressure Gauge

Y
719VU19 @ 4 U

4 Y
(2) AR Pressure Gauge JALTIAUNIAINOONIINII Hydrant

Y v
(3) AAAY Flow Meter 7A9731013 1vaveaii

PO6E
5

Y Y
(4) 1NeVUIA @ 3 117 ABITNIAY NOVUIA G 4 110



214

i1 9
(5) WoutI Flange ADNAUNDYUIA @ 3 112

(6) 11 Pelton Hydro Turbine ANt Flange

v

[ (%)
(7) w8 1391n Pelton Hydro Turbine itnunsosianszua i wazlamdeu
4
gin3al
(8) @ Capaciter oy Volt Wduszuumanveunsoafuia lvlih
v '
9)  1Wla Main Valve 1511 Inaiuasoasuiia 1nlih
o R 1 dy 9
(10)  OUUNNAMINATDULLUDIAU
] 4 A < oal
(11)  ¥yu Hand Wheel 1/51 Needle 900 1 50U tN0NANMITIV091
(12) 391 UNAAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,

Power

@ y A < 091
(13) %3 Hand Wheel 1/51 Needle 800 2 501 1i01iuA1115309911



(14)

(15)
(16)

amn
(18)

(19)

(20)
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M UNAAT Water Pressure , Flow Rate , Volt , Amp , Frequency , Speed ,
Power

11 Hand Wheel 151 Needle 000 3 591 iteriuANE e i

3017UHINAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

11 Hand Wheel 131 Needle 00N 4 591 iteriuaE e i

3 UNNAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

Td Load  TWlnaadd9uuia 250 W $1uau 1 vasa 250 W) wadlsing i
viaoa IMuasanaldanldamilng

39T UNAAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,

Power




2D

(22)

(23)

24

(25)

(26)

27

(28)

(29
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Td Load TWlnaadd9uina 250 W $1u9u 2 vaea (500 W) walsing i
vaoa Wuasanaldau ldaulnd

901 UHINAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

Td Load TWatlosa’lar vura 500 w $1u2u 1 naea (500 W) wasingnll
alosalant 1dauldamuilna

3 UNNAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

T4 Load Ieri/esalast viia 500 W §119u 1 vaea lluasaitavina 250

W $1u2u 1 naea (750 W) wadiingnIalesalad wazvaea lvuaeaing
THauldmuind

39JUNAAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

1d Load TWladesalan vuia 500 w 117w 2 vaea Trluaeainaving 250
W S 1 vaea (1,250 W) madsing i ladesaladt wazvaealulues
analyauldamdna

NTUNNAT Water Pressure , Flow Rate , Volt , Amp , Frequency , Speed ,
Power

I Load Taiesa'lan via 500 W $1u9u 2 waea Iuasadnsuuia 250

W $1u9u 3 viaea (1,750 W) wadsingimaea lWuasainaldau ldawilng




(30)

3D

(32)

(33)

(34)

(35)

(36)
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391 UNNAT Water Pressure , Flow Rate , Volt , Amp , Frequency , Speed ,
Power

14 Load 1ae1% Grinder 11 w11 710 Wi 14 i iinae 18snnsea
Auila Iihauai@n (710 w) matliing i Grinder T lFau Idauilnd
aTunNAI Water Pressure , Flow Rate , Volt , Amp , Frequency , Speed ,

Power

14 Load 10814 Grinder l#h vi1a 1,050 W iden 14 Inihiinan 1danm3oq
suila Tvfhvwadn (1,050 W) watl31ng31 Grinder Il lFanuldannlng
39T UNAAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,
Power

14 Load 10014 Grinder 1W#h vina 1,050 W t1az 710 w den 141 ihinae
1&annnsessuia lihvunaidn (1,760 w) #a31n5 71 Grinder Trlih 14
1édamdna

39TUNAAT Water Pressure , Flow Rate , Volt , Amp , Frequency , Speed ,

Power
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37) 1d Load TaelshnTosnsouuamnes vuaminesn 10— 24 V.DC. 1douly
Tihfindaaldnnnseatuiia lihunadn tazlsommsda Ileenves
1399I NIVANGIIN 10— 24 V.DC.  ATWEIY waﬂsmgduﬂ%wﬁﬂ
nuaned 15 1&autng

(38) 3 UNNAT Water Pressure , Flow Rate , Volt, Amp , Frequency , Speed ,

Power
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M3 NITUANHANITNATOU Micro Hydro Turbine

