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Abstract

Thailand is one of the leading chicken-product exporters in the world. Therefore, the need
of exporting chicken products or other livestock is very important. One of the key factors for good
quality livestock is to raise animals in suitable weather and wind speed in which the livestock house
uses the fan motors as ventilators. In each house, a number of 1.5-hp fan motors could be up to
twelve, depending on the size of house. Generally, the climate control system in the closed
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livestock house uses the on/off control of fan motors. In this control scheme, the electric energy is
unnecessarily wasting because of two reasons: (i) high starting current (known as in-rush current)
during direct-start, and (ii) only full-speed operation during run-time. Presently, highly efficient
equipments such as fan bland, motor, and cooling pad have been employed to reduce the
electricity consumption. However, the reduction of electricity cost from these equipments is not
significant. Nowadays, inverter is gefting more role in industrial and agricultural sectors for energy
savings. Because it can lessen the in-rush current by soft-start and properly operate mofor in the
lower speed range during run-time. In this paper, the theories of inverter and motor speed control
are presented as well as the testing results of climate control performance and energy consumption
in a closed livestock house. According to preliminary testing results, Inverter can save energy more
or less depending on the controlled temperature and climate conditions outside house. The full
article will present the energy saving data by inverer in the dosed' livestock house and the conirol
performance of temperature, humidity, and ventilation

Key words: energy saving, closed livestock house, inverter, motor speed control
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Abstract: The climaw and ventilation controls are
necessary in closed livestock house to maintain the
suitable  environmem for good healthy animals.
Typically, fan motors used in this house are operated
basing on the ON-OFF method This method has three
main disadvantages such as (i) high oscillation of
temperature & humidity (i) high electric energy
consumption, and (iii) uncontrollability of wind velocity.
Therefore, this paper proposes the climate and
ventilation controls based on variable speed drive (VSD)
in closed livestock house to overcome these
disadvantages of the existing ON-OFF method. The
experiment results show the reduction of electric energy,
tendency to reduced oscillation of temperature &
humidity and conirollabilit| of wind velocity, when
compared with the ON-OF F method.

Key Words: Climate control /Closed livestock house/
Energy Saving / Ventilation conmtrol / VSD

1. INTRODUCTION

limate and ventilation controls are necessary in

closed livestock house to maintain the suitable
environment for good healthy animals. Thus, this is very
important to remove the ammonia gases from dung. The
proper environment mainly affects the grownup rate,
animal weight and death rate [1]. Nowadays, there are
approximately 20,000 closed livestock houses in
Thailand [2]. Most of these houses have been controlled
basing on the conventional ON-OFF method. By nature,
this method gives the relatively high oscillation of
temperature & humidity responses and uncontrollability
of wind velocity,

Recently,there are relevent papers about climate and
ventilation controls in livestock and green houses. For
example, S. Yahav and et. al., had studied the optimal
wind velocity involved with the grownup of animal [3-
4). Chao and Gates [5] presented the ON-OFF method to

control fan motor. They indicated that it is difficult for
ON-OFF method to maintain the precise set-point
conditions. Ford and et al. [6] have shown that VSD
method gives the ventilation and airflow more stable
than the triac method. Teitel, Levi and Zhao [7] had
compared between ON-OFF and VSD method to control
ventilation fans in greenhouse and poultry houses. They
showed that VSD method can reduce the electricity
consumption and lower the oscillation of temperature &
humidity, compared with ON-OFF method. In addition,
some other complicated algorithms had also been
proposed. Sigrimis and Gates [8] proposed the fuzzy
logic based controller for ventilation control In [9],
Taylor suggested that the mechanically ventilated
agricultural  buildings can be redesigned using
proportional-integral-plus (PIP) control. In [10], A.G.
Soldatos and et al, developed the regulating scheme for
the indoor temperature and humidity in livestock house
using the robust nonlinear feedback control.
Unfortunately, these advanced methods may not be
practical and difficult to implement.

Thus, this paper proposed the relatively simple
algorithms and system for efficient controls both climate
and vertilation using VSD for enmergy saving. The
experimental results show the reduction of electric
energy, tendency to reduced oscillation of temperature &
humidity and wind velocity controlled, when compared
with the ON-OFF method.

2. VARIABLE SPEED DRIVE FOR APPLICATION
LIVESTOCK

2.1. Configuration of closed livestock house

Typically, overall closed livestock house can be
shown in Fig.1. The livestock house has the following
main components. Firstly, fan motors (ie., three-phase
induction motors rated 1.5 hp, 380 VAC, 50Hz) are
employed to move air from outside to the end of
livestock house. Secondly, the cooling



pad moist by water is used for cooling inside house.
Thirdly, single-phase water pump rated 220 VAC 50 Hz
is used for supplying water to the cooling pad. As a
result, air can be flowed from outside of house through
wet cooling pad through the end of house. This process
would reduce the temperature in the house. Fourthly, the
TI-T3 and HI sensors are used to measure the
temperature and humidity inside the house, respectively.
These sensors would send the 4-20 mA signals to the
master inverter. Lastly, three inverters (each rated three-
phase, 7.5 hp, 380 VAC, 50Hz). These inverters are
communicated to each other via RS485. Inverter which is
connected to sensors is “Master inverter” and other
inverters are “Slave inverter”.

2.2 Proposed VSD for closed livestock house

The proposed VSD is specially designed for livestock
house application as shown in Fig. 2. The proposed VSD
consists of the following main components. Three-phase
rectifier/IGBT module, gate-drive circuit board, 24- and
12-Vdc switching power supply, microcontroller boards,
signal conditioning circuits for
temperature/humidity/motor  cument/dc-bus  voltage
measurements and the user interface board (i.e., graphic
LCD and buttons). In addition, this VSD includes one
output relay to control the magnetic contactor to turned
ON or OFF water pump, using the hysteresis control.

Top view

B phase, 2 Wire

2oV, SHiz

phase, 3 Wise

Fig. 1. Overall closed livestock house

R DC bus

=

|
g
:

Display & Control
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Fig.2. Block diagram of proposed VSD
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3. CLIMATE AND VENTILATION CONTROLS

3.1 ON-OFF Method

Algorithm of the conventional ON-OFF method can
be shown in Fig.3. The fan motors are turned ON or OFF
from the direct three-phase source with 50 Hz. The
motor speed cannot be therefore controlled. In this Fig.,
there are two control modes to operate, i.e., ventilation
and humidity control modes. Ventilation control mode
will be active when the measured humidity is less than
its set point, otherwise the humidity control mode will be
active which will tum ON motor by one additional step.
In both control modes, the fan motors can be turned ON
with the maximum steps of 7. Each step can refer to a
number of fan motors to be turned ON or OFF
simuhaneously. Fan motors will be turned ON or OFF
according to the temperature eror between the set point
and measured temperature. For example, if the measured
temperature is higher 1° C than the set point temperature
and then one step of fan motors will be tumed ON. This
operation is so called “one step”. For two steps, the
measured temperature is higher 2°C than the setpoint
temperature. In another way, when the measured
temperature is lower than the setpoint temperature and
then fan motors will be turned OFF. The experimental
result of temperature response in the closed livestock
house when using ON-OFF method can be shown in the
Fig. 4. In this experiment, the total duration is | day and
the set point lemperature is nearly constant set about 24.6
°C. The temperatures are sampled in every hour. As
clearly scen, the measwred temperature has high
oscillation upto £ 3.2 °C.

3.2 VSD Method

The VSD algorithms of climate and ventilation
controls can be depicted in Fig. 5. Similary, the VSD
method has ventilation and humidity control modes same
as ON-OFF method. The dash line in this Fig. is refered
to the humidity mode. Instead of increasing the step, the
speed of fan motor would be increased by predetermined
speed when the measured humidity is higher than its set
peint. On the other ways, when the measured humidity is
lower than its set point then the another normal line in
Fig. 5 is used instead. This is so called ventilation mode.
In each inverter, fan motors are synchronously operated.
Speed of these fan motors will be adjusted according to
the temperature error as shown in this Fig. This speed-
temperature error relationship can be configurable by
user. In the ventilation control mode, the temperature
error of 9 °C would result in the linearly increasing speed
of fan motors from 22% to 100% (or 11Hz to S0Hz). In
case of humidity control mode, the speed of fan motor
would be increased more by 12% (or 6 Hz) from the
speed in ventilation control mode. In another case, when
the temperature emor is negative (i.e., the measured
temperature is less than its set point), the speed of fan
motor would be maintained at a constant minimum
speed. This is so called minimum ventilation control.

