mIvanuUUtazHaNszUUAIUANMsHan IWThuoudnluaia

gwmsulsgInhwasnuinvinad

Design and Development of an Automatic Controller for Pico Hydro Power Plant

d

ITIUANA YA

Wannasak Chumkong

%mﬁwuﬁﬁaﬂudau‘ﬁfiwaamiﬁnmmwé’ngmﬂ‘%mutm
Irnsumansumvauhia a1vInIanssalvih
NHINNTUAIVAIHATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Electrical Engineering
Prince of Songkla University
2554
SvANSveRHINENSEIvUAUNS

(1)



a a

d‘ Jd o a 9) @ A o o
FOINIHNUD ﬂ'l'i’f]@ﬂL!‘]J‘]JLLﬁg‘WﬁN‘HWfJZ'U'Uﬂ’JUﬂlIﬂTiNa@ulV\IV\hLLU‘]Jf]@IuiJ@ﬁ1W§U

9 o H 2
Tsa IWhnwdnuihvinai

'd
Ejﬁﬂu WIPITTUANA YUA
N rngsu i
r.’d' a a Jd
210138NSn¥ Ineninusvian AMTNITUMTAOU
.......................................................................................... Y5L51UNTTUMNMT
4 a o 1 s Y] a g J
(30IMAATINGY ATININFY NOINY) (éj’ﬁmﬂmﬁmﬁmﬂ AT.AUNTT IUAUNYT)
rerrreree NTTUNS
dd'lrs a a [ J a o
219138NUINHNINNHNWHUEIIN (399MAATINTY ATINTNYY NOINY)
e ITUNS

' 4 J a J, 1 a
(Fﬂfmﬂmﬁﬁﬁ%ﬁﬂ AT.NTUIRY AANIUUN) (é’mamﬁ@mmiﬁﬂi.qqma{fmaumuuﬁ)

el NITUNTT

¢
(39IMANTIVTY T LTUIIN)

v Aa a @ a @ a J o v o a a J yd
VanaIne1as v anedodvaiunsuns oyla ldivinetinusatuiiiy
dIunilaYeIn1sAny arunangasUSygrinanssumaasunidusAa g 191390

Jenssu i

¢ v @ ¢
(ATMI19158 AT.DUTTAU WIAAIT)

ANVATUNAINGIAY

2



a a 9 v

d' Jd o a Y o a
FOINIHNUD miaammmmzwmuﬁzuumuﬂmmiwam”lﬂﬂmuuamiummmu

9 o H 2
Ty lfnwdsnuihuunei

rd
Arlen WITTUANA YA
131N Jenssu i
Umsanmn 2553

v

nuateiinauemseenuuuuazWauIszuuaruqumseaa Tiihuuy
o wAa o [ [ %‘ a+ 4 § )
daTuiadvsu s Iihndaannivinedd Taglduemesmiieni 3 wlanuunsanszisn
< 4 o A { o
YUIA 2.2 kW 380 V 50 Hz 1430 rpm 4 pole tHun3osiuia Il uniieniwuunszdunelu
@ [ %1 Q+ I'4 4 { o
o9 duvuuTseIihmmdsnumivunadrldvemes Inihuemes vile1in 3 mauuunsa
I o w o w %’ { o a
nizson wwm22 kw iWudumdwnumdaihnlddy  szuuaugumseaa iy
o wAa o [ 9| [ Eol Q+ 9 a % o ~ Y
salwiadmiu sl mawuhvunei lsmaiiandngasnlunisaivaunisnszqu
A o a Y ~ o Y o = I o 1 1
wsenuia IWiluntienihwuunszquamsludiesduilumsniugueasdiuszin
@ 1 { 1 H <3 { 1
usasu lineanudldiarnannieldanitzves Inaauazanusminislasuuiag
o o { < { 1 (%
nageuNIsiInIuvesszuunugN Iag liihauiaiszuazanuiuana e Taonis
1 v < Y o g’; A o A Y] 1 A

AunuMIAeYAveIAInDlsznuTIve AT oImila I wamsnadeunuINaT 04
o a o [] { <
fudia Iihausavianuldsgnimdesnmnieldnislasunlasves Tnaauaza11us)

a a (Y S 3 4 s 3 I'd Aa o 1 <
Taelsz@nsnmgagaminy 79.90 Wediduavmziinse 62.73 nlesisudvesiing og1elsn

A A A o A 9 A o A 1 A o = a :)
mnﬂizﬁmmwmmmimﬂuuﬂ“lv\lv\hmumummaﬂmmamqmwmmam

Ay waesiuiia flumileniuuunsequaeludes, minauan VA,

Uszansmnvouasoanuia Il umilenih

3)



Thesis Title Design and Development of an Automatic Controller for Pico Hydro

Power Plant

Author Mr. Wannasak Chumkong
Major Program Electrical Engineering
Academic Year 2010