Pelton Type (Multi Jet Pelton) 1 kW

3 -4, March 2010

Pressure Flow Rate Volt Amp Frequency Speed Power Load Handwheel
(kg/em’) (m’ /min) %) (A) (Hz) (tpm) (W) (W) Adjust
7.2 0.055 140 1.8 42 635 252 No Load 1301
6.5 0.247 380 9.5 89 1290 3610 No Load 330U
6.6 0.098 116 1.7 37 568 197.2 250 439U
6.5 0.156 182 3.2 54 824 582.4 250 430U
6.5 0.153 111 2.1 38 570 233.1 500 45901
33 0.173 67 1.6 23 354 107.2 500 330U
3.0 0.213 120 2.3 43 582 276 500 350U
2.9 0.268 140 2.7 48 665 378 500 3301
2.2 0.470 206 4.6 61 952 947.6 500 359U
2.0 0.459 152 3.6 51 766 547.2 750 33901
1.7 0.695 194 44 59 891 853.6 750 330U
1.5 0.604 110 4.0 44 635 440 1250 359U
1.5 0.586 63 42 29 438 264.6 1750 350U
Grinder 710
1.4 0.580 249 5.1 10 1045 1269.9 3301
w
Grinder 1050
1.4 0.574 238 5.1 68 1034 1213.8 3391
4
Grinder 710
1.4 0.569 185 4.1 59 893 758.5 3391
W+ 1050 W
A s
IATOIBITN
HUAINDS 10-
3.7 0.44 258 1.2 57 1143 465.5 390U
24 V.DC.
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¥ Y [
¥, MInageunIednaiwaa Wihvinadn (Micro Hydro Turbine 3 kW) 4399 2
JUR 6 Huaw 2552
1 A v g’ a [ . . 9

aoane InannTeedaiuiman I vuiadn (Micro Hydro Turbine 3 kW) 140
IATIVITWLANADS Input AC.220 V. Output DC.6-24 V. A uunmeIviia 12 V. 11niuae
(91 Inverter YUIA 360 W Liaz@oid11
Load - waea lvluasadng 380 w) Idauldina

- waoa uasang 772 w) 1dau sl

- 138 65 w) ldaulddng

- mdwih (670 W) lgauldalnd
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A13 19 UNANANMINATOU Micro Hydro Turbine

Pelton Type (Multi Jet Pelton) 3 kW

6, March 2009

Flow
Pressure Rate Volt Amp Frequency Speed Power Load Handwheel
kgem) | m" | V) | (@A) (Hz) (pm) | (W) (W) Adjust
/min)
2.3 0.268 212 1.7 62 1238 958.5 | luluaeaina3sow 350U
2.0 0.377 130 2.6 45 923 523.4 | Tuasaina 770 w 33501
m?awﬁﬂ
mmma?l
1.7 0.377 210 1.9 65 1269 1215.5 350U
6-24 V.DC.
A s
INTDIVITN
memﬁ'
6-24 V.DC.
Inverter 360 W
2.3 0.245 209 2.1 71 1431 1011.2 ) 350U
Input 12-24 V. DC.
Output 220 V. AC.
MF65W
m?awﬁﬂ
L!,‘Ummﬁl
6-24 V.DC.
Inverter 360 W
1.9 0.375 165 2.3 52 1063 915.3 359U

Input 12-24 V. DC.
Output 220 V. AC.

Mmawi 670 W
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4 v o 3‘ a <
A, mInaaeumIeanaiuinan Iifhviadn (Micro Hydro Turbine 3 kW)
VoA o A =
%999 3 Juh 16 Tuan 2552
1 cﬁ v W g’ a < . . .
aoane Inannsesdaiuiiwaa Iiihvuiadn (PICO Mini Hydro Turbine 3 kW)
Yy A Ay Ay s a o A ’
[WnT09d111 NFuemesving 1.1 kW HaauveaurInedosed i
#als1ng i1 1nTesdina luieu naseeld i 220 v. derdiumTesddng inTes
o 4 [ 1 4 &
d111101118 mnmslfasestiodanszua I viaaa1sn (Starting  Current) 92 1%
nsgua Ifhiszana 31 Amp. Fagan daunszualihsrudunios (Running Current) 18
5.7 Amp.
1 4 A a9 a ] 4
a511 vemesuazszvunIuauIeunsosdtzAunszua Ifungaaisn
: a o w a 4 o A @ :} 3 { 1 1%
Faunumaimsnanveuasossuida lihwduhvuadnilgnaaey uad v lgiy I

220 V. MIiazaansoiiauld Wiesnnimas llihdunan
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Flow
Frequen [ Spee
(kg/ Velocity Rate Volt Amp Load Handwheel
cy d
cm?2) (m /sec) (m3 %) (A) (kW) Adjust
(Hz) | (rpm)
/min)
A Ay
TNV
2.1 0.24 0.129 238 6 79 X 1.1 kW 100 %
(laivia)

Y

U

2552

v 2
1. manageunsesnaiuiman lWihvia@n (PICO Mini Hydro Turbine 1 kW)

W (Turbine) tazaanilsenoy waa lasunun 153911 (190-1.)%5299 4 IR 16 Tuau

) Y
aame llanmaiesdaiinimaa ihvwnadn (PICO Mini Hydro Turbine 1 kW) 111

: o =S oy <
1n5093AFlow Meter , Velocity , Volt , Amp. , Frequency naziila valve 11 mﬁamﬂusﬁ'aga