Next, the hysteresis control for water pump can be
shown in Fig. 6. Water pump will be turned ON or OFF
with conditional user settings.
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In the ventilation control mode, as an example, temp
pump ON and OFF are given as 6 and 4°C, respectively,
Water pump will be turned ON and OFF when the
temperature error is 6and 4 ° C , respectively. As for the
humidity control mode, the water pump will be always
tumed OFF.
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Fig. 6. Hysteresis control for water pump in ventilation
control mode

4. EXPERIMENTAL RESULTS

To evaluate the proposed VSD system compared with
the ON-OFF system, the experiments were separately
conducted for these two systems. Electric energy
consumption, wind velocky measurement and
temperature & humidity controls are focused. Firstly, the
electric energy consumption of fan motors has been
tested. Table 1 shows speed, frequency, current, power
factor, power and electric energy when two fan motors
are driven in 30 minutes by ON-OFF and VSD methods.
As expected, the electric power and energy of ON-OFF
method are constant 2,929 Watt and 1,460 W-hr, which
are always higher than ones of the VSD method at
different frequencies. Thus, the VSD method can reduce
the electric energy consumption by speed reduction. In
Fig. 7, the electric energy consumptions of one and two
fan motors in 30 minutes are plotted in terms of different
speeds. As seen, the electric energy consumption at any
speed is roughly reduced by half when decreasing one
fan motor. Next, a fan motor has been tested in a tube
tunnel of 16 meter in length and 1.30 meter in diameter.
Fig. 8 shows the photograph of this tube tunnel.
Measurement positions of wind velocity in tube tunnel
are marked as X1, X3 and X5 as shown in Fig.9. The X1,
X3 and XS positions are 127, 225 and 545 mm in length,
respectively. The wind velocity was tested with ON-
OFF method and testing results gave the constant wind
velocity of X1, X3 and X5 positions as 4.62, 548 and
6.35 mvs, respectively. Then, the wind velocities in the
same tube tunnel have been measured with VSD method.
The wind velocity versus speeds at different positions
(X1, X3 and X5) can be shown in Fig. 10. The wind
velocities of X1, X3 and X5 positions in tube tunnel
would be varied according to speeds of fan motor. Notice
that the X5 position (central tube tunnel) had the wind
velocity more than ones of X1 and X3 positions. These
results clearly indicate the controllability of wind
velocity with VSD method by adjusting speed of fan
motor. Finally, the temperature and humidity controls are
considered. In the house, the temperature response with
ON-OFF method was already presented in Fig. 4. The
humidity response with ON-OFF method can be shown
in Fig. 11. In this Fig, the wst was performed | day on



November 3, 2010 starting from 1:00 through 24:00.
These results show high oscillations of measured
temperature and humidity when compared with their set
points.

Table 1. Speed, frequency, current, power factor, power
and energy in 30 minutes for two fan motors in ON-OF F
and VSD methods

Speed Energy
Mecthod | of Fan | Freq | Cuvem | PF Power 30 min.
Motar | (Hz) (A) (watt) (W-hr)
(%)
ON-OFF | 100% | 50 | 522 | 082 | 20200 | 160.00
20 10 | 047 | 050 | 12161 | 6081
30 | 15 | 079 | oss | 21578 | 10789
4 | 20 | 118 | 065 | 35008 | 17508
s0 | 25 | 172 | 069 | s4s81 | 27441
VsD 60 | 30 | 243 | o072 | msar | 40921
70 | 35 | 316 | 082 | nerst | ssies
80 | 40 | 429 | o83 | 162522 | si262
90 | 45 | sa440 | 088 | 218490 | 100185
100 | 50 | 6865 | 091 | 284388 | 142195
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Fig. 7 Electric energy consumption of one and two fan
motors in 30 minutes

Fig. 8 Tube tunnel for wind velocity measurement
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Fig. 9 Measurement positions of wind velocity in tube
tunnel
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Fig.11 Humidity response in ON-OFF method

5. CONCLUSIONS AND FUTURE WORKS

5.1 Conclusions

This paper proposed the design of the climate and
ventilation controls in closed livestock house
applications based on VSD method to overcome
disadvantages of existing ON-OFF method. The VSD
algorithms of controlling speed of fan motors are
presented. The VSD is specially designed for easy uses.
The experimental results shown the reduction of electric
energy, tendency to reduced oscillation of temperature &



humidity and wind velocity controlled, when compared
with the ON-OFF method.

5.2 Future Works

Electric energy consumtion, air flow and &emperature
and humidity will be fully tested in the closed livestock
house with comparative experimental results between
ON-OFF and VSD methods.
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2 = Aa o g () Jd A 2 g 4 z
Freq viNg99 A00 (%) ﬂﬂut@ﬂimﬂi"ﬂ'IfJGl'HﬂJme@iﬁ'iE]"l"i11130\1?1'31“15’)11@&@]6511@!3“1‘!

Freq Adj. 111893 210D (%) NAamstSumunseanan Freq

d v} (V]
9.1.2.2 HiNYoUAAINATRID U NI AT an 1 NG VC-1S

a d @ @ a A 2 '
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a d yo v o a Jd d °
Mode VC-1S ¥131894 dun0swesumasiauiiusunesmessisoazyiniaululnua ve-1
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d' Y a d o o [V
31 @2 wilheuaawalulnue Ve-1M vos8u03in0sdanan (Master Inverter)

H a o J o
3 w3 nilweuaamwaluTnua ve-18 ¥998u031918372509 (Slave Inverter)

v.13 1nuadaluia (AUTO MODE)

Mty Tnie AUTO vinefls msvhauvesdunesines fintuguantizemeiazszu
omlagsd IuiRawiglFnusmuagiluiuumsiau Faldaudesimuaminnuiui
s?iym (Grown Day) ;ﬂuuumsﬁmuﬁﬂau (Ventilation) m'iﬁn1mlmﬁmf1 (Water Pump) 19
ﬁwmmnﬂumm?:u (Humidity Control) msAaudaifion (Alarm) msdasldnudansinia
(Sensor) 310aziBoANsRsAUNATT 1AnA 1 13 TamT 2 dmsundheeuaawavesduiesines
TuTnua AUTO f':uﬁmﬁ’agﬂﬁ v.4 Fauthe 8 whoeedsil

E 4
o w

~ T a o J o
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[

o I a o d o
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2 o o dy o d
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Temperature #1904 guvglmasniwlulsasouniala
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Aa o o1 o
Current 131899 vuanszua WA (rms) Nounesnossoliuomes

da T ¢ < ¢ >
Freq Wiﬂﬂﬂ\? ﬂ'J”Illﬂ (%) No un@ilﬂﬂ?%’]ﬂiﬁn@!ﬁﬂiﬁgﬂﬂu']ﬂﬁ\‘]ﬂ?']uﬁ'Jll@m@iqjmzuu

= o a o dy
Tuz1% .4 (7) 11 TEMP CONTROL 11 Tnuams#i1a1u Auto vedunesines nihitlazuans

] ]
a

ADIUULVDIQUNYINADINITAIUAY (Setpoint) aUNYINIALA (Feedback) HaTNIINIVAU

U Q Q Q

v ]
a g ! o 1 [

PUNHYUATN T-Curve AIDYNNITANIAT T-Curve Llﬁﬂx‘iﬁﬁgﬂ‘l’l 3.19

Q U

[

v v v '
Tug1# v.4 (9) vl HUMID CONTROL (1) taaaa1anuduiia’ld (Feedback) fuANudu

Y ;
ABINIINIUAY (setpoint)

4

v o Vv Y
lugii v.4 (9) v HUMID CONTROL (2) nihilszuaasmsimianuvesilu msdeninis

MOulswazdsasIna1In g luuni 2

luzif v4 (@) nil TEMP SENSOR fidhwSuiiveuananiguuvigil (Temperature) 910f23A

d' a W d' v @
QUUYUNI $a'ld 4 &1 Uszneudan & A23AQUYANAIN 1 (Temp #1) AIIAYUNYG a7 1 (Temp

o/

#2) maﬂqmﬂgumw 3 (Temp #-) 1ATAIIAYUNYUAINWUBN (Temp Out)

] v v d. o
T3/ 2.4 () nvh1 HUMID SENSOR  (fiouaasiinanui (Humidity) mﬂmaﬂmm%um 0

v

ul U192 f2 ﬂﬂﬂ’nﬂﬂ’l'm"]fua'lﬁi‘ﬂﬂ1611‘1415\315’61! (Humid In) LLﬁ“’ﬂ’J’Jﬂﬂ’J"IN"IfHﬂTﬂi‘Uu@ﬂ

D.

