o

.

e

2

“ _...mw.m..u«%“mbﬂ.
e




° o a a - o W o P
NM391804N13AUANIAGDIUTUBINAB U SN SIBAIUANMATILDANW
Simulation of Inverter Air Conditioner Control

for Controlling Reactive Power

Tog

e

WUEITWAY SuzgNAVNG
UYITANT WUNITEYIA
WNENIININT - WadWsEzRana

unaAfss  Indadnddana

73

o & ' o as a v a
Uinyyriiwusiifudumiiavasn1sanyinamangn s AN suAIan sunein
madridanssulnih angiAInTIuENS
antuwmaluladnszeaunandinummisainnizi

UnsAnwen 2557



Simulation of Inverter Air Conditioner Control

for Controlling Reactive Power

Worapoj Viriyautsahakul
Worapat Panacharoenwong
Wipaporn Pongpiriyakijkul
Sasatorn Kosolsaksakul

THIS PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2014



Unns@nwn 2557

el s

msasuuaeaieliueIMANasoAUANMALILEATIN

Simulation of Inverter Air Conditioner Control

for Controlling Reactive Power

e

WAL FReveR@Ivng

153 WUNDTRY A
NS wdisELing
e Tnmadnadna
ol ep
219158NUINWN

A5.515558  wedls



UigariwusUnisfing 2557
nmedviangsulada

Auzdmnssumans antumaluladwszesunaidiaummiainnsyUs

- v o = ) = o w.a -
L3893 ﬂ'ﬁﬂ‘ﬁﬂkL‘U‘U"{l']aaqLﬂ'ﬁ@ﬁ‘u‘5UE]'1ﬂ']ﬂV|Eﬂ§J'ﬁﬂﬂ'JUﬂﬂJﬂ'Taﬂikhﬁ]ﬂ'ﬂw

1. WABITHAN Wurgnamna

2. W8NS WU 1A
3 UWATIIN NG WETHGgENANa

4 unEedss - Ineadnasana

—
el =
212158NUINWN

P |

(13.2575554  wAEils)




o - ar a ¢ g o a P
ﬂ"l'iﬁnﬁaqn'ﬁﬂ?‘UﬁulﬁTﬂQﬂiuaqn'\ﬁauL'?E]ikﬂaﬁl.‘waﬂ'JUﬂuﬂqaﬂilLaﬁ“w

vinswal  Jurgeaving
YISINT WU d

=

WNATINMS  WadiGeziang
w £
weEeass  InAadnsing

€ o ol ox
NT.997330U u’]ﬂ&'ﬂﬁ 91138NUINWN

Unsdnw 2557

uNAngo

- T W o v o § ¢ oo &

Wasnnuualingeavrsysuas ssuiugimadule ine NI WILLINTY

i 1 e o d o - s - & -

sganaldas Mrldedasuiuenirduiiosines nareidmasoalalwitugiuunui
\WiaalfusmALULLia wazde e iU AR alumsUsdawaseIuE] gunsel
= « a e @ o/ o o o o=l =l 1
sunefneimaluaisnSusnnmadeiifnaamlunisnrvnuiidsTueniiv Tasnsaiuau
nssualuLLndlunsaVEMISY dg Anensansatl WannspmauRriaslnhiuewnes

Tlun1sshwignmgil tasidduaniimuaniuld

DBty inust Seimasiuasuasinensmugueioiiuenne
Sunoimetiefaunioinwirmndulimisensiasluavideivannsomuguig
uoniiviitelirfaUsunpuidailenintu ieanidigadvadla mnpfnisandiliiily
druiilisniu anddigudsvamsiowvawuavaulniias vilivsiowdasaziifauvdely
delvanduiuduld  daainuuuitaesildRenansenusematannsalunsmuauiid
Juoniivasszuuntluiutuguvinimessnissnenluksuazgumgiiniouen leelidednia

Aonszuafinnvasgunanl



Simulation of Inverter Air Conditioner Control

for Controlling Reactive Power

MrWorapoj  Viriyautsahakul
Mr.Worapat  Panacharoenwong
Ms.Wipaporn  Pongpiriyakijkul
Ms.Sasatorn  Kosolsaksakul
Dr.Worawat  Nakawiro Advisor

Year 2014

ABSTRACT
With “significantly. increasing selling volume, inverter air conditioners

a basic electrical appliance in households. Besides energy saving capability, inverter
can also control reactive power.in area by using dg-axis theory. It separates current
into 2 parts that enable simuttanecus control of active-power.and reactive power at
the same time! Active. power is used for temperature. maintenance in area and

reactive pewer for power factor controlling:

This project ‘designs a simutation [of ' an invertef: air /conditioner to
maintain comfortable”témperature-and control reactive power to /improve power
factor of area. Powerfactor improvement can reduce 4ess in transformer and line so
power that be saved can be.used for others'load. Simulation results carried out by
MATLAB/SIMULINK showed that reactive-pewer controlled ability up to outside

temperature, inside temperature and rated current of equipment.
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v"' - [ ] [ ] [v,ﬁ (2.6)

wuag Park’s transform

G S A B b

v:d:vsd‘de_*_iqu (2.8)

Vig=-VigtiawL (2.9)
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Park’s Transform Inverse
Park’s Transform

Park’s Transform Inverse
Park’s Transform
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Park’s transform equation
Fi cos@ sin@][Fa
[Fqﬂ 2 [- sin@ cos B] [Fﬁ (2.12)

Inverse Park’s transform equation

F a] [cos 6 -sin 9] [F
- (2.13)
[Fﬁ sin@ cos@)1Iq
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2.5.2 Vector Control
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aun1s Vector Control
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Torque=k@l (2.24)
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Pl 2X, (2.26)
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Simulation of Inverter Air Conditioner Control for Controlling Reactive Power
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Abstract

With significantly increasing selling volume. inverter air
conditioners a basic electrical appliance in households. Besides energy
saving capability. inverter can also control reactive power in area by
using dg-axis theory. It separates current into 2 parts that enable
simultaneous control of active power and reactive power at the same
time. Active power is used for temperature maintenance in area and
reactive power for power factor controlling.

A paper designs a simulation of an inverter air conditioner to

maintain comfortable temperature and control reactive power fto

improve power factor of area. Power factor improvement can reduce
loss in transformer and line so power that be saved can be used for
others load, Simulation results carried out by MATLAB/SIMULINK
showed that reactive powergontralled ability up to outside temperature,

inside temperature and rated current of equipment.

Keywords: [nverter-Air conditioner, Reaetive Power. Vector Control.
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= 3 = ) @ v ow ° o
M1319% 2.1 ‘Uﬂl!“aLﬂ'ﬁ@ﬁﬂ?u@qﬂqﬂmsﬁwaﬂﬂquﬁlﬂﬂ’ﬁwqﬂ?’mlﬂuutiglﬂm 3,000 W

Manufacturer ID MS-D36VC
BTU/h 34,120
Power Consumption W 3300
Power Supply V 220
Running Current A 15.6
EER (BTU/Watt) 10.34
Manufacturer 1D PC-3KAKLT
BTU/h 33,000
Power Consumption W 2950
Power Supply V 220
Running Current A 14
EER (BTU/Watt) 10.2
Manufacturer ID ASYB0A
BTU/h 28,000
Power Consumption W 3080
Power Supply V 220
Running Current A 134"
EER (KW/KW) 27
Manufacturer ID ABY30A
BTU/h 30,000
Power Consumption W 3200
Power Supply V 220
Running Current A 14.5
EER (KW/KW) 2.69
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ANNBINIANRIUINTS
Time | Temperature | Time | Temperature | Time | Temperature

12:02AM 50170 4:53 AM 28.6 °C 9:.44 AM 29.4 °C
12:12AM L1 S 5:03 AM 28.6 °C 9:54 AM 29.6°C
12:22AM 30 °C 5:13 AM Z8.5.°C 10:04AM 298 °C
12:32AM 29:9°C 5:23 AM 285 °C 10:14AM 295G
12:42AM 29.9 °C 5:33 AM 28.4 °C 10:24AM 30.1-°C
12:52AM 29.8 °C 5:43 AM 28330, 10:34AM A0
1:02 AM 29 8" 5:53 AM 283 °C 10:44AM 36 C
1:12 AM 29 1°C 6:03 AM 282°C 10:54AM 30.8 °C
1:22 AM 29.6 °C 6:13 AM 28:20C 11:04AM i

1:32 AM 28:b5€ 6:23 AM 28.18C 11:14AM uly] °C
1:42 AM 295 (] 6:33.AM 28 S 11:24AM 31%%¥C
1:52 AM 294 °C 6:43 AM 28°C 11:34AM #1.5¢¢
2:02 AM 20 [T 6:53 AM 28\J 11:44AM 37
2:12 AM 29.4:°C 7:03 AM 2419 8 11:54AM AV L
2:22 AM F°¢ 7:13 AM 2P 12:04PM 82 °F