ATUAIT N

AR 16 2009°%F
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Pressur
Flow Frequen Handwhee
€ Velocity Volt Amp Speed Load
Rate cy 1
(kg/em | (m/sec) , V) (A) (rpm) (kW)
R (m /min) (Hz) Adjust
)
1.5 0.41 0.225 217 - 46 - No Load 50 %
1.25 0.47 0.266 230 - 49 - No Load 60 %
1.00 0.68 0.374 227 = 49 - No Load 100 %

Y

INHU

(Turbine) 81 1d %2990 5 TUN 16 YurAY 2552

4 v & = 3 . . {
2. MmInageunTeInaiuiwaa lihvunadn (Micro Hydro Turbine 1 kW)i/aguien

[ E2
aame o Teafainimaa lihvuiadn (PICO Mini Hydro Turbine 1 kW) 141

. o = oy <3
1n5093AFlow Meter , Velocity , Volt , Amp. , Frequency azila valve 11 mﬁamﬂwﬁ'aga

ATUATT I




225

Pressur
Flow Frequen Handwhe
e Velocity Volt Amp Speed Load
Rate cy el
(kg/cm | (m/sec) z V) (A) (rpm) (W)
R (m’ /min) (Hz) Adjust
)
Grinder 710 W
1.5 0.46 0.248 271 - 55 - Aaldaundy | 60%
Volt 9N
Grinder 710 W
1.1 0.69 0.337 280 4 59 - Aaldamuwdy | 100%
Volt ein
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4 v o 3‘ a <

2. MmInaaeunIeanariuiwan Ivihvina@n (Micro Hydro Turbine 1 kW)
[ Y
19899 (Turbine)  NWan TagurunIsaay (an-w.) Wuadlvi vazdiigeaini

A d’ Yo g’ ] v v W ] ~ o
(Water Guide)ia 1o Tvid e ldanaiuTasase 9299 6 Tuf 3 wreu 2552

1 ci U v g} a <3 o« e .

aoane Iannsesnaiuiiwaa Tiihvuia@n (PICO Mini Hydro Turbine 1 kW)

9 : & . 5 o IS v
1[WAT09IAFlow Meter , Velocity , Volt , Amp. , Frequency taziila Valve 11 NATOUINUVUBYA

ATUATT NN

9 (Turbine) Aeanlnaununlsaenu
(wan-n.)

U iin 2.2 dlansu

y =
891117 (Water Guide) NNLAN

FAFUANANNR AN LTI NRR

Trauadn twin 1.7 Alany

14 Load Tneild Grinder I#n a11m 940 W 1 6
atasnlas 500 W 2 pqq
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Pressure | Velocity | Flow Rate | Volt | Amp | Frequency | Speed Load Handwheel
(kg/cmz) (m/sec) (m3 /min) | (V) | (A) (Hz) (rpm) (W) Adjust
2.6 0.16 0.085 207 - 44 - - 30 %
2.4 0.19 0.105 244 7 51 1,022 s 40 %
2.5 0.34 0.186 320 - 68 1,355 - 50 %
Grinder T¥l#h
3.5 0.40 0.216 130 | 1.1 70 - 70 %
YUIA 940 W
Grinder T¥l#h
4 0.65 0.352 248 | 14 52 1,261 100 %
YUIA 940 W

1959%1U (Turbine) NWaa Taeuuun 153911 (Han-¥.)
Y

1111 2.2 nlansu

1/asunatiy (Turbine) Mnaa Taaunun 1599711 (H190-1.) 800 1INIHY (Turbine) ovan lduas

nagou
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Pressure | Velocity | Flow Rate | Volt | Amp | Frequency | Speed Load Handwheel
(kg/crnz) (m/sec) (m3 /min) | (V) | (A) (Hz) (rpm) (W) Adjust
1 0.30 0.160 211 - 45.6 907 - 30 %
Grinder T¥l#h
3.5 0.58 0.313 240 | 1.3 51 1,237 80 %
YUIA 940 W
Talosnlan
22 0.91 0.497 190 | 1.9 57 1,154 100 %
500 W 1 a3
Tailosnlan
22 0.86 0.465 94 | 2.5 37 715 100 %
500 W 2N
v o v a Aa o A v 31 a <
Qﬁﬂ@?!ﬂﬂﬂﬁﬂﬂ?ﬂﬂlﬂi@\iﬂﬂﬁuuTWﬁﬂUlwﬂﬁJHWQmﬂ

Y

11111 1.7 nlansu

Y
agiiiiosdu

N1INATDU Micro Hydro Turbine UH1A 3 kW g 1 kW

A v 3’ a <] = 1% g} o o Y a8 A
msmﬂwumwa@”h/\l‘ﬁ”léumﬂmﬂ ﬁ?ﬂulﬁﬂﬂuuTWﬂngfﬁJ']LﬁiJ?Jﬁ]S’;Vﬂiﬁﬂigﬁvl‘ﬁﬂTWﬂ'ﬁ

naanszua i ldeeninay Spec. voanies myaervasiiorhnszua i lu1dausy

50914 IWihazuiseendlu 2 1995 Ao

1. 1n5031% Iihadeanisaud lunsnazae Inneonanduaioaduiia i 11014 1dae

) 1 ) Y
iweann Iiharaaeennnmsesdsiutiwaa ihauadn azdulifhnssuaady (AC. 220 v)