15950 (Humid Out)

v ' 4
Tugivg (@) nih ALARM e 1#Bunesimesududoudn gungiinsoanuiuiu (High)
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[ Vv v
M3 N1 (Low) Mg ¥ muald Smingamgiindeanusueglusedulifuniodini

v
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1 Ayqy o Y o 1
mmimmmwuﬂ"h UUIUITUAAIAT1IT Normal
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.2 DUNIBDIMDIVUNDIADT 1.5 Llﬁﬁil'lellmzlliﬂaﬂWﬂall 1ad5a

a ¢ d J Y (= (v v
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31N a1 w5y Iihsgnaneme nszua i 8 i ndeou fnely 30 Wit was

o 4 9 3y a 4 ¢ A o [ £ @
lWTnﬂﬁllﬂﬂ!Wﬂi UYDNNNNWANUVIDULIDIADT IUDULUBANDT 1.5 L4531 1 A YUY

lifi Tnaawaay
Speed | V, ., | Al | A2 | A3 P1 P2 P3 | P3¢) |[EGBP)| PF
) | W) | A | @A @®| W (W) (W) (W) | 30min | 3¢
(W-hr) | (ave)
15 | 3852 | 0.200 | 0.300 | 0.003 | 16.890 | 22.370 | 0.170 | 39.430 | 19.730 | 0.32
20 | 387.5 | 0.300 | 0.300 | 0.200 | 21.980 | 26.820 | 14.140 | 62.940 | 31.480 | 0.36
25 | 386.3 | 0.300 | 0.330 | 0.200 | 27.200 | 31.020 | 16.890 | 75.110 | 37.570 | 0.38
30 | 385.0 | 0.375 | 0.400 | 0.200 | 30.297 | 34.929 | 19.360 | 84.586 | 42.290 | 0.39
35 | 385.5 | 0.400 | 0.400 | 0.276 | 34.020 | 38.700 | 22.600 | 95.320 | 47.660 | 0.39
40 | 386.2 | 0.401 | 0.407 | 0.300 | 36.680 | 40.889 | 24.660 | 102.229 | 51.120 | 0.40
45 | 386.5 | 0.402 | 0.496 | 0.300 | 37.460 | 44.612 | 27.920 | 109.992 | 55.000 | 0.41
50 | 385.7 | 0.473 | 0.502 | 0.301 | 40.733 | 49.458 | 28.000 | 118.191 | 58.980 | 0.41
§5 | 386.1 | 0.500 | 0.600 | 0.370 | 42.214 | 55.907 | 29.880 | 128.001 | 64.000 | 0.40
60 | 388.2 | 0.517 | 0.700 | 0.430 | 39.990 | 67.145 | 32.524 | 139.659 | 69.790 | 0.38
65 | 386.1 | 0.528 | 0.700 | 0.450 | 43.807 | 66.145 | 33.615 | 143.567 | 71.780 | 0.39
70 | 386.7 | 0.650 | 0.770 | 0.414 | 48.730 | 72.544 | 29.406 | 150.680 | 75.340 | 0.39
75 | 387.0 | 0.653 | 0.800 | 0.452 | 48.965 | 77.855 | 32.041 | 158.861 | 79.430 | 0.37
80 | 386.6 | 0.642 | 0.800 | 0.487 | 49.027 | 80.605 | 35.221 | 164.853 | 82.520 | 0.37
85 | 386.4 | 0.675 | 0.800 | 0.500 | 51.240 | 83.675 | 36.090 | 171.005 | 85.500 | 0.38
90 | 387.5 | 0.695 | 0.844 | 0.506 | 53.595 | 85.888 | 39.454 | 178.937 | 89.470 | 0.38
95 | 387.7 | 0.673 | 0.881 | 0.594 | 52.917 | 88.117 | 44.960 | 185.994 | 93.000 | 0.38
100 | 387.5 | 0.660 | 0.900 | 0.602 | 53.400 | 89.854 | 48.982 | 192.236 | 96.110 | 0.39
Hnaenmeg *

Hz fin aAnwdves Idhnszuaady 3 e finel¥ivewmes

[ 1 a o o
Voo A0 usedu ihsznamle 1 uazmle 2 maddivesdunesines

Al A2 A3 fo nszua I wdan 1 olaf 2 waz wadi 3 Mmedudhvesdunesney

P1, P2, P3 Ao f1aa A uan 1 wadt 2 uaz wlad 3 audey
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P (3¢) fin faa Invhsaw 3 wla

E 3¢) fio wasaw Iuihsaw 3 wla Tuganar 2 nid

5199 .2 Hauseau Tlfhsenaneae nszua i Mg v wdea IWfhaiely 30 wii

o o 9 Y a o d Y o 9 Y]
taznesunnnes VNNNATUNIDUNIDIADIVUSVYVUDIADT 1.5 LTI 2 A2

vauz LT Inanwaay
Speed | V,, | A1 | A2 | A3 P1 P2 P3 | P(3¢) |EG4)| PF
%) | V) | A | @A | Q]| W (W) (W) (W) | 30min | 3¢

(W-hr) | (ave)

15 387.4 | 0.300 | 0.300 | 0.227 | 25.689 | 24.236 | 19.730 | 69.655 | 34.830 | 0.36

20 389.1 | 0.400 | 0.485 | 0.300 | 33.088 | 42.567 | 24.058 | 99.713 | 48.860 | 0.38

25 393.0 | 0.500 | 0.600 | 0.306 | 42.700 | 55.925 | 27.894 | 126.519 | 63.260 | 0.38

30 392.8 | 0.599 | 0.666 | 0.395 | 51.841 | 63.476 | 33.179 | 148.496 | 74.250 | 0.40

35 385.9 | 0.623 | 0.705 | 0.500 | 54.468 | 64.705 | 41.946 | 161.119 | 80.56 | 0.40

40 387.4 | 0.677 | 0.776 | 0.597 | 59.142 | 70.86 | 52.300 | 182.302 | 91.150 | 0.40

45 386.9 | 0.699 | 0.860 | 0.662 | 60.820 | 80.980 | 57.344 | 199.144 | 99.580 | 0.41

50 387.9 | 0.709 | 0.879 | 0.716 | 65.891 | 83.171 | 63.386 | 212.448 | 108.22 | 0.41

55 386.0 | 0.718 | 0.897 | 0.798 | 67.596 | 86.257 | 74.294 | 228.147 | 114.07 | 0.42

60 3853 | 0.785 | 0.910 | 0.800 | 72.359 | 93.380 | 75.302 | 241.041 | 120.52 | 0.43

65 389.4 | 0.899 | 1.090 | 0.716 | 81.52 | 111.14 | 67.820 | 260.48 | 130.24 | 0.43

70 390.8 | 0.900 | 1.122 | 0.797 | 82.029 | 120.18 | 74.111 | 276.32 | 138.16 | 0.44

75 390.0 | 0.919 | 1.160 | 0.807 | 86.542 | 122.89 | 78.842 | 288.274 | 144.14 | 0.44

80 383.6 | 0.996 | 1.194 | 0.869 | 92.131 | 118.08 | 79.816 | 290.027 | 145.02 | 0.44

85 381.2 | 1.040 | 1.182 | 0.901 | 98.326 | 114.92 | 86.269 | 299.515 | 149.76 | 0.44

90 381.3 | 1.033 | 1.195 | 0.980 | 100.48 | 117.95 | 94.090 | 312.520 | 156.26 | 0.44

95 384.4 | 1.086 | 1.220 | 1.033 | 105.05 | 124.42 | 102.16 | 331.630 | 165.82 | 0.45

100 | 383.7 | 1.147 | 1.289 | 1.030 | 111.99 | 128.71 | 102.19 | 342.890 | 171.45 | 0.45
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a J ¢ v d Y o
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maen a3 usadu ldhssnieao nszua I srade I wdeau Wihaelu 30 wiina

o o v Y a s S A s ] o
L‘WH'JE]itMﬂLG\’E)S VNN WNATUNIDUNIDIADILNUDVYVUBINDT 1.5 115311 1 &1

vzl Ivaanaay 1 62

Speed | V., | Al A2 A3 P1 P2 P3 P(3¢) | Energy | PF
%) | V) | A | A | @ (W) (W) (W) (W) (39)
(W-hr)

15 | 388.8 | 0.350 | 0.071 | 0.398 | 21.560 | 3.320 | 27.854 | 52.734 | 26.370 | 0.30
20 | 388.0 [ 0.480 | 0.183 | 0.499 | 30.318 | 9.950 | 36.440 | 76.708 | 38.350 | 0.31
25 | 387.7 | 0.532 | 0.255 | 0.596 | 37.704 | 17.089 | 45.380 | 100.173 | 50.090 | 0.32
30 | 388.5 | 0.569 | 0.396 | 0.692 | 41.952 | 27.812 | 57.111 | 126.875 | 63.440 | 0.34
35 | 384.6 | 0.633 | 0.509 | 0.799 | 48.457 | 37.932 | 71.020 | 157.410 | 78.710 | 0.35
40 | 385.8 | 0.674 | 0.722 | 0.903 | 53.878 | 58.374 | 84.716 | 196.968 | 98.480 | 0.36
45 | 387.4 | 0.835 | 0.827 | 1.062 | 73.397 | 71.999 | 101.99 | 247.386 | 123.700 | 0.39
50 | 386.3 | 0.982 | 0.998 | 1.289 | 86.300 | 88.102 | 128.98 | 303.382 | 151.27 | 0.41
55 | 386.1 | 1.180 | 1.109 | 1.523 | 106.73 | 100.63 | 159.52 | 366.88 | 183.44 | 0.43
60 | 3869 | 1.330 | 1.310 | 1.793 | 123.83 | 120.47 | 19543 | 439.73 | 219.87 | 0.44
65 | 389.5 | 1.544 | 1.535 | 2.076 | 147.07 | 146.48 | 232.74 | 526.29 | 263.16 | 0.45
70 | 393.5 | 1.758 | 1.793 | 2.309 | 179.12 | 181.82 | 269.61 | 630.55 | 315.28 | 0.46
75 | 3909 | 2.000 | 2.104 | 2.602 | 214.41 | 223.86 | 307.26 | 745.53 | 372.78 | 048
80 | 385.2 | 2.320 | 2.446 | 2.626 | 271.67 | 282.43 | 314.04 | 868.14 | 434.08 | 0.52
85 | 385.0 | 2733 | 2.751 | 3.015 | 317.77 | 320.67 | 359.70 | 998.14 | 499.08 | 0.53
90 | 381.8 | 3.086 | 3.078 | 3.392 | 370.14 | 363.17 | 414.57 | 1147.88 | 573.95 | 0.54
95 | 382.8 | 3.480 | 3.476 | 3.781 | 426.45 | 419.99 | 470.20 | 1316.64 | 658.32 | 0.55
100 | 385.0 | 3.882 | 3.919 | 4.203 | 485.50 | 484.59 | 533.98 | 1477.07 | 752.04 | 0.56
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M3 a4 wauseeu Iiszreae nszua Wi rdeludh ndeaon Wi ld 30 wiiuay

o o v Y a o A o 9 Y a
LW'IL'J'E]iLL‘NﬂLWOi VDINNWNATULUIDUNIDIABIIUBDUYVUDNDT 1.5 LTIUT 2 AT UUTY

Trananaay
Speed | V.., | Al A2 A3 P1 P2 P3 P(3¢) | Energy | PF
% | M)A A @AW | W[ W (W) (39)
(W-hr)