ABSTRACT

This research presents the design and development of an automatic controller for
a pico hydro power plant, using a 2.2 kW, 380 V, 50 Hz, 1430 rpm, 4 pole three-phase squirrel
cage induction motor as a self-excited induction generator (SEIG). The prototype pico hydro
power plant was constructed using a 2.2 KW variable speed three-phase squirrel cage induction
motor as a prime mover. The automatic controller for the pico hydro power plant uses a constant
flux technique to control the excitation in the SEIG, the ratio of voltage to frequency under
various rotor speeds and loads was maintained by controlling the capacitor banks connected to the
generator output terminals. The automatic controller was tested under various load and speed
conditions. It is found that the prototype SEIG has a stable operation under varying loads and
speeds. The maximum efficiency at 62.73 percent of the rating is 79.90 percent. However, the

efficiency decreases when the SEIG operates at lower frequencies.

Keywords: Self-excited induction generator, V/f control, Performance of induction generator.
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(2-17)
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7 Editor - H:\Documents and Settings\pomkung\Desktopisim_memory\load_R\sim_load_R_new.m*
File Edt Text Go Cel Tools Debug Desktop \Window Help
NEH R0 |- deah | pbl-E88E0E BB | st
BB - 1o [+ | #ltr | x | @
1 - clear;
Z 31.Initiali=e constants: machine parameters
8= R1=10.32; H1=12.5610Z; RZ=5.290346; XZ=12.56102:%Hm=244.1424
4 e e ke e T
5 (2 .Input rotor speed, load B, and exciting capacitor C.
& - nr=1521.1;
W= R=1973.5:
g — Xo=325.4702313;
9 e et e
10 %3 .Compute reduced speed b.
11 — b=nr/1500;
1z e e
13 5. Compute coefficients Q1.
14 — RI=R1+ER;
15 — QO=-h*R2* [R3/R) * (R3/R)
la — QI=RZ*[(R3/R) * (RI/R)+R3I* (R2/R) * [R2/R) +b¥h*R3I¥ (X2/R) ¥ (H2/R) ;
17 N e
15 — QZ a=-Z*R*R3¥(XZ/R) ¥ (XZ/R):
19 — QE b=-h*RZ* [ (R1/Xc) * (R1/Xe) +(Z1/R) * (X1/R)-2% (X1/Xc) ) ;
z0 — QE=02 _at+z b;
21 O e
22 — 03 a=R2*((E1/R) * (X1/R)+(R1/Xe) * (R1/Ho) -2% (X1/Xe) )
23 — Q3 b=R3*(X2/R)*(ZZ/R)+R1* (R2/Xc) * (R2/ o) :
zd — Q3_c=b*b*R1*[X2/XcJ*[XZ/'Xc];
25 — 23=0Q3_a+03 b+Q3 o
26 E L et ettt
27 — Qd=-h* [(R2*(X1/¥e) * (Z1/He) +2*R1*% (E2/ o) * (E2/ X)) ;
28 e e e
29 — Q5=R2% [(H1/¥c) * (Z1/¥c) +R1% (Z2/¥e) * (Z2/Ha) ;
30 e e e
31 36, B3o0lve the polynomial order 5 using coefficients Qi fto find a.
32 - coeff=[05 Q4 Q3 Q2 Q1 Q0] ;
33 - h=[roots{coeffi]; A=L':
34 - Mil,1:5)=[A4]:
35 - Mi=M{1,1); MZ=M(1,2); M3=M(1,3); M4=M(1,4); M5=M(1,5):
36 3Check for real root(s) and return wvalue of a.
37 - Cl=isreal (M1): CiZ=isreal (M2); Ci=isreal (M3):;
38 - Cé4=igreal (M4): CS5=isresl (M5);
39 zcheck 1f a root 1= real & positive and only the positive real root is take
40 — if C1==1 & M1:0 : a=M1;
41 — elseif CZ==1 & M2>0 ; a=MZ;
42 — elseif C3i==1 & M3>0 ; a=M3;
43 — elseif C4==1 & M4>0 ; a=M4i;
44 — elseif C5==1 & M5x0 ; a=M5;
45 — end
46 T

Y o o A o A 9 =] ) Y
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47
45
49
a0
51
52
53
ad
55
56
a7
a5
59
11
6l
6z
63
64
65
1]
67
1]
69
70
71
T
]
74
75
il
77
7
79
=11

7. compute Load
RL=(R*Xe"Z2)/ (a* (((a"Z) *(R"2) ) +(Xe™2) ) ) ;
EL={(R*R*Xe)/ ({((a~2) " (R" 211+ (Xc 2]

(8. Compute Hm.
Zs=(RL+(R1/a) i+ (1" (E1-ZL)):
Zr=(RZ/ (a-h)1+(i%X2) ;
Ts=1/Z=;
Yr=1/Zr:
¥m=— | ¥=+Yr) ;