2. 130419 llihndesnisanudasn desae Iniainduasesduiia IidiumnTossisn

nusuaeTimasau lwihnnaa 18 1A u13duuaaes vazas Ianuuamesdn Inverter  t1ag

In#hen pe. du Ac. 220 v. uazihnszua Wi 101¥5maTe 15 Wi Mdesmsanudatinaue

otloanunield Indudeviie
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Pressure (bar) = Head(m) x 0.0981

Pressure here
= 20 % 0.098

Use af least 2 bar
pipe for this section

m =L
(low pressure)

Pressure here
30m
Use at least 4 bar

pipe for this section (medium pressure)

F Pressure here
50m =60 x 00961
Useat least 6 bar Eh?é?]gpss.:sure]

pipe for this section |
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1840-2170 20 25 30 30
2180-2830 20 25 30 40
2840-3500 20 25 30 50
3520-4160 20 25 30 60
4170-5140 20 25 30 70
520-6150 25 30 65
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200 Wi, 600 3 2.2

225 550 4 3.0

280 550 6 4.2
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1.0 w3’ 17A
1.5 w3’ 2 A
2.5 uy’ 30A
4.0 w3’ 40 A
6.0 Wy’ 51A
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Volt (drop) = Current x Resistance (of cable)

usaduAn(volt  drop)  tAavInTaad luthud
iwulilifeoinInaanialdifigeondelday
(dredrugu vasa'lil) wnmnull iilesniniuTiadi
ﬁﬂﬂﬂ’hﬁﬁ?ﬁuﬂﬁ ® 6% volt drop the consumer voltage
would be : 220 — (0.06 x 220) = 206.8 V

f1daln 207 v udTwaamaliiiildaugn
ponuUUdsY 220V Thudi lnasndaudia lwadsi
yurausIuiiname iesnnszua i lnadu
oadaminnn madenmondadiiulahiing 14
Traaoegail 6 %(-6%) Mnimssiundni 1l
ar39zd5ulgenumums 1§ i Id iz auduy
aeTihAlF o ieszndamlsee
#20819 : MU % useau lian(volt drop)

usaguanneaniia i

=220 Volts
manuaumuvesane 1l =0.0061 Ohms
per metre
ANUENTTUVIO I =150  meters
ANUEIURIE1e 1 =300  metres
Tranveanszuaily =5 Amps

Volt drop = Current x Total resistance of cable
=5x(0.0061 x 300) =9.15 Volts
% volt drop

=9.15/220 x 100 =4.1%
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Cable CSA strand | CSAcable Ohms / Cost:

type mm’ mm’ 1km US$/m
Insulated Copper
3.20 0.6567 1.9701 8.63 0.09
7.22 0.397 2.779 6.12 0.15
7.20 0.6567 4.5969 3.70 0.19
7.18 1.1675 8.1725 2.08 0.33
7.16 2.0755 14.528 1.17 0.69
Aluminium (ACSR) CSA in mm2 copper equivalent
Squirrel | - 13 1.31 0.16
Gopher | - 16 1.06 0.20
Weasel | - 20 0.85 0.24
Rabbit - 30 0.57 0.37
Dog - 55 0.31 0.67

Add US $0.11 per metre to ASCR for average cost of D

irons and insulators (not required for insulated cable)
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(1) Tvaalunaazyaldan B8, D ua E) 191
590 1 kW nuuilanfen
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A-B

aszua i @ Tvaru A-B (19 1=P/v)
1000 W/220 V = 4.545 yauuals

1) naaeaivuaae wes 7, 16 aeliauiu

o
NOAULA. (AN1TNN 14-4)



anuevesae A 19 muade 2 x 200
WA = 400 was  Anudumuwihvesenes (Tevy
ABINAT) = 0.0012
anudumumeluaie = A28 x AN
dunliihdemas =400 x 0.0012 = 0.48 Tewy
AUNUA1G = 400 x 0.69 = US $276
UIIAUAN =T x R=0.48 x 4.545=2.18 V
% UIIAUAN = (2.18/220)*¥100 = 1%.
ieannis 18 msunIanad 12% vee milszy
mmmﬁaﬁy(@wﬁﬁﬁ 326 ) Aunsaanadedatanuly
durgudnaig
2)NAADIMHUATIOIUDT 7,22 ANUNOILAIRY
AU (AA31971 14-4)
AnudumMuneluae = 400 x 0.0061 = 2.44
Toviy
AUNUAIY =400 x 0.15 = US $60
useenllan =244 x4.545=11.08 v

@

usenu Ilan 5% Fadanaeg Ianvonsvld an
vinaae Iwasernazsin i ldmszusafaeneas liag

~ v
Weane Tunsleau

A-C uglvaanaelagasalldan c imsuen
2 g d' \
menailu 2 me nszuai lnagnuendnin C-D
o Y [ [ o Y Y
oz C - E v ldussauanaaluaie A - ¢ hlvides
innseau Iihldgeves c-D ez C-Em

usae T 18 lidu 12%

1) NAADIMHUAMBILBS 7,22 RUIUNDILA
ANuAIUNIUAETUEY = 900 x 0.0061 = 5.49
Towy
AUNUEIY =900 x 0.15 = US $135
ﬂi&:uﬁﬁ. 18 = Load Connected / Nominal
Voltage =2000/220=9.09 A
UIIAUAN = 5.49x 9.09 =50 V