2:33 AM 29.."; 5 T1:23 AM 1 2}8 2 12:1‘4PM B2.15°¢
2:43 AM 20.3 °G 7:34 AM 1.9 e 12:24PM 324 §C
2:53 AM 29 8 °C 7:44 AM (.95 12:34PM g241 °C
3:03 AM 9.2Z°E 7:54 AM wricN S 12:44PM B2 C
3:13 AM 28.2%L 8:04 AM 28 °C 12:55PM B2
3:23 AM 20175 8:14 AM £&1 °C 1:05PM 22500
3:33 AM 2840 8:24 AM 28:2-2€ 1:15 PM 328°C
3:43 AM 29 °C 8:34 AM 283 °C 1:25 PM S
3:53 AM 29 °C 8:44 AM 28.4 °C 1:35 PM 3250
4:03 AM 289 °C 8:54 AM 286 °C 1:45 PM 226°C
4:13 AM 289°C 9:04 AM 2806 1:55 PM 226 °C
4:23 AM 28.8°C 9:14 AM 289 °C 2:05 PM 3246 °C
4:33 AM 28.8 °C 9:24 AM A e 2:15 PM 32,40 °C
4:43 AM 2817 °C 9:34 AM 29.2°C 2:35 PM 220 °C
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Time | Temperature | Time | Temperature | Time | Temperature
2:45 PM 32.8°C 7:06 PM 21.9°C 11:15PM Mg
2:55 PM 328 C 7:15 PM 31.9°C 11:17PM .00 8 e %
3:05 PM 328°C 7:16 PM 31.8°C 11:27PM 30 °C
3:15 PM 32,8 °C 7:35 PM ) e 11:37PM 29950
3:25 PM 328°C 7:36 PM 3L.75C 11:46PM 29.9 °C
3:35 PM 2T 7:45 PM s frd 11:47PM 298 °C
3:.45 PM 5 Bl e 7:55 PM 55 e 11:57PM 29 0C
3:55 PM 32.6:°C 8:05 PM 31.6°C
4:15 PM 32.6 @ 8:06 PM d N
4:25 PM 328 "C 8:15 PM BB %

4:35 PM 32.5=6 8:26 PM 3IESPC
4:45 PM ¢ e e 8:36 PM K R
4:55 PM 324 °C 8:46 PM 345G
5:05 PM 32,4 °C 8:55 PM 31.4°C
5:15 PM 32 36 9:.06 PM B1A T
5:25 PM kvl s 9:16 PM <> I
5:26 PM 328 8 9:26 PM BEGE
5:36 PM 32.3 9 9:36 PM 3102
5:46 PM 32.3 °C 9:46 PM | 31.15E
5:55 PM 83 °C 10:06PM S\

5:56 PM Vi 10:16PM )l
6:06 PM oy Vi 4 10:26PM 15 W
6:15 PM 32200 10:27PM o ot 08
6:16 PM F22 G 10:37PM 7 S0aC
6:25 PM 322 10:45PM 30.4°C
6:35 PM AT 10:56PM 304 °C
6:45 PM 29 10:57PM 2050
6:55 PM 32 °C 11:05PM 30.3 °C
7:05 PM 32°C 11:07PM 30.2°C
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inside Temperature(°C)

Outside Temperature(°C)
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" Inside Temperature(oc) vs. Id(pu), Outside Temperature(oc)

/_’

e

ld{pu)

JUN 4.3 nalanuduiussewingamgiinaluthunseualuunu d uazgaumgiineuen

A15199 4.1 HANINARBINTITAIUANAIAYIUEATIW 528 Var

Aldnnsvnany

Temperature(°C) Current(pu) Power
Outside | Inside Id Iq Is Active(W) | Reactive(Var)
28 16.0 0.85 0.23 0.87 2,250 530
32 18.1 097 0.23 0.98 2,540 530
36 422 0.96 0.23 0.98 2530 530
40 26.1 0.97 0.23 0.98 2,550 530
A15197 4.2 KA IVAABINSAIUANAIATILaRTIN 1,056 Var
Temperature(°C) Current(pu) Power
QOutside | Inside Id Ig Is Active(W) | Reactive(Var)
28 16.0 0.85 0.43 0.95 2,250 1,100
a2 195 0.88 0.43 0.98 2,550 1,100
36 2355 0.88 0.43 0.98 2,530 1,100
40 2135 0.89 0.43 0.98 2,550 1,100
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d o ar =l =l
A15799 4.3 Nﬂﬂ'ﬁ'ﬂﬂaﬂﬁﬂﬂiﬂ?UﬂﬁJﬂ']ﬁ@'ﬁtLﬂﬂﬂw 1,584 Var