=—1/ { irsg ( Trm) ) ;
Tm_1=1/(1i%Xm):
T=¥=s+Tr+¥m_1:
% 9.Read walue of E1l using Xm from the magnetization curve.
if [(Emw>-155.3417605 | Ewn==155.3417605) & (X0<335. 60935807 | Zm==335.60593507)
data = importdatsal'spi.tcxt');
E 1=(data(:,1))"':
X m=idatai:,2))"';:
pr=spline (X m,E_1);El=ppwval pp, Xm);
elze

El1=0;

% 10.Compute Terminal Voltage

T=(RL- (J*ZL) )/ ( (RL+(R1/a) )+ (3% (X1-ZL) ) ) ;
Tl=ahs (T) :

Vr=T1l#%a*E1l;

vt

311.display

v

f=50%a
Pout=3+VL*Vt /R

Y o o A o A 9 = 0 Y
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a1. Yeyamadumniinuesdue3me3 Fuji 34 FRENIC-Mini Model: FRN3. 7C1S-4A

B Three-phase series

Item Specifications

Input power source Three-phase 200V Three-phase 400V
S IR CIE2A | CIE2A | CIEZA | CIE2A | CIEZA | CIEZA | CIEZA | CIE4A | CIE4A | CIE4A | CIE4A | CIE4A
Applicable motor rating *1) KW | 0.1 0.2 0.4 0.75 15 232 a7 0.4 075 15 22 a7

Rated capacity *2) kvA | 03 057 11 18 30 47 65 11 19 28 41 68
% Rated voltage *3) V | Three-phase, 200V/50Hz, 200, 220, 230V/60Hz Three-phase, 380, 400, 415\i50Hz, 380, 400, 440, 460VIE0Hz
[ . 038 15 30 50 80 110 170 15 25 a7 55 90
] Rated current *4) Al@7) (1.4) (2.5) @.2) 7.0) (0.0} |(16.5) ‘ ‘ ‘
& | Overload capability 150% of rated current for 1min, 200% of rated current for 0.55

Rated frequency 50, 60Hz

Phases, voltage, frequency Three-phase, 200 to 240V, 50/60Hz ‘ Three-phase, 380 to 480V, 50/G60Hz

Voltage/frequency variations

Voltage: +10 10 -15% (Voltage unbalance *10) : 2% or less) Freguency: +5 to -5%

& ‘When the input voltage is 165\ or more, the inverter continues operation. | When the input voltage is 300% or more, the
% Momentary voltage dip capability *5) If it drops below 165V, the inverter operates for 15ms. inverter continues operation. If it drops below
= 300V, the inverter operates for 15ms.
E]
o
£ (with DCR) 0.57 0.93 16 30 57 83 14.0 0.85 1.6 30 44 73
Rated current *6) A
(without DCR) | 1.1 18 31 53 95 132 2232 17 31 59 82 13.0
Required power supply capacity *7) kVA | 0.2 03 0.6 11 20 24 449 06 11 20 29 49
o | Torgue *8) % | 150 100 50 30 100 50 30
&
% Torque *9) % | — 150 150
[}
DC injection braking Starting frequency: 0.0 to 60.0Hz  Braking time: 0.0 f0 30.0s  Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) IF20, UL open type *11)
Cooling method Natural cooling Fan cooling Matural cooling Fan cooling
Weight / Mass kg | 0.7 | a7 | 0.7 | 0.8 24 ‘ 24 ‘ 249 15 1.6 25 | 25 | 30

B Single-phase series

Item Specifications
Input power source Single-phase 200V
Type (FRNOOOCIETA FRNO.1 FRNO.2 FRNO.4 FRNO.75 FRN1.5 FRN2.2
vpe ( ) C1E-TA C1E-TA C1E-TA C1E-TA C1E-TA C1E-TA
Applicable motor rating *1) kW | 0.1 02 04 0.75 15 22
Rated capacity *2) kVA | 0.3 057 1.1 19 30 41
;’ Rated voltage *3) Three-phase, 200V/50Hz, 200, 220, 230V/B0Hz
E . [1F:] 15 30 50 8.0 1.0
£ || s ey Alon (1.4) (2.5) (4.2) 7.0) (10.0)
& | Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s

Rated frequency

50, 60Hz

Phases, voltage, frequency

Single-phase, 200 to 240V, 50/60Hz

o Voltage/frequency variations Voltage: +10 fo -10%, Freguency: +5 to -5%
£ - ! B
= ;. * When the input voliage is 165V or more, the inverier continues cperation. If it drops below 165Y,
E | Momentary voltage dip capabllity"8) | 4 inyerter operates for 15ms.
E]
_g (with DCR) 11 20 35 6.4 1.6 17.5
Rated current *6) A
(without DCR) | 1.8 33 54 a7 16.4 248
Required power supply capacity *7) kVA | 0.3 04 07 13 24 as
o | Torque *8) 150 100 50 30
=
= | Torque *9) % | — 150
&

DC injection braking

Starting freguency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s Braking level: 0 fo 100% of rated current

Enclosure (IEC 60529)

IP20, UL open type “11)

Cooling method

Natural cooling Fan cooling

Weight / Mass kg

07 ‘ 07 | 07 | 12 24 | 29
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