I3 J o
1WosIFUAYULTIAUAN = 22.7%
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2) NAABIMHUATIY ACSR Squirrel (@mswﬁ
14-4)
AanudumMumeluae =900 x 0.0013 = 1.17
Toviu
AUNUAIY =900 x 0.16 = US $144
ﬂizuﬁﬁﬁm = Load Connected / Nominal
Voltage =2000/220=9.09 A
UIIAUAN =1.17x 9.09 = 10.63 V
wesiFuavousadulilan = (17.2/220)¥100 =
4.8 % must be added to voltage drop C-D and C-E
C - D NAARIMUUATISILIBS 7,20 AUIUNDILA
(amﬁwﬁ 14-4)
Anudmumeluais= 800 x 0.0037 = 2.96
Tovi
AuNUAIY =800 x 0.19 = US $152
ﬂizuﬁﬁ'ﬁw = Load Connected / Nominal
Voltage = 1000/220=4.54 A
useeulvlan =2.96 x 4.545=13.45 v
oI uauoansIRuan = (13.45/220)*100 =
6.1 %
nseaeulWansau A-D=4.8+6.1=10.9 %
C-E wuidensiu A-B (Tnaai 4 1 Kw ae'l
817 200 LUAT)
usaeulvlan = 5%
AuNUIY = US $60
U3 UANT YA A-E =50+ 6.1=11.1%
WeuifeuaFae veaszuumsoelulii
1) e linnwes 7,16 Inesuasiuauiu =
(200 +200 + 45+400)*2 = 2500 x 0.6 = US $1725
2) M3 1% ACSR HUASINTZIONT NN
ACSR=2500x 0.16 + 1250 x 0.1 (0.11 flF110Up4
49490 D ({umiia doauinen 1 wasAedudnaz

ﬂ’JHJEJTJﬁWEJLﬂLﬁﬁ) =US $537.50
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3) Mmeneaasswildnduiudrnd o
1981 :  A-B = US $60 (Cu)
A-C=US $144 +450x 0.11=US
$193.50(ACSR)
C-D=US $152 (Cu)
C-E =US $60 (Cu)
Total for 3) = US $465.50
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V drop = (5 +4 +3 +2 +1) LR1
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119, R1 = ANUEIaNeALia (§7198139U 2 x

i 9 Y 1
FTYSNNITNINDUIU) x mmmumumﬂ"h\lmmm
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1= 100/220 = 0.4545
A-B : R1=2x200/10 x 0.0061 = 0.244
usaeu 1vlan = (10 +9 +8 +..+ 1) x 0.4545 x
0244 =6.1V n30 2.8%
A-C: milounsdineunthi Lifi Tnaa
oudeludmil
Vdrop =1.17x9.09

=10.63 V=4.8%

C-D:R1=2x400/10 x 0.0037 = 0.296

u3eau lWan = (10 +9 +8 +...+ 1) x 0.4545 x
0.296 = 7.4V 130 3.3%

C-E RI=2x200/10 x 0.0061 = 0.244

usasulilan = (10 +9 +8 +..+ 1) x 0.4545
x 0244 =6.1V N30 2.8%
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3 /4 HP (560W) 4-6 Amps
1 HP (750W) 4-6 Amps
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Panel-mounting
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electronic loads
(See Section 15)
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Supply from
distribution
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Abney level

AC

Altimeter

Ballast load

Battery

Belt drive

Bucket method

Canal

Capacitor

CFL

Current

DC

Demand survey
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Distribution system
Distribution pole
Domestic wiring
Earth-fault

Efficiency

Emergency lighting

Energy storage

Flow

Forebay

Frequency

Fuse

Head

IGC

Incandescent lamp
Induction generator
Induction motor
Intake

Lighting package
Lightning arrestor
Load

Load control

Load limiter

Low-pressure pipe
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MCB

Meter

Motor Protection Switch

Over-voltage trip

Pelton turbine

Peltric Set

Penstock

Pico hydro

p.c.d.