15 389.1 | 0.399 | 0.401 | 0.215 | 29.575 | 35.772 | 18.392 | 83.739 41.180 | 0.34
20 389.8 | 0.502 | 0.599 | 0.335 | 40.784 | 52.934 | 27.893 | 121.611 60.810 | 0.37
25 392.0 | 0.690 | 0.798 | 0.406 | 55.215 | 75.928 | 33.524 | 164.667 | 82.330 | 0.39
30 393.1 | 0.882 | 0.989 | 0.500 | 75.059 | 96.473 | 44.252 | 215.784 | 107.890 | 0.40
35 394.2 | 0.999 | 1.101 | 0.695 | 93.484 | 119.07 | 65.770 | 278.324 | 139.160 | 0.43
40 384.3 | 1.156 | 1.297 | 1.089 | 112.31 | 130.90 | 106.87 | 350.080 | 175.050 | 0.45
45 386.2 | 1.407 | 1.582 | 1.333 | 142.97 | 163.98 | 135.93 | 442.880 | 221.450 | 0.46
50 383.6 | 1.705 | 1.864 | 1.608 | 179.57 | 199.61 | 169.63 | 548.810 | 274.410 | 0.47
55 384.2 | 2.061 | 2.177 | 1.907 | 226.04 | 241.59 | 207.85 | 675.480 | 337.750 | 0.49
60 381.5 | 2.407 | 2.590 | 2.293 | 271.17 | 294.24 | 253.00 | 818.410 | 409.210 | 0.51
65 381.3 | 2.755 | 2.967 | 2.675 | 322.51 | 349.80 | 308.68 | 980.990 | 490.500 | 0.53
70 380.1 | 3.025 | 3.406 | 3.066 | 388.01 | 415.69 | 363.61 | 1167.31 | 583.660 | 0.54
75 381.9 | 3.630 | 3.899 | 3.651 | 449.58 | 487.76 | 447.75 | 1385.09 | 692.550 | 0.56
80 380.4 | 4.138 | 4.521 | 4.230 | 518.94 | 577.42 | 528.86 | 1625.22 | 812.620 | 0.57
85 3823 | 4.682 | 5.152 | 4.712 | 603.82 | 680.76 | 609.70 | 1894.28 | 947.150 | 0.59
90 384.8 | 5.289 | 5.726 | 5.306 | 700.69 | 778.38 | 705.83 | 2184.9 1091.85 | 0.60
95 385.5 | 5970 | 6.415 | 5914 | 811.01 | 891.20 | 804.21 | 2506.42 | 1253.21 | 0.61
100 380.7 | 6.753 | 7.168 | 6.865 | 927.10 | 983.41 | 933.37 | 2843.88 | 1421.95 | 0.62
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MmN a.5 wausaau Iihssnieae nszua i mddlWihuazmne funnmedueang

v Y a o A o 9 o a Y
ATUIVIDUIDINDILINDUVUDINDT 1.5 115911 3 612 %ﬂ!%lﬂﬂﬁﬂ'ﬂﬂan

Speed | V, Al A2 A3 P1 P2 P3 P(3¢) | Energy | PF
| M@ @ W W | W W| W | 6 |Gs
(W-hr) )

15 398.5 | 1.200 | 0.112 | 1.200 | 88.701 | 8.436 | 95.400 | 192.53 | 96.265 | 0.33
20 398.4 | 1.605 | 0.330 | 1.600 | 124.43 | 25.620 | 131.15 | 282.20 141.1 0.35
25 392.7 | 1.935 | 0.520 | 2.000 | 159.09 | 42.165 | 166.89 | 368.14 | 184.07 | 0.36
30 | 396.8 | 2.358 | 0.842 | 2.356 | 206.08 | 74.772 | 216.93 | 497.78 | 248.89 | 0.39
35 396.9 | 2.703 | 1.193 | 2.703 | 252.9 | 114.20 | 270.88 | 637.98 | 318.99 | 0.40
40 397.0 | 3.105 | 1.400 | 3.102 | 305.53 | 140.38 | 328.26 | 744.17 | 372.085 | 0.44
45 393.8 | 3.406 | 1.780 | 3.418 | 362.76 | 190.07 | 380.09 | 932.92 | 466.46 | 0.46
50 395.3 | 3.805 | 2.121 | 3.831 | 423.32 | 236.01 | 440.72 | 1100.05 | 550.025 | 0.47
55 394.9 | 4.353 | 2.608 | 4.388 | 500.80 | 300.86 | 521.80 | 1323.46 | 661.73 | 0.49
60 395.2 | 4910 | 3.310 | 4.921 | 589.50 | 360.50 | 606.66 | 1556.66 | 778.33 | 0.50
65 395.6 | 5.480 | 3.973 | 5.456 | 681.40 | 451.33 | 690.32 | 1823.05 | 911.525 | 0.52
70 394.8 | 6.161 | 4763 | 6.120 | 788.83 | 539.65 | 788.40 | 2116.88 | 1058.44 | 0.53
75 394.8 | 6.778 | 5.720 | 6.756 | 892.6 | 674.00 | 893.00 | 2459.6 | 1229.8 | 0.55
80 | 3949 | 7.640 | 6.390 | 7.591 | 1038.2 | 811.58 | 1035.0 | 2884.78 | 1442.39 | 0.56
85 394.8 | 8.645 | 7.328 | 8.400 | 1185.1 | 946.91 | 1152.3 | 3284.31 | 1642.15 | 0.57
90 394.6 | 9.765 | 8.102 | 9.466 | 1320.7 | 1027.6 | 1266.7 | 3615.0 | 1807.5 | 0.58
95 394.0 | 10.90 | 9.430 | 10.61 | 1500.3 | 1215.8 | 1452.9 | 4169.0 | 2084.5 | 0.59
100 | 394.6 | 11.83 | 10.05 | 11.60 | 1649.7 | 1320.9 | 1621.1 | 4591.7 | 2295.85 | 0.60
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4 [ 1 o w d Jd
M1 a.6 wauseau lWihsenieme nszua i s Iihuasmne fuvnmesveana

v Y a s A o o ) @ a o ~ g
ATHINIDUNIDIADIUDVVUBANDT 1.5 15301 4 1 ﬁszﬂJIﬁﬂﬂWﬂﬁu NAIULEII

A9
Speed Vii Al A2 A3 P1 P2 P3 P@3 ¢ ) | Energy PF
% | MW ||| W w| w (W) Gg) | (3¢
(W-hr) )
15 393.8 | 1.400 | 1.140 | 1.400 | 113.85 | 89.820 | 113.34 | 317.01 158.505 | 0.35
20 393.8 | 2.000 | 1.820 | 2.000 | 168.67 | 147.47 | 165.68 | 481.82 240.91 0.37
25 393.3 | 2.400 | 2.240 | 2.395 | 216.80 | 191.38 | 204.92 | 613.10 306.55 | 0.38
30 393.9 | 2.805 | 2.740 | 2.761 | 278.96 | 222.20 | 241.18 | 742.34 37117 | 039
35 393.1 | 3.200 | 3.080 | 3.100 | 337.82 | 276.83 | 281.70 | 896.35 | 448.175 | 0.42
40 393.4 | 3.626 | 3.360 | 3.383 | 409.76 | 324.93 | 327.17 | 1061.86 | 530.93 0.45
45 389.8 | 4.128 | 3.850 | 3.900 | 475.86 | 398.80 | 400.17 | 1274.83 | 637.415 | 0.47
50 393.3 | 4.780 | 4.400 | 4.430 | 564.46 | 475.26 | 479.89 | 1519.6 759.8 0.48
55 393.1 | 5.420 | 5.048 | 5.108 | 657.45 | 556.54 | 573.80 | 1787.80 893.9 0.50
60 392.1 | 5950 | 5.410 | 5.470 | 762.14 | 643.50 | 665.20 | 2070.84 | 1035.42 | 0.53
65 391.5 | 6.840 | 6.120 | 6.310 | 892.53 | 726.89 | 792.77 | 2412.2 1206.1 0.55
70 391.6 | 7.688 | 7.100 | 7.200 | 1018.5 | 859.40 | 928.81 | 2806.7 1403.35 | 0.56
75 397.1 | 8.805 | 8.120 | 8.310 | 1201.2 | 1015.1 | 1114.7 | 3331.0 1665.5 0.57
80 398.5 | 9.900 | 9.320 | 9.402 | 1371.3 | 1191.2 | 1282.1 | 3844.6 1922.3 0.58
85 398.5 | 10.90 | 10.10 | 10.40 | 1512.1 | 1314.0 | 1441.8 | 4267.9 | 2133.95 | 0.59
920 397.0 | 12.20 | 11.03 | 11.90 | 1723.0 | 1454.7 | 1666.0 | 4843.7 | 2421.85 | 0.60
95 396.8 | 13.66 | 12.80 | 13.23 | 1952.7 | 1716.5 | 1899.4 | 5568.6 2784.3 0.61
100 397.2 | 1540 | 14.83 | 15.10 | 2182.8 | 1800.5 | 2160.2 | 6143.5 | 3071.75 | 0.62
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Speed | V., | Al A2 | A3 P1 P2 P3 | P(3¢) | Energy | PF
| M W@l @l w| W[ W| W | G
(W-hr)