Temperature(°C) Current(pu) Power
Outside | Inside Id Iq Is Active(W) | Reactive(Var)
28 18.1 Q.75 0.66 1.00 1,970 1,600
32 222 073 0.66 1.00 1,950 1,600
36 26.1 0.74 0.66 1.00 1,970 1,600
40 29.78 0.76 0.66 1.00 2,000 1,600

= o w -
A5197 4.4 wansvnaeInITAIUANRIa3HenTiv 2,112 Var

Temperature(°C) | Current(pu) Power
Outside | Inside id Iq Is Active(W) | Reactive(Var)
28 23.5 0.45 0.87 1.00 1,220 2,150
32 27.4 0.46 0.87 1.00 1,230 2,150
36 2141, 0.48 0.87 1.00 1,275 2,150
40 34.55 0.51 0.87 1.00 1,350 2,150

‘J o w =l
A19197 1.5 WansveaginITAIURNAAYIuBATiv 2,640 Var

Temperature(*C) Current(pu) Power
Outside | Inside Id Iq Is Active(W) | Reactive(Var)
28 259 0.35 il 1.10 900 2,700
32 29.6 0.36 1] 1.10 950 2,700
36 33.2 0.37 et 110 970 2,700
40 36.52 0.51 1ok 1.10 1,100 2,700
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A5 9.6 wan1svaapuilonignmail 16 s wABaLazMIMUALTATELoATIN
2,400Var
Temperature(°C) Current(pu) Power
Outside | Inside Id Ig Is Active(W) | Reactive(Var)
30 16.0 0.98 0.9 1.33 2,580 2,400
32 16.0 1.10 0.9 1.42 2,920 2,400
34 17.7 1.13 0.9 1.44 2,970 2,400
36 19.7 113 0.9 1.44 3,000 2,400
38 217 Jo’5 0.9 1.44 3,000 2,400

A dl “:’ = o o =l
AT 4.7 HaMAaeulenIgamnil 18 svmiEalauayn1InIuANN A TKaRTIN

2,400Var
Temperature(°C) | Current(pu) W Power
Outside | Inside id Iq Is Active(W) | Reactive(Var)
30 18.0 0.85 0.9 1.24 2,250 2,400
32 18.0 0.97 0.9 1,32 2,600 2,400
34 18.0 1410 0.9 1.42 2,920 2,400
36 9.7 13 0.9 1.44 2,990 2,400
38 217 1735 09 1}14 2,990 2,400
AT 4.8 Namswmamgﬁaﬁ?aqmwgﬁ 20 perEaIdvaRaEnIsSAYUANMGIS LRIV
2,400Var
Temperature(°C) Current(pu) Power
Outside | Inside Id Iq Is Active(W) | Reactive(Var)
30 20 0.75 0.9 1.17 2,000 2,400
32 20 0.85 0.9 1.24 2,300 2,400
34 20 1.00 0.9 1.35 2,600 2,400
36 20 1.10 0.9 142 2,900 2,400
38 20 1.13 0.9 1.44 3,000 2,400
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2,400Var

Temperature(°C) Current(pu) Power

Outside | Inside Id Iq Is Active(W) | Reactive(Var)
30 22 0.65 0.9 1.11 1,800 2,400
32 22 0.75 0.9 117 2,000 2,400
34 22 0.86 0.9 1.24 2,300 2,400
36 22 0.98 0.9 1,35 2,600 2,400
38 22 110 0.9 1.42 2,900 2,400

=1 &4 U - o s =
13799 4.10 Naﬂﬁ‘nﬂammamqmwgu 24 BamLﬁatﬁﬂauazm'imuqumﬁﬁuaﬂww

2,400Var
Temperature(°C) Current(pu) Power
Outside | Inside Id Ig Is Active(W) | Reactive(Var)
30 24 0.58 0.9 1.07 1500 2400
32 24 0.65 0.9 dakd 1750 2400
34 24 0.78 0.9 119 2000 2400
36 24 0.85 0.9 1.24 2300 2400
38 24 1.00 0.9 Y85 2600 2400
A319 111 wansnareledgnmnil 26esmisaBuaaznIsAUANIAR T3usATiv
2,400Var
Temperature(°C) Current(pu) Power
Qutside | Inside id Iq Is Active(W) | Reactive(Var)
30 26 0.44 0.9 1.00 1180 2400
32 26 0.54 0.9 1.05 1420 2400
34 26 0.65 0.9 1.11 1700 2400
36 26 .10 0.9 310 2000 2400
38 26 0.85 0.9 1.24 2280 2400
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