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ABSTRACT

This thesis proposes the design of the 12-Pulse AC to DC converter for small hydro
generator connected to the grid system. This converter can reduce current harmonic component
value in electrical power system and increase the DC output voltage was two times, compared with
typical structure of the 6-Pulse AC to DC converter.

To design 12-Pulse converter control circuit of constant DC output voltage is necessary by
using control technique 2 sets PI controller. The driver signal is generated using PWM technique
for driving IGBT devices. The simulation method used a MATLAB/Simulink environment. The
experiment of this thesis was setup via dSPACE DS1104 board in the laboratory level.

The simulation is modeled in MATLAB/Simulink using the 5 kW and 10 kW as resistive
load. This converter can control the DC output voltage at 650V 7.5A and 15A, respectively. The
experiment is set with the same condition as simulation model, under the limitation of devices
rating. The experiment result showed that the converter can control the DC output voltage at 400V
4.8A and 9A, respectively. Therefore, the proposed converter can control the output voltage that can
reliable operate under laboratory condition, although when the load was increased. The current
harmonic component value compared between the simulation and experiment result, is difference

about 40%, because the limitation of the laboratory rated device.

Keywords: 12-Pulse Convertor, Hydro Turbine, Permanent Magnet Synchronous Generator
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. A 1 o Jd . Aa A <
1740 UN T (Harmonic) AD E‘T’J‘LA‘]J?S:ﬂ@ﬂﬂ]ﬂﬂﬁﬂ]uﬂ]uimll%u(&ne wave) nuaNuu
° ' < o < o Za A ~ o & A ~
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1 v A 4 a 4 Y 1
MNY 50 Hz ANUDIITUBUNT llﬂllﬂ 100, 150, 200, ...Hz [9]
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a o 1 A a X a Y A J . . ]
NITUTTAYYIUAN] NNAVU fT'lll'limLElﬂ'JLﬂiW%‘Viﬂ?ﬂ@iélﬂillt\!ljﬂi (Fouier Series) %

@ ' [ P {1 [ [
uerasnavesdyaney lunmdyaa lsinianuaaie o furaienmanswnu

)((t):ao +Z(an cos(na)t)-l-bsin(na)t)) (2.1)
| B

a, =— I x (¢)ar 2.2)
r-_r
) i

a =— ,[ }((I)cos(na)t)dt n=1,23...a (2.3)
T_r
) N

b =— | x (¢)sin(neor )de n=123..a (2.4)
T_T

2

o 1 7w A 4 4
Aa0819 MINFUMNAIUEIAIY (Square Wave)

1 1 1 1 1
(sin(()t+—sin3a)t + —sin5t +—sin 7t +—sin 9@t +—sin1 1t +..... j (2.5)
3 5 Jf 9 11
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a 4 4 a . = ' @ = Ay 1 g

UPDTFNITNOUNE (Inter Harmonic) AD dulsenouves nujtywm"lcvummma"lmﬂu
o 1 o a [ PR A [ ~ [
1UIUNT (TUIUIITI) VDY agmgm"lmummmnu”aﬁmmmizmj ﬂ\‘]gﬂ‘ﬂ 2.4 ugasalnasy
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F(f)

HSJHILIT TT;T +;¥+Hn o g

0 f 1 111

= v a s ¢ a
g‘]J‘VI 2.4 gulnasudumesarsuelng

2.3.1 Heuuedasueing

1) ﬂliaﬁlﬁﬂlmz Instantaneous Value
f(t)="f(t)+f,(t)+ f,(t)+.. (2.6)

2) Mszanswa (Effective Value or RMS Value)

3==2)
= () 2.7)
T o
et T3 (2.8)
RN WA S A A (2.9)
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3) maa lfhazdrnlszneumaa (Electrical Power and Power Factor)

Active power

Displacement pf .= (2.10)
Apparent power(Fund)
T
|
— | vidt
T (2.11)
— 0
1 £
—\v\i +i, +i +..)dt
TJ. ( bz ) (2.12)
— 0
XA V)"n’ls Irmx Cos¢1 (2'13)
—cosh (2.14)

Active power
Total pf.= (2.15)
Apparrnt power(total )

- V;ms [rms o ¢I (2 16)

rms  rms

1 cos¢
rms 1 1

X 2.17)
2 2 2

ARV A o A o A o (2.18)
2 2 2

I =\ +E++. (2.19)

"L = =distortion factor (2.20)

rms
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P=ScosO 2.21)

O =Scos 6 (2.22)

s=+/p’ 4o (2.23)

4 a J

Tunsaindyaaussaunionszua lihiasueting

S=NP +0 +D’ (2.24)
P:ZVk]k Cosek (2.25)
RSy o o (2.26)

110 D = Distortion

Tag 1MoV D HAAINAgAUIIIRUIAE NI ZLANTANNDANNY

D
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1 a Y 14 a 4 1 @
4) MANUAANIUTITUOUNTUADLA? (Individual Harmonic Distortion ; D,)

Dn = n=2,3,4,5,... (2.27)

1 a e 14 a 4
5) AANVHAIN F1IUDUNATIU(Total Harmonic Distortion; THD)

THD ==L X100%  :n=1,2,3.4.5... (2.28)
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PFinamdsnu i aaunsonaa ladlugsaunisi 2.30
W = Pinf (2.30)
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1 $ 4 o A a @ [ I
aumsae Tuunu dgo nldninrasauyaveunsosiuia lihuuodelasifauiman
9 Y
ansuugnayld dail