15 | 3925 | 1.630 | 1.30 | 1.628 | 132.50 | 105.01 | 137.72 | 375.23 | 187.615 | 0.35
20 | 3929 | 2.400 | 2.380 | 2.390 | 206.11 | 197.85 | 207.98 | 611.94 | 305.97 | 0.37
25 | 391.7 | 2.806 | 2.793 | 2.800 | 259.08 | 237.74 | 249.50 | 746.32 | 373.16 | 0.39
30 | 3924 | 3.450 | 3.250 | 3.300 | 373.92 | 298.80 | 302.44 | 975.16 | 487.58 | 0.41
35 | 3939 | 3.600 | 3.360 | 3.402 | 399.01 | 324.80 | 328.34 | 1052.15 | 526.075 | 0.44
40 | 3929 | 4.200 | 3.845 | 3.900 | 493.58 | 388.10 | 394.30 | 1280.98 | 640.49 | 0.46
45 | 392.7 | 4.928 | 4.450 | 4.500 | 590.30 | 459.34 | 457.93 | 1507.57 | 753.785 | 0.48
50 | 393.1 | 5.630 | 5.085 | 5.100 | 687.08 | 571.04 | 575.30 | 1833.42 | 916.71 | 0.50
55 | 3943 | 6.445 | 5.216 | 5.820 | 803.8 | 611.20 | 710.20 | 2125.2 | 1062.6 | 0.52
60 | 393.7 | 7.353 | 5.760 | 6.667 | 882.30 | 686.88 | 801.08 | 2370.26 | 1185.13 | 0.53
65 | 3939 | 8.480 | 6.210 | 7.720 | 1094.8 | 769.20 | 965.6 | 2829.6 | 1414.8 | 0.54
70 | 393.8 | 9.700 | 7.688 | 8.980 | 1274.3 | 951.40 | 1122.2 | 3347.9 | 1673.95 | 0.55
75 | 391.0 | 10.95 | 8.980 | 10.50 | 1410.5 | 1124.0 | 1354.2 | 3888.7 | 1944.35 | 0.56
80 | 390.7 | 12.40 | 11.70 | 12.10 | 1616.0 | 1435.0 | 1585.6 | 4636.6 | 2318.3 | 0.57
85 | 392.6 | 13.62 | 12.47 | 13.10 | 1842.7 | 1652.4 | 1754.7 | 5249.8 | 2624.9 | 0.58
90 | 3919 | 15.46 | 13.85 | 14.96 | 2125.6 | 1862.2 | 2069.7 | 6057.5 | 3028.75 | 0.59
95 | 3925 | 17.20 | 15.10 | 16.50 | 2407.9 | 2067.8 | 2370.3 | 6846.0 | 3423 | 0.61
100 | 392.3 | 18.88 | 16.90 | 18.20 | 2642.3 | 2347.0 | 2608.0 | 7597.3 | 3798.65 | 0.62
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< d'a J [y, ¢ o d' d' 4'
1.1 AIMNEIIANVUSNDUNIDIADIVVNDAD INAANNAITING 80 % tND

[ a 14 Y
usaau I udnduesinesiaenseHI1e 360-420 Vrms

= =] 1 o ] (4 @ L Y
M3 41 ANuEIRNLAazd L lug Tusamuuuunu X uazunu Y fuusesau luihdn

9y a 4 4 Aa 4 v d o ~ P
WIBULIDIADT YUENOUNIDINDIVUUDADINAAUNAIIND 80 %

usaau vl ansanuAazdmvidluglusAan (m/s)

Sunodinod X1 | X2 | X3 | X4 | X5 | Yl | Y2 | Y3 | Y4 | Y5

(V.. Input)
360 3.596 | 4.236 | 4.52 | 4.928 | 5.224 | 3.264 | 3.6 |4.128 | 5.416 | 5.518
370 3.576 | 4.32 | 4.64 |5.032 5396 | 3.30 |3.925 | 4.34 |5.492 | 5.856
380 3.568 | 4.52 | 4.708 | 5.144 | 5376 | 3.352 | 4.148 | 4.54 |5.592 | 6.168
390 3.612 | 430 | 472 | 5201 | 55 |3.408 |3.788 | 5.436 | 5.868 | 6.196
400 3.688 | 4.404 | 4.728 | 5.230 | 5.428 | 3.450 | 4.388 | 5.524 | 6.056 | 6.30
410 3.608 | 4.352 | 4.68 | 5.40 | 5.876 | 3.520 | 4.544 | 5.621 | 6.04 | 6.36
420 3.748 | 4.228 | 4.608 | 5.416 | 5.456 | 3.560 | 3.684 | 5.20 |5.772 | 6.20
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4 . o a 4 o < v o 1 d
3 a2 wsedulwduddunesinesuazau aundazdumislug Tusdaumuuny v lu

adga o I o o J o =~
'J%ﬂunﬂﬁmﬂiﬂu’]!ﬁu@ ‘llil&S‘Vlﬂl‘]JiJﬂlﬂfﬁWﬂﬂNﬁ'JUﬂT]iJﬂ 80 %

& Aa ¢ J oz d o a = A
1.2 ANUNIANVUSNOUNIDIADIVUNDADINAANNAIIND 60 % 11D

usanu Infudndunesmesias 1L 1314 360-420 Vrms

A < 1 o ] d @ o vy
M1319N 4.2 ﬂ'ﬂ“ﬁ')ﬁﬂllﬁagﬁnllﬂuﬂiu@juﬂﬂﬂ’]“uuquﬂu X Uagunu'y ﬂUL!ﬁQﬂquﬁ'lﬂTu

Y a s ¢ Aa s L < o = P
WIBUNIDIADT YUSNOULIDINDIVVUBANBDIWAANNANIND 60 %

usaeuludn aSianuaazdmmidluglusnan (ms)
Suraedined X1 | X2 | X3 | X4 | X5 | YL | Y2 | Y3 | Y4 | Y5
(V... Input)

360 2.892 | 3.276 | 3.492 | 3.68 | 4.244 | 2.152 | 3.164 | 3.556 | 3.76 | 4.172
370 2.904 | 3.368 | 3.532 | 3.76 |4.300 | 2.592 | 3.22 | 3.564 | 3.932 | 4.408
380 2.96 | 3.312 | 3.468 | 3.776 | 4.104 | 2.572 | 2.968 | 3.576 | 4.168 | 4.48
390 2.972 | 3.356 | 3.508 | 3.801 | 4.24 | 2.208 | 2.952 | 3.656 | 4.304 | 4.6
400 2.90 | 3.408 | 3.540 | 3.932 | 4.324 | 2.284 | 3.112 | 3.796 | 4.248 | 4.432
410 2.984 | 3.368 | 3.500 | 4.000 | 4.176 | 2.276 | 3.016 | 3.604 | 4.14 | 4.516
420 2.932 | 3.364 | 3.392 | 3.844 | 4.24 | 2.296 | 2.716 | 3.52 | 4.036 | 4.30
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o aa d & ¢ v a A A
1.3 ANMNIIANVUSNDULIBDILAD IVUNDADINAQANNAIIND 40 % IND

usanu I udndunesinesiaensE+a1g 360-420 Vrms

d' =] 1 o 1 o [ @ 9y
AN 4.3 mmmammazmtmuﬂuqimﬂmuumuﬂu X Uuagunu'y ﬂﬂlliﬂﬂul‘lﬂﬁ'lﬂ'lu