PTC

Power

Power factor correction

RCD

Reservoir

Resistance

Salt Gulp

Stand-alone system

Transformer
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Abstract—This paper is to provide a good insight into design
and develop knowledge management (KM) system for Micro
hydre installation based multi objective optimization and data
mining technique to sustain the maximum efficiency usage of
Micro hydro in the countryside of Thailand. Over the recent
years in many Micre hydro installations, the d i
experience and engineering judgment have been encountered
to handle and op the freq y and voltage of Micro
hydroe on the grounds of the lack of the standard configuration
procedure to cope with installation in the different
environment. Normally, both technicians and villagers change
condition of Micro hydro input by trial and error or one-
factor-at-a-time, without concerning of the other external
factors such as the volume of water in each season and water
management policies, to find the best condition. Therefore, this
paper presents a hybrid model to optimize the concerning
responses of Micro hydro in term of mean and variance with
many concerning real practical aspect. To begin with the
proposed approach, KM cycle indicates the problems and
solutions from the domain expert experience. Response surface
methodology (RSM) was employed to accumulate the test
condition records and to specify the significant parameters of
the Micro hydro following the result of KM cycle. Then, RSM
was brought into play to institute the nonlinear multivariate
relationships between Micro hydro par s and resp

The regression decision tree and the domain engineering
knowledge were opted for the initial point of optimization
algorithm as well. Finally, the results of many cases following
this proposed method were constructed as KM system based
on do it system to acc late installation best practices.
The proposed Micre hydre installation was wused for
demonstration. It consists of Pelton and Kaplan type. In
addition, this system uses the proposed ballast load to control
stability of output and also use battery bank for energy
provider to the far villages, In conclusion, the pre-installation
simulation from RSM is able to forecast Micro hydro
performance before real installation and the best practices for
this KM system can directly help the technicians and users in
term of maintenance and installation in the different context.

Keywords-; Knowledge M, T Sy t, Micro hydre

Installation, Mulfi Oljective Upﬁ'}rlizaﬁrm. Data Mining

M INTRODUCTION

Recently, the need of electricity of countryside of
Thailand has been dramatically increased on the grounds of
the need of education, information and faciliies; however, it
seems really hard to medium-sized electricity plant
installation because of the most of the countryside of
Thailand geographies are hard to access by the big machines.
Moreover, the government organization did not have much
more budget to mvest for the medium-sized electricity plant
construction in rural area. According to physical geography
of rural in Thailand, It comprises of the mountains and water
sources approximately 75 percentages. Therefore, this has
the great possibility to use the alternative energy from water
to produce the electricity. Moreover, some of projects
imtiated by His Majesty King Bhumibol Adulyade) have
been to install the Micro hydro in the rural area of Thailand
in order to increase the quality of living. These are enable the
people in the rural area of Thailand can receive the education
and information. On the other hand, these projects have
incubated the environment conservation mind because if they
do not conservation the waler source, they will not have the
energy for the everyday life. These win-win situations are
perform following sufficient economic philosophy. The
technicians in these projects have been installed many type
of Micro hydro in many area. One fact from these activities,
they did not have the standard procedure to handle the
different kinds of installation in the diverse geographies.

There are the lower performances of Micro hydro in
some areas. To collect the best practices from each step of
these installation such as water source management in
various seasons, the advantage of the different head, energy
provider management in far arca from service area of Micro
hydra, the maintenance approach using the natural materials,
water management after electricity production to agniculture
such as fish basket and firming, These have been collect as
the knowledge following KM cycle. It leads to construct the
proposed hybrid Micro hydro system, consisted of Pelton
and Kaplan type based on the proposed ballast load and
storage charger based on battery bank concept.
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Furthermore, This rescarch focuscs on mulli objective
optimization to maximize the output both of voltage and
frequency of the proposed hybrid Micro hydro system using
theory of design of experiment and data mining. Il is very
useful in real practice to make engineer and technicians
understanding in the natural of Micro hydro before setting
rather than trial and error. This approach leads to cost saving
and time reduction for installation.

This paper is organized as follows. In scction 2, the
Micro hvdro theory. RSM. KM. and classification and
regression trees algorithm, were briefly described. In section
3. the methodology of the proposed approach was shown. In
section 4, (he proposed hybrid Micro hydro system was
explained. Results and discussion of the proposed framework
were shown in section 5. This section has three main sub-
sections. These are the experiment phase. model
performance comparison and process oplimization. Finally.
conclusions were provided in section 6.

II.  BACKGROUNDS

A. Miero hydro theory

Normally, Micro hydro power system is establish at
rural or hilly area [1]. Figure. 1 illustrates a case of typical
Micro hydro system applications at hilly arca. This system
will function using upper water supply. being a few meter
high from ground. From the source, water flows downhill
through the piping method. This downhill distance is called
“head” and it allows the water to speed up for prime moving
system. Hence. the electricity is produced by the rotation of
turbine. However. this research is accomplished to show the
potential of consuming water distributed to houses at village
area as an alternative of renewable energy source.

Figure, 1 Example of Micro hydro power system at rural area | 3]

The water flow inside the pipelines has polential of
kinetic energy to spin small scale generator turbine for
electricity generation. Thus. this project has been done to
show the additional use of consuming water distributed to
houses for clectrical power generation instead of routing
activities such as bathe, laundry, agriculture and firming.
The electricity can be generated at the same time those usual
activitics are done without extra charge on the water bill
consumption, power by means of battery charging for future
use particularly during electricity blackouts. The proposed
svstem is expected has a maximum capacity of 5kW.