FUMITUITIAY LAY dq0 (dg0 Voltage equations) :

d a0
U, =ri +——4Ad— (2.31)
dt dt
dA a0
U, =ri +—=+Ag— (2.32)
dt dt
A,
U, =ri +— (2.33)
dt
o dd,
0=r i +—= (2.34)
dt
- dA,
0= h i/a, i (2.35)
dt

4 1 <
AUMIMIFOUFUUTUNAN (Flux linkages) :

AN = (2.36)
q q9 9 mq mgq
ﬂlq i\ Ld id + erl' ikd + lma’ lm (237)
A
Ny (2.38)
j’o =L,
L= ; ~ 054 2.39
lkq - Lmq lO + qukq lkq ( )
ﬂl/ﬂl = Lmd id + Lkdkd i/cd + Lmd im (240)
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a 1 I
aumsusadavesusman Ivih (Electromagnetic torque) :

3P
To, ==

(xldiq —/lqid) N.m. (2.41)
22

a ] < 9| . 9 J kS a
Tunsedavoauuman 1 (Electromagnetic torque) AUANFAUY @13150U8nUTITA
= I o s =] Vg y
mavuman I 1didy 3 esrdszaey Ae esrdsyapudunsaman  vazlauiluauiie
4 X I a { [] o o
Ld < Lq endsznougailuussdan ldaunsamhnulduazesnlsznovvesmsnszduain
1 I~ [] I
AUVUNIHANVOUUHAND 1T
A D) - Yo &
aumswouduuswimandidenuluunuy q uazunu d gouaaslaaail

A, =L, (iq +i,'(q) (2.42)

mq

md

A =L (id o +i;d) (2.43)

o 4 ] ] < o &
lﬂﬁ@uﬂ'LlELUﬁllﬂWiﬂ’liL%@?Jlﬁ'uui\uﬂJlﬂaﬂ ﬂQuu'ﬁllﬂ’]ﬁﬂﬁgllﬁiumﬂaﬂﬂﬁ'lﬂ'ﬁﬂ

a Y A
2311014 Ao

3 =L(/1q —ﬁmq) id:L(/ld -1,) (2.44)
51 i)

il‘fq - L(ﬂ“kq _ﬂ“mq ) illcd :L(ﬂﬁcd _j“md ) (2.45)
szq Ikd

Y

o o J o ) @ '
INANUANUNUTNINUA ﬁ’lfﬂillﬂi%uﬁiu%ﬂﬁﬂﬂﬂlﬂﬂuﬂu d Qﬂllﬂlllﬂ'lcluﬁllﬂ'ﬁ@aﬁu
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Y Y a = 2
ﬁlz"lﬂﬁumsmqmu@uwﬁ UANU

V,, =nvV, sin(aot + %)
V,, =nvV,, sin(at — %)
V,, =nvV, sin(at —%T)

i nv=1:1,nv=1:\/§

[

) ¢ ¥ Ao A
ﬁiJﬂﬁ“l/INmm’EnﬂmeN 298 UANU

V. =V sin(at +%)

V, =V, sin(at —%)

V. =V, sin(at —5%)

(2.49)

(2.50)

(2.51)

(2.52)

(2.53)

(2.54)

A A ~ o A < o 1
NNANNTN 2.49 - 2.51 afSeuMeunuannsn 2.53 - 2.54 %zmmmmmﬂﬁ NI

azla azHA19N U 30°

V.. =V sin(et+=-2)=V_sin(ot+2)
2 6 3

. T T . w
V..=V_sin(ot———-=)=V_sin(o.t——
b m ( (] 6 6) m ( (] 3)

V.. =V_sin(wt —%”—%) _V_sin(at-7)
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3-Phase signals
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D.av 3 oav (2.61)
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Ly = $ L, s (2.62)
2
L s = glm (2.63)
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dt
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2.8 UHUMNVDINFINNIUIVY (Flow Chart)
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3.4.7 mswavumsa (Clack’s Transformation)
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3.4.8 msutlaauvvihia (Park’s Transformation)
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Abstract

This paper presents the simulation of 12-Pulse AC-t-DC
power converter using three winding transformer. This paper aims to
reduce the voltage harmonics in the generator side and to decrease the

3

sizing of power switching device. Magnet Sy

G is directly

d to three winding transformer. The dq-
reference frame and conventional P1 controller are used to control the

DC output voltage at 650VDC that is implemented using

MATLAB/simulink. The simulation results show that the ripple voltage

is reduced less than S percent d with the | power

P

converter.
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Abstract

This paper presents a study of comparison of PWM power rectifier between 6 Pules and 12 Pules
converter topology by small hydro turbine Generator (20kW} is power supply and Compare harmonics Current
feed in the systems. Both converter connected Permanent Magnet Synchronous Ganerator(PMSG) and Voltage
Regulator Control at 700 V. The control system by Decoupling Control and Conventional PI Control for control
parameter Pl value by Nicole-Ziegler method. Analysis for Performance of the system presented a mathematical
model with Matlab/Simulink program. The result of simulation have value less than 5 percent of ripple voltage
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than converter 6 pulse. This Case study can apply using PWM power rectifier control in future work.
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