Y a s o Aa o o o o w = =
UIDUNDIADT YUUSNOUNDIADIVUUDADINAANNAIIND 40 %

usaeulnludn amuSiasdazdwmisluglusaan (m/s)
a d <
ML | i x| x xlxs | vil vl vl vel vs
(V... Input)
360 1.988 | 2.328 | 2.472 | 2.74 | 2.756 | 1.64 | 1.848 | 2.432 | 2.784 | 2.828
370 2.000 | 2.332 | 2.532 | 2.628 | 2.892 | 1.63 | 2.024 | 2.504 | 2.72 | 2.808
380 2.032 | 2.38 | 2.512 | 2.742 | 2.904 | 1.628 | 1.992 | 2.464 | 2.776 | 3.032
390 1.988 | 2412 | 2.432 | 2.676 | 2.864 | 1.62 | 2.116 | 2.548 | 2.98 | 3.004
400 1.96 | 2.268 | 2.464 | 2.644 | 3.008 | 1.572 | 1.956 | 2.456 | 2.944 | 3.08
410 2.02 | 2.412 | 2.532 | 2.648 | 3.004 | 1.616 | 2.132 | 2.38 | 2.832 | 3.116
420 2.08 | 2312|2448 | 2.674 | 2.844 | 1.600 | 1.956 | 2.328 | 2.856 | 3.012
4 L] 1] .
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b
ey
&
8
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a c [ Y Jd o Y Aé = 1 1
2.1 aunasmaimﬂuuamaswmumﬂmﬂ"lﬂﬂn 7 AT N 1NN

a du A d
WamasnuSuenines

2611/06/15 16 Sl Normal
35 16HS/s  18nshiv
! : : s : £ : “O0USAid 1 g
: : ; : i 0.200kU/d iy
3 DC  Fulf

Edge Ext £
futo
8.000 U

Hax(C) 691.6670
Bas(C1)  424.418U

o { 3 d o 4y a 4 o o o 4 4
3 03 useduiihidauemesiiaau odunesmesdunemefiaaufinnud 50 Hz 2

o102 7 s vaue hifiiames fuSuenmes (0.200kv/div: Sous/div)
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a1 We1 7 wasvaiNawe RS uenmos (0.200kv/div: 50us/div)



154
¢ &N o i, A 1
.1 81«!&']95&9]959]'6ﬂUNi’)!ﬂﬂ‘iWﬂﬁN&hHﬁ'lﬂ‘lwﬂ'n 14 149 maﬁuaz‘luu

a o A d
WawmasnuSuennos

2011/06/1S 16:23:50 2= n  Normal

: 5 5 T : T 50Nl :
{ : i 1 : i 3 : : 0.200kV div
..... ST e L R W

H

Edge CHI &
Auto
0.280kV
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oo 14 wasvaie lififames fusuonmed (0.200kv/div: Sous/div)

20110615 17:21: 0 e Normal
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Edge Ext §
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a J [ J o 9 4' = =
3.3 E)unﬂi!ﬂﬂiﬂ'ﬂﬂUNi’)&ﬂi’)iWﬂﬁNﬂ?ﬂﬁ'lﬂ"lﬂﬂTJ 25 1A3 !N@NHQZVINN

a dosr Ao d
Wamosnuuennes

2011/06/15 15:27 1427 ey Norna 1(2004sAiie)
44 200MS/s S88usAliv

o <211k

HaxX(CD) 5
Ras(C1)  483.065Y

o & e i = & P e d’ 4 v
3 0.7 ussdulWihiduemesvinan iedunesimesdunamesiaauiinnud 50 Hz dao

oW 25 wasvae liiHamesnus uenmod (0.200kv/div: 50us/div)

2011,96/15 17:32:482) 1
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3 (le'{k)

X .
Ras(C1) 431.e88V

= id P i & o e 2w ! & v
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a I3 d 1 o d Y d' = A
3.4 ﬁ)m’m‘i!ﬂﬂ‘iﬂﬂﬂUNﬂlﬂﬁiWﬂﬁNﬂ]ﬂmﬂl’Mﬂn 40 N3 mammz"luu

a dou A d
Hawmasnusuannos

2011/86/15 15:05:27 1\ s =gin  Nermal
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: i 3 : : 2 9.200kVU d iv
DC  Full

Edge CHI §
Auto
©.280kV

X . U
Rms(C1) 420.716Y

o P 2w $ a ¢ il &0 .:' 4 Y]
31 0.9 ussdulihndwemesinau isdunosimestunemeswaauiinud 50 Hz 420

o101 40 wasvaz Ll amestuSuennes (0.200kv/div: S0us/div)

2011/06/15 14:31: 082 e ——y200c NoTR1
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2001S/s 160usAliv
(ZlﬂpOk) : ¥ :
: 9.200kU/d iv
DC  Full
Edge CH1I §
Auto
0.280kV
Max{C1) ©68.3330 fePosition
Ras(Ci) 513.355V
Freq(C1) 9.682885kHz -1.60div
Duty(Ci} 88.52«

@ = q’/‘ o o q a LY o @ ~ {
3 010 ussduTihidaemesiinan WedunesinesdunemesWaaufinawd 50 Hz 420
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a a 1Y) = :/l o o a 1 du o
M3 NN 2.1 Nalﬂgﬂ'ﬂl‘ﬂﬂﬂuﬁQﬂullwﬁ']ﬂﬂl'luﬂlﬁﬂivlﬂall "Umzuuﬂzl‘luﬂﬁﬁlﬂﬂiﬂlﬁu@ﬂlﬂﬂﬁ

a5

A a d 1w o @ b4 '
Li.l'f]?)unﬂimﬂiﬂ@ﬂﬂﬂﬂmfJiWﬂﬂiﬂﬂ'Jﬂﬂ'JuJU'l'Jﬁ']leﬂﬁ'N"‘]

anugnmell | dnnwiaan | useduiihiiflame? | ussduiiianod
(11a3) ) fusuennes fluSuenimes
V) v)
7 1 891.66 841.77
14 1 908.33 825.00
25 1 991.66 858.33
40 5 1,125.00 808.33

% é
A1 THD vaanszua Wi inmiadrudduiesines tiiosnazlsli

a d o
HWawmosnusuenines

=; ~ 1 9 9y a o o =1 a
131941 2.2 wmﬂ?aumannszummz A1 THD Gumnszuammmmaunasmawmzmmz"lml

W do A S A a o I w o g l/l 1
AMDINUILDAADT LUDDUIBINDIADNVUBDINDINATUAYA1INGIIT Y 'V‘IG]'N“']

mell | $wou nsdihififamesfuSuennas nsdlifamesuSuenmes
813 | Weaw
(m) | M) 1(A) THD (%) 1(A) THD (%)
Iy T | s | Iy | Lpp | I | Iy | Iy | 1 | Iy | Iy I
7 1 56 | 36 | 3.6 | 18172001 |2005| 51 | 33 | 46 | 1683 | 1859 | 1806
14 1 55 | 38 | 38 | 18191979 |197.8 | 54 | 34 | 36 | 1662 | 1858 | 181.9
25 1 56 | 39 | 3.9 [ 18191997 | 1996 | 57 | 34 | 38 | 1684 | 1915 | 1844
40 5 1201|186 | 198 | 1353 | 137.5 | 1374 | 188 | 169 | 182 | 119.7 | 1204 | 121.1
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a L4 d o [ A v d ] [
aUnBIMBITIMIUAILgNENzIMALAz szl lsuSeutlaladal wisesnidlu 5

Tnuandndwiufe Tvua Manual Tnuemsieudeiniesmuguanzeimauuuia-Tadu

a '3 Jd @ wa
DUIDTIMDT uag Inuaoa Tuila

2.1  1%iyA Manual

] }4 b4 d‘
Tnua Manual Ao §lFausmuaddunesinesii 1ddaud 15 89100 % (7.5 §9 50 Hz) 314 .1
wag 9.2 uaasdyaaussiu Ilihsendaa AB sunszualifurea A Aimadueenves

a o o A = °o_w
BULIDIMBT NAINUD 25 Hz 11ae 50 Hz fuaiay

2010/10/31 21:43:02 = — =10« Normal
YOKOGAWA ¢ 47 3 S0kS/s  28nsAiv
T, = w VU R WO S 3 T {1 T, : . CH1 1006:1
5 . 8 PR e 8.200kU/d iy
¥ 1 : :

ceeeelo.. SN RSP RS 00 e DC  Full
s L : CHZ 1600:1
...... en " 0.200kU d v

........ - N DC  Full

Lo AL o CH3 100:1

s Gesssons B LA 0.100kV/d {y
--------- : ..»......: .‘-..A...: “eema u: m mll
SO B e . CHe 10a:1U
s , 5 o el | 2.00 A/d TV
...... |l pc  doKkHz

MaX@CD  591.6600  Hin(C2) 5916670 TRS(C3) 149.550u

Hin(C1) -6083330 Rus(C2) 299.332v Rns(C4) 1.63241A
Rms(C1) 298.031V Max(C3) 304.162V Freq(C4) 24.93766Hz
Hax(C2) 583.333v Min(C3) -304.167V

s a1 ussduneznszualWihmeduesnvosdunesinesianud 25 He
(V45:0.200 kV/div : VBC: 0.200 kV/div : VC 4+ 0.100 kV/div ;
1,:2.00 A/div : 20ms/div)
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2010,10/31 21:45:12 ¢ =pioc Normal
YOKOGAWA 4 626 SOkS/s 20nshkiv