B. Response Surface Methodology

One of response surface methodology. named central
composite designs (CCD) was wildly used in industrial
process. Box and Wilson [6] introduced as method for
fitting a second-order response surface. CCD also evolves
from its use in scquential experimentation. It involves the
use of a two-level factorial or fraction (resolution V)
combined with 2" axial or star points, where k is a number
of factors. To sum up. the CCD is consist of Full factorial
points, 2* star points, and n, center runs, It has the liner,
quadratic and interaction term.

C. Knowledage Management

Knowledge Management (KM) comprises a series of
practices and stralegies make use of an organizalion o
create. identify. distribute. represent. and enable adoption of
insights and experiences. Such experiences and insights
consist of knowledge. either embodied in individuals or
embedded in organizational practical processes

From another point of view. Maarten Sierhuis [4]
mentioned that KM is, as the word implies. the ability to
manage "knowledge". This means that we need ways for
managing the knowledge in an organization. We can use
techniques and methods that were developed as part of
knowledge technology to analyze the knowledge sources in
an organization. Using these techniques we can perform
knowledge analysis and knowledge Planning. In  this
research, the KM cycle [8] has been conformed from five
basic processes. It can be considered by managing
knowledge. These can be defined as creating. sharing,
structuring, using, and auditing in turn that is called
“knowledge management life cycle” model.

D. Classification and Regression Trees

C&RT, abbreviated from Classification and Regression
Trees, initially portrayed in the academic book [7].C&RT is
a recursive procedure (lwo subsets is then divided once
more, and the continuous mechanism replicates until some
other stopping condition is reached). Two subsets are
portioned by C&RT means, thus (he records within cach
subsel are more much harmonized than in the preceding
subset. The same forecaster ficld may be made use of
numerous times at diverse stages in the tree. It applics
suitable separating to create the best way of data with
missing values.

11, THE METHODOLOGY

A schematic diagram of the proposed procedure is shown
in Figure. 2. This comprises of the combination of
knowledge management (KM) system for Micro hydro
installation based mulli objective optimization and data
mining technique to sustain the maximum efficiency usage
of Micro hydro in the countryside of Thailand. RSM. based
on optimization algorithm and desirability function | |, and
C&RT applied 1o find the optimum sclting of the process
parameters in the proposed hybrid system.
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Figure. 2 Schematic diagram of the proposed framework.

IV, Tue Prorosen HyBRID MICRO HYDRO SYSTEM

From many installation ¢xperiences and best practices,
KM cycle was used to extract the key improvement of Micro
hydro system design. The proposed hybrid Micro hydro
system in was design Lo suil clectricily usage scenarios of the
countryside of Thailand and to take advantage the various
geography which provided the different head level. Its
system diagram is shown in Figure. 3. This is why this
system use Pelton and Kaplan type; Their effective head lor
electricity are greater than 25 m and 1.5 m. respectively.
According to water source management based on multiple
source policy. from water supplies such as a spring or a small
canal, it allows this proposed system is enable to produce
electricity in summer and winter season. On the side of
system control. ballast load was used instead of governor to
automatically handle of overload. I there is more power
being generated that is needed by the village or produce from
Micro hydro, the excess power is sent to a “the proposed
ballast load™ in Figure. 4. This is typically a heavy duty
resistive load such as a heater which acts as a sponge Lo soak
up any e¢xtra power, preventing it from overloading to the
svstem, According to the limitation of power ling in term of
cost and the electricity loss for far distance. the storage
charger was design to cope with (his problem ; it performs as
battery bank in Figure 5. for the villagers who stay far from

the effective area of this Micro hydro system. They can leave
their battery to storage the energy in the day time and then
they also come back to pick it up after their everyday firming
or agriculture. Moreover, the water from tailrace of high
pressure Micro hydro (Pelton) can be use at water supply
directly to the low pressure Micro hydro(Kaplan) and also
for the firming and lish basket.

I 3 0 s =
Figure.4. The proposed ballast load of hybrid Micro hydro
system.

Figure.5. Battery Bank of hybrid Micro hydro system [2].
V. RESULTS AND DISSCUSSION OF OFTIMIZATION

A. Knowledge Management Process

From the present problem survey following the proposed
framework. one of significant result based on KM process is
the design of the proposed hybrid Micro hyvdro system. Next
we set up implementation team from both technicians and
villagers to perform the oplimization approach as the next
stage. All of the optimization detail was transferred to
document for knowledge sharing. distribution, utilization



and retention of the next installation. It is present result of
KM process of this research paper. This lead 1o construct
COP for learning and training to the other installation unit.

B. The Experimental Phase

After the hybrid Micro hydro installation at the testing
site in Bhumibol dam, Thailand, Afler CCD experiment
design of Pelton type with single replication and the 10
additional runs. 23 experiment settings were designed and
demonstrated this proposed [ramework. To perform the
experimental design based on blocking, high, low and axis
level of the machining parameters (Pressure and Flow Rate)
were selected and shown in Table 1. From both of ANOVA
for Mecan response. we can notice the P-value of squarc
source is significant, so we can ensurc that this problem is
non-linear.