CH1 1000:1
0.260kU/d iv
DC  Full
CHZ 1000:1
©0.200kVU/d iv
DC  Full
CH3 100:1
©.108kV/d iv
BIC  Full
| [CH4 16A:1V
2.80 Asdiv
DC  40kHz

Edge CH1 §
futo
-8.012kV

Hax({CI) 575.6000 Hin(CZ) -583.3330 Ras(C3) 191.688V
Min(C1) -575.000V Rrs(C2} 382.603V Rms(C4) 1.786038
Rms(C1) 383.588¢ Hax(C3) 295.833 Freq(C4) 40.00000Hz
Max(Cz2) S75.e00U #in(C3) -295.833V

sl a2 ussduuazaszualiihmedueenvesdunesinesinnud 40 Hz
(V42 0.200 kV/div : V.1 0.200 kV/div : V., : 0.100 kV/div :
1 ,:2.00 A/div : 20ms/div)

A VoA A
9.2 i?’iuﬂﬂ’liﬂfﬂﬂﬂﬁ)lﬂ‘i@\‘lﬂ)‘ﬂﬂuﬁﬂ'I'JZ’('{)'Iﬂ'Iﬂlmz'iSU1ﬂﬂ1fnﬂ!!1|‘l]l‘llﬂ-
a [V d d 4‘
‘l.lﬂ AUDULNIDIANDTF 3 INTDY
dyd v @ ° a o L A 1 P
MInaavsiliunmsiadyyIun1si1uYeduNssnes 1 THuamIFauADIATBIAILRN
AAMTRIMALAZIZU0INALLUIEA-TA (ON-OFF Controller) fiudu1031003 3 1AT03A0
A i i e @ ~ £
IA399 ON-OFF Interface M3tyousoiuansnsg i 2.3 Falsznauday
(1) 19509 IUAUANIZDINALAL 5¥ 00 IMALDLITA-Tla (ON-OFF Controller)
(2) 1NT0UFOUAD ON-OFF Interface
?3) §unﬂ§'ma§ﬁawﬁ'n (Master Inverter) Sums"ma{ﬁasmﬁ 1 (Slavel Inverter) Lo
BUNDIMDIAI503N 2 (Slave2 Inverter)

(4) YBINBIAIN 1 (M1) HOIADSAIN 2 (M2) LAZBINDS AN 3 (M3)

a @ @ o U o 3 4
E‘ﬂ’fl R.4 LAAIAIUTUN ‘L!‘ﬁ‘iZ‘H’JNi]'I‘Ll’Juilu“llﬂQ!ﬂdﬁlﬂﬂﬂ’J‘UQIJﬁﬂ13$01ﬂ1ﬂltﬂ$§$ﬂ13@1ﬂ1ﬂ
@ Ada d d o d a a 4 Jd 3 o a P
Llﬂﬂlﬂﬂ-ﬂﬂﬂﬂﬂ’ﬂﬂﬂ‘ﬂ BULIIDILADIY ‘]JﬂJE]WI’E)SWﬂﬁﬂJ DUIDILEDINITINITNINIUNAINIIUD
O o & w0y g G a & & o o 2
QYINU ATUATHIVU 1BU NATTIVUN 1 (Step 1) DUNDIFMDINITIN NAISVUUBINDINAIINUD

v d
@EINUAD 54 % 1T uAY
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901
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(ON-OFF Controller) 18110510035 3 (130942017509 ON-OFF Interface
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RS485

B o e e e e T N e ]

Slave1
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Ry B e A

Slave2
inverter

= A A
sin a3 ﬂ'liL‘BE’JSJﬁ’E')Lﬂ500?1’Jﬂﬂijﬁﬂ"I’J$’E)'lfﬂmlax5$U1ﬂﬂ1ﬂ1ﬁlm‘mﬂﬂ -1la

. No of steps
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!
|
l
i
I
i
:
i
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" (from ON-OFF
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d' v o @ 3 4
Eﬂ'ﬂ 2.4 ﬂ')'liJﬁiJWLl‘ﬁ“U'fNﬁﬂJﬂJu'lil!LL'U'Uﬂlui]'lﬂlﬂ?ﬂQﬂ'J]JﬂﬂJﬁﬂ'l'J%f)'lﬂ'lﬂ!Lﬁgig‘U'lU@'lﬂ']ﬂ

o Aa < Y o
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; v o do 3 4
ﬂ1§1~1ﬁ fa.1 ﬂ'ﬂilﬁllwu‘ﬁ%"lu'lu‘llui]1ﬂlﬂ§ﬂ\3ﬂ'J'Uﬂll’dﬂ1’J&"ﬂ'lﬂ1ﬁllﬁ$‘i$‘l]TEJ'E']'lﬂ'lf’ﬂLU‘lJLﬂﬂ-ﬂﬂ

{ :.:' I o
AMWAN desmsaiuguiazanuduemesiiald

Sy mméﬁé’l’mmimuqu anuBuemeiiiald | anuAawai
(No of Step) | (Set point Frequency, %) | (Measured Frequency, %) (%)
0 44 43.980 0.04
1 54 53.763 0.43
2 63 62.893 0.16
5 7l 71.431 0.60
4 78 78.741 0.95
5 84 83.919 0.09
6 88 87.088 1.03
: R o 1.00 Usdiv

Hax(CT)  4.333330
Avg(C1)  2.1623W
Rus(C1) 2.68817V

9y 9
w LY s

v o

(Vs

v
o

M as dyapamuudunis 7 44 vinm

wep_Up® 1 V/div :10s/div)

?'E'Nﬂ’Jﬂﬂllﬁﬂ1’3301ﬂ"lﬁuﬁ$5$1j1ﬂﬂ1ﬂ1ﬂllﬂﬂlﬂﬂ-ﬂﬂ
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2010,10/01 13:20:03:f———in  Normal
YOKOGAWA ¢ T/ 10kS/s  18sAlie

Aavg(Cl 4.242630 Ras(C3 1.348%6A
Ras(C1) 4.24279% Freq(C3) 44.44444Hz
Ras(C2) 1.71862a Rns(C4)  4.53379a

Freq(C2) 44.2477%z Freq(C4) 43.85965Hz

y v o d ' 3 q’;l { 4
i a6 anuduiussznhadyauuuiud o fe 6 INATBIAIURUANIZDINALIAL

o &
swuwemeuvuila-ta uaznszue iwiwemes (Vs,, g, 1 V/div;

Iy 02200 Addiv; 15 40 2 2.00 Addiv s I 43:2.00 A/div :10s/div)

20101601 13:18:00= i
YOKOGAWA ¢

........................... . IkC Maird AN 3> -

IA_Ml‘;"
] ) Edge CHZ2 §
B M ;
IC__.AB ;;::
D -12.157%"0 “Fas(CH 1.
Ras(C1)  33.4755aV Freq(C3) 21.83406Hz
Ras(C2) 1.514184 Ras(C4) 2.593964

Freq(C2) 22.07506tz Freq(C4) 21.92802Hz

; v o d 1 Y t?ll P 4
3 a7 auduiussenhedyanauundui 6 8 0 nnniesniuguanzeimauaz

4 .
szeemAuuuida-Ua waznszud ihwemes (7, 21 V/div ;

ep_down*

IA_MI :2.00 A/div ;IB¥M2 :2.00 A/div IC_M3: 2.00 A/div  :10s/div)
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Measured Frequency (%)

No of Step

i v o d [ 3 4
E‘L“ﬁ .8 ﬂ'J']iJﬁiquﬁﬂJ?J\'iﬁiyﬂeﬂmLL‘U‘U‘UU‘l]'lﬂlﬂ%l@\iﬂ'J‘Uﬂilffﬂ'l')%'f)"lﬂ'lmmzﬁ31J1U'EJ'Iﬂ']ﬁLL‘]J‘1J

(1la-1A(ON-OFF Controller) anuduewmosia’la

2.3 1#uAdnluain (Auto)

yo 4 ° a d o [ a
msnaassiiiminaneuioasnaeumsiauvesdunesmes lulnunsa Tuid (AUTO)
Tasminaaes szdmualidunesinesinululuuanmsningunssuiweInId (Ventilation

° A Y v A a o o P ) o

Control) tazfivuam U 1M uMi0duUNes AT MuMTen 0.2 dImsuI99ININAaes

% = 4 [ e o Y Ay
uanenagiii 9.9 szneudae (1) nSesadradaa el Fluke 715 VoltmA Calibrator vniiiiisas
w3y 0-1 Vil lu 2) 29930529 Againgil (Temperature Sensor Circuit) 11 iinszue 420
mA 90N AZIIWHIU (3) Fluke 179 True RMS Multimeter tROUAAINANTZLUE 4-20 mA (A
' AR ¢ w a ¢ 7 4y ¢ Y
nonszuaiiinhlden 11 luvesanuquudnvesdunesines uennniiudruesaniuguudn
v @ LY a o 1) v o d 1 LY
gavnel 12 vbe lFnnsasiniagangd dimsunnuduiussenienssud 420 ma fu
guVQil 0-100 °C And1199sATI9TAgUNIIONTLUABONIN 4 mA  Wil9OUAAINAYDS
a 3 o J a 1
ounesmeivzuasmgungliiiu °c uazdriionszumnesnin 20 mA nihveuaAINavDs