Table 1
Pelton Micro hydro parameters and their levels.
Symbol Etching Unit Minimum | Maximum
parameter Level Level
X Pressure kg/em’ 3.4 6.6
Xa Flow Rate m' min .01 (LO3K

This dataset can be used (o construct the model [rom
the non-linear techniques. The estimated regression
coefficients from mathematical response model structure and
analysis of variance for mean of two responses following

Estimated Regression Coeflicients for Voltage

Term Coet” SE Coef’ T
Constant -393.0 3504 -1.122
Block 1 1718 36.6 4.692
Block 2 658 349 1.884
Block 3 381 206 1 846
Block 4 456 200 -2.283
Block 5 -92.8 3349 -2.741
FPressure 391.7 170.1 2.302
Flow Rate -1029.4 11364.8 -0.091
Pressure®*Pressure -47.9 19.2 -2.490
Flow Rate*Flow Rate 59439.9 660813 0.900
Pressure*Flow Rate  -544.9 19314  -0.282

Term Coel’ SE Coel’ g

Constant -112.17 67.6 -1.660
Block 1 28.20 7.1 3.993
Block 2 10.49 6.7 1.556
Block 3 428 4.0 1.076
Block 4 -0.30 39 -2.413
Block 5 -14.32 6.5 -2.192
Pressure 86.43 328 2.634
Flow Rate T776.16 21922 0354

Pressure*Pressure -10.15 37 -2.736
Flow Rate*Flow Rate 3918.70 127465 0.307
Pressure*Flow Rate  -186.08 726 -0.499

From the RSM model we also conduct the residual
analysis to prove three main assumptions of DOE as follows:
normality assumption, independence assumption and
constant variance assumplion. The model diagnostic The
tendency of the normal probability plot in cach response 1o
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bend down slightly on the lefi side and upward slightly on
the right side implies that the tails of error distribution are
somewhat thinner than would be anticipated in a normal
distribution. checking can be done easily by graphical
analysis of residual as shown in Figure.6.

h;m“:;dmrwﬂ N

Figure.6. The graphical residual analysis

Moreover, The residuals of cach output are withoul
structure; this plot does not reveal any obvious patlern. So,
the assumption of independence is not violated. The plot of
residuals versus Observation order of each response would
not look like an outward-opening funnel or megaphone. So.
there is no reason to suspect any violation of the constant
variance assumption.

C. Optimization Phase

Betore optimization method performing, CRT tree was drawn
tree diagram to identify the potential range of parameter based on
customer specification (250 Volt of voltage and 50 Hz of
frequency). While the domain technicians take these two C&RT
Iree 1o bramstorm o indicate the initial point for oplimization.

Figure, 7 CRT tree for mean of frequency response
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Therefore, we also developed the four models from all of
response. The example of C&RT tree for mean of frequency
response is shown in Figure.7. From (he result of the mean of
frequency response CRT tree. we can simply conclude that
the potential range of platen power is between 5.40 and 5.70
kg/em® and flow rate is between 0.016 and 0.037 m3 /min.
The following procedures were adopted. Firstly, composite
desirability function (D)]5] .in the equation 1. was assign
weight based on the domain technicians brainstorm for
mean of frequency. mean of voltage following 0.6 and 0.4
correspondingly. After building the final RSM model for
each response, the reduced gradient search algorithm and a
hill-climbing procedure were employed to target the mean of
each response.

1
o= ([I[e~])" (1)
where d, = individual desirability for the ith response,
w, = weight of the i"response, and W = ZWJ 3
Note . T = target value I. = lower level U = upper level

dr = Jﬁm;lﬂ (.Fr )
0 y<L
{

i [“}_i) L<y<T
/-y ;
[“_}_J I'<y<U
0 U=y

The optimization resull of RSM model provide the
suitable sctting of pressures and flow rate following 5.6620
and 0.0289, respectively. Then the desirability function result
was drawn in the single graph for domain technician
explanation as the example of RSM model result in Figure.8.
Afier the appropriated condition deplovment, we can control the
voltage at 220 volt and also the frequency between 48-50 He,

T T
i 5 £t 0 zs]
.65 Low i . t.:u.:um'
| |
Carepaiie |
sty

0.0855

Figure.8. The Optimization Result from CCD

VI. CONCULSION

This paper has described the application of hybrid Micro
hydro installation based multi objective optimization and
data mining technique to sustain the maximum cfficiency
usage of Micro hydro in the countryside of Thailand. To
extract and capture knowledge from installation experience
and case study is vital insight of the standard procedure of
installation and configuration for Micro hydro. The
inlegration of DOE. decision (ree and oplimization
algorithm to achieve optimization of complex hybrid Micro
hydro installation was proposed. This research has shown
the contribution in  simply performing and casy
understanding way of oplimization in real practical such as
the initial point by making domain technicians to understand
much more in their Micro hydro nature. The further
potential research may be embraced by rearrange the present
documents following the ISO 9000 document system and
then construct the knowledge management system’s  web
application. On side optimization side. fuzzy desirability
function may be emploved for RSM  model’s responses to
achieve optimum condition. In addition, we can apply the
other local scarch methods such as evolution algorithm,
particle swarm intelligence. tabu search algorithm.
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