4

a g 2
ﬂunﬂimﬂiﬂllﬂﬂﬂ!ﬂu 100 °C

TuneUMINARDY
1. ¢929IMINAaBugli 2.9

3 1 ya o < o ) wa 3 VoA ~
2. dsmvounesmeshaululnuasn uli@ (AUTO) uazdsmduqmua1519 2.2
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3. 9BUIAU 0-1 V 91NLAT04 Fluke 715 Volt/mA Calibrator 1015195 9.3
4. udinnsuue (1 20ma ) AUIATDY Fluke 179 True RMS Multimeter NiaAINa

w2 Y 1 w dy nd‘w Y d‘
5. UUNANANNUUIIDUTAINDAING) AU amﬂgumﬂ"lﬂ (Temperature Feedback) 2130

Q

(Frequency)

L

{ 4 S @
6. YunAwanudveInINduemesNia 14 (Measured Frequency)

a 4 L [V waay v o d 1 1 a =
i]1ﬂ‘vmamaunasmasiuiﬂnﬂaﬁiuumu %mmauwuﬁszmwmmmmﬂmgu (lefTemp)

o { I o @ ~
AUANUDNBIABTTIIATA (Measured Frequency) fauaaslugilfi a.10

o o O
O 0 0O
INVERTER
T1] G |12v SCOpe
Fluke 175
Volt/mA Flulfe 179
calibrator Multimeter i
D
M Temperature I I 4-20 mA
Sensor
Circuit

= A 1 @ wa a d 4
31]7] 9.9 ﬂ’]ﬁl"lfﬂilﬂ?)'Nﬂiﬂ'ﬁ‘ﬂﬂaf)quluTﬁﬂﬂﬂﬂiuuﬁﬂlﬂqgunﬂﬂﬁﬂi

4 v a o ya (s [4 [V va v Y
MINM A2 MWNmesnMvualisunesmes Inuasa lulialunisneassluiite a3

DiffTemp Setpoint Diff Speed | Speed Min | Set point | Measured
(°c) Temp (%) (%) Humidity | Humidity
(°c) (%) (%)
9 25 12 22 60 55




4 v o d a = < Jd
ﬂ1§1\1ﬁ N3 ANUAUNUTUDINISLE 4-20 mA PUVHU LATAIND (ANNLII) UDIUDINDIUMEN

a 4 o o @ wa
auneIweI 1L luInuadn luiia

Measured Frequency (%)

: v o d 1 a = I
Eﬂﬁ .10 ANUANNUIHOA YU QU (DiffTemp) Llﬁg-ﬂ'«]'lllﬂ‘il@ﬁn@lﬂﬂi‘ﬂﬁ]ﬂ‘lﬂ

Vre,,,p I, »oms | Feedback | Set point | Diff Temp | Set point | Measured
(mV) | (mA) Temp Temp (°C) Frequency | Frequency
0 o) (%) (%)
240 7.84 24 25 =] 22 22.52
250 8.00 25 25 0 22 22.52
260 8.16 26 25 1 30.7 30.9
270 8.32 27 25 2 39.3 40.0
280 8.48 28 25 3 48.0 48.28
290 8.64 29 25 4 6.7 57.20
300 8.80 30 25 5 65.3 65.90
310 8.96 31 25 6 74.0 74.80
320 9.12 352 25 7 82.7 83.20
330 9.28 33 25 8 913 91.8
340 9.44 34 25 9 100 100
120

4 5
DiffTemp (C)

vy
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1] a Aa A a J dal o
¥.1 ITANEMNVDIUAIDIDUNIDIUADINUUTUD

Y] o 0o w 4 a 4 et ° 4
Turideriimsmsnaassids Iiihmeduduiasdueenveuniedunemesfivaus iie
° a a Y [ ) o 4 d
auumlszanianveunses M5ABIMINARBIIAIAT LN 9.1 1nTesiiouazginyal

v

AmsuIalal

a o o o
L. @unﬂimﬂgﬂ'lﬁﬁﬂﬂ'JUﬂilﬁﬂTJzﬂ"lﬂ1ﬂl£ﬁ$5$ﬂ1ﬂ@1ﬂ1ﬂ

2. m30adnsErindaa 1 nih 8o CHAUVIN ARNOUX U C.A. 8835 16
3. Power Analyzer 81{0 YOKOGAWA 1 WT500 162
4. woimRINAAN 1.5 usesh 287
5. m01W VCT 9114 3x 1.0 msndiadmas 50 RS

o

{ 1 a a { a o da o a a
Wi ¥.2 sansmdiutvelszAninmunzanuivesdunesinesivinaue Uszdngam

@ s da 4 d o o o ' A A4 a 4 < o Ja
ﬂgllﬂﬁwuﬂ'lllﬂj']uﬂ NIULIBILADIVVUDADIWAAN NAIAD LUBDULIDIIADIVUNDINDTN

J o P = 3 a a a o =] 43 = a
UAMBDINAAUNANUD \Tﬁu ﬂﬁgﬁ‘ﬂﬁﬂ']wsﬂﬂﬁﬂunﬂﬁlﬂﬂiﬂQZQQGUUSWIU N340 30 % (15 Hz)

UG

UszAnSnwniiny 76 % uazina1ua 100 % (50 Hz) U52@nTnmming 96.71 %

L 50 m |
cB I 'l
L1 A
g, S [ ]
o o o
L2 B
Y amman 4 Q o000 3°
L3 S P Power & Quality motor
£ © n Analyzer
° —— YOKOGAWA
f INVERTER e
Power & Quality L
Analyser 3¢.
CHAUVIN ARNOUX Ind
C.A. 8835 motor

d' d' 1 A a a a o P o
g‘ll‘n ¥.1 ﬂ'15!‘]f'f)llf‘l'E]ﬂ1§1’lﬂaﬂQLWf‘J‘HTﬂﬁgﬁﬂﬁﬂ'l‘w"'ll?JQEJUL'J@ﬁLﬂ@iTIu'ILﬁuﬂ



169

v v
M3 1.1 usedu Wi nssuaTvith mnesimnme Suazsadaivtih NIMaA I azey

a ¢ 74 o A 2o =
DINVBVIDUNIDINDINUUTUD liJ’f]L‘]EEJ‘Ume‘IJﬂUﬂ'nMﬂ

e L e | L ow | PF, | PF, | P, o n
Pl w | m | e e &) | 6w | @)
30 220 210 1 224 | 043 | 024 | 025 | 0.19 |76.00
40 219 250 14 | 251 | 046 | 031 | 039 | 034 |87.17
50 218 283 2 28 | 049 | 039 | 059 | 054 |91.52
60 219 315 2.8 32 | 052 | 047 | 089 | 083 |9325
70 218 339 37 | 365 | 055 | 056 | 1.27 12 | 94.48
80 220 367 48 | 423 | 057 | 063 | 1.75 1.7 |97.14
90 220 392 62 | 479 | 059 | 069 | 233 | 227 |9742
100 220 411 77 | 545 | 062 | 076 | 3.04 | 294 |96.71

MINUNG Freq fio Al (%) uag 5 = (

Efficiency, (%)

§ v o o v a a A a d )
3 v2 anwduiussznhadse@ninmuezniudvesunesmesiitaue

110

P

out

/P,)x100 fAv Uszdnsnm (Efficiency)

100 -
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70 -
60 -
0 4
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a &l LYK ) A =
.1  wWanevauesungiinazaNuFuFANsIulsuSevlla

v k4
1 a v o da
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v ¢ Y o Mol a g
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E4 v v v
luTuh 3 woaSneu wa. 2553 Aaudinat 1:00 U §3 24:00 u uazginseinldlummaansly
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o 9 v A

A A
NIUDU WA

IN3RINIVANANIZOIMALALMI TR INALLTA-Ta (ON-OFF Controller)

ey

[

b4
25 maﬂemﬂqmmzmm‘fm

a o’o’/‘ @ o [ @ KR
3. ABUWARBIAY lasd s uTiufinwa

4. YAAAADTDETT RS 232

v
ad o =

{ 4§ = @ 9
Tugid @1 fenaneuausIvesgunginialdlulsuSoudadofivufuguugiidesnis

U
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a Y ]

< 1 a @ 1 a ~ 4
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U
v

' ¥ (1
24.6 s dMSUglh 9.2 uanawanisaouauesveIn N Iald 1y TsaSouTlaile
=~ L d 4 & = s o = cv 1
Weuiunwgundesmsniugu Fuflunadfufunaneuaussgangil msniaunives
4 & { 4 ' o
Al + 13 %RH vaziidinnuiuiidosnisniuguegii 60 %RH HansAoUALBIYDINS
vy 4
gaungiuazaNudul uaasliiiudanu ABMIAIVAUNITZLIYINALAZAIUAN TN
Y aa o q ¥ a v ' a 4 44
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oufuANABINIIAURY (Set point)
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“Design of Climate and Ventilation Controls in Closed
Livestock House Using Variable Speed Drive for Energy
Saving”, The 5" PSU-UNS International Conference on
Engineering and Technology (ICET-2011),May 2-3,2011,
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