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Development of Ventilation Control
System for Layer House
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SUMMARY

In this project, we propose a new type of ventilation control system for
layer houses which can effectively provide the breeding environment to
chickens. The proposed ventilation control system consists of two parts:
One is the inverter system which can control the speed of fans installed in
layer houses. The other is a sensor system and a control algorithm which
can sense the current internal status in the layer house and calculate the
optimal speed command for the inverter system based on the sensed data,
Especially, we adopt the fuzzy control scheme as a basic control algorithm
which can be effectively utilized in the control of un-modelled nonlinear
system. Furthermore, GUI(Graphic User Interface) monitoring systenm
programmed with Visual Basic can give easy manipulation to the users which
are unfamiliar to the computer system. To verify the effectiveness of the

proposed ventilation system, some experiments are carried out in the JOGONG

farm located in the vicinity of Kunsan,
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3t PSPICEE B¥ AlE@oldS 4¥sldct oluf UMY =W F7|g
HA 48 40702 dAsIg, ¥ R = 20[Q], L = 10[uH], SHYe] AF
27t 9143zt AMoiyAle]l ¢ = 45°9 90°Uwhol Thgshes AAAZ UPMA] o P Aof
A= M = 0,922} 0.69n}E vl st

O 2-6, 2-72 ztzbe] oigxziolA PSPICE AlBaloldg B3 2dAYx} A
o uy 9 o]lge 12y AMEYS Kl ok I3 2-6, 2-7o04 B
At ulsp ol E 4ol iz AloiyAlol uisl z3t HH-E(total
harmonic distortion)e] 29 M=0.6Y uwl FYL 62.2%04 21.9%x2 AFE
54.5%0l| A 3.21%2 JRAIE(QlD, M=0.92¢0 uf AL 23.9olM 1.05%2 AF+=
20.1%001 4 2.49%2 NAEASE & 4 dcrh ol THDY AR &3} & ohlzl
P 58 AEAEVY HEELI WY F U A3z 1zxvE HrIHL
AL AL £ Y2E RAFE AoF £ dFoA AU UPiMAo] A0l B
FIM A ARTo] YR Aol PAUAS MU © 4 Uk E H&2 I2Y 2-6,2-7
ol 2 o 4 g7 Bl th3 AAE H g3t

PF = [ 1/(1 + THD®)]"? % COS(DEG;)  --------------- (2)

A1(2)0ll &l3lo] AR A3} o-&(power factor)s] 79 & whalo] jtAo 4
o u}sled M=0.6% =i 0.610]4 0.9622 M=z, M=0.92¢ uwi 0.930]A
0.98622 ZAMEUSS ¢ F drh ol #ZAloI YA BS 87 el wje}
oge] Wt AUAAANE nf$ AStA H2H0.9300A 0.612 WHEE ¢
4 glon} B el He B2 AN d&e HHI obF 25(0.9860014
0.9602 H3l)g ¢ 4 ok
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(A3 AsE)

AT PO NORALTIED PSR FORIALILED
[ (E2) COMPONENY  COMPONENY  {18G) PEASE (DEG)
1 6.000B401  9.0R58+01  1.000K00 -9.026R¢00  0.000Be00
3 1.2008403  5.526%-01  6.1238-00  -1.02EN02  -5.336RN01
3 1000802  I.5S6EHHL 1LTAK-0L LIBAENOZ 1.8TBM2
4 2.400840%  S5.4488-01  6.0348-03  ~L.J4ERWZ  -1.0BTEMR
§° 3.000E02 11898401 LUTE0L LAMBME 12622
§ 36008400 S.304E01 5.888-03 -1.27BW2 -1.181BMR2
1 4200807 719578400 8.5968-02  E.911EHW1  5.014B%01
8 4.8008402  5.137B-01  5.692%-03 -1.39EEH2  -1.305Re02
3 54008402 4.4TE5W00 & 950K-02  -3.40Ee01  ~2.541B401
(A% 2¥EH]

EARRNIC FERDURNCY ORI NHILIE MY BORLIZED
] (@] CONXNEYY  CONPONBYY  {IWD) PEASE {1%01)
i 6.000B401  4.4158400  1.0005400 -1.923RK01  0.000B+00
H 1,2008402  2.7233-02  6.1688-03 L.4MR01 10408402
3 18002602 6.9728-01 1579801  LUIEHR 163402
&0 24008407 2.6%0B<02  6.092B-03  T.MER0)  5.869E401
§ 30008407 4743801 1076801 TO2RW0L  B.4TEDY
[ 36BN 2.6M8-0  5.HW0)  T.QEHL  RI5IEWL
1 4.2008402  2.539R-01  5.7508-02 -1.26IEe00  1.797Ee0L
8 4.B00B+0Z  2.569R-02  5.796B03  G.919EW01  B.MZEMOL
$ 5400407 9.067B-02  2.054B-02 -8.832Ri01  -6.859R+01

(a) $142 Aol (a = 45° duf)
a3 2-6. BeAlolslel Aojal w2 (WU EA V)
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DARONIC PFEEQUEICY PORIER FNOBOLISD)  FEASR IOREALYIZED
»n (12) CMPONEN?  ORCPONENT  (DBG) PHASE (D0}
1 6.000K+01  4.3698400  1.000X400 -9.612E¢00  0.00GE+00
] 1.2008402  1.500B-02  3.433B-03  6.470B¥01  9.431R¥01
3 1.8008402  7.047R02  1.613B-03  9.295B401  9.256R+01
& ¢ 2.400B402  1.466B-02  3.356X-03  8.021E401  8.9828¢01
H 3.0002402  5.406B-02 1.237B-02  5.596E401  6.55TEMOL
6 3.600E602  1.4353-02  ).284B-0)  7.638EH01  8.59%Bv1
7 42008402  ¢.3168-02  9.879B-03  J3.88Zm401  4.843B¥0)
8 4.8008+402  1.4092-03  3.225B-03  7.2028+01  8.244%401
9 5.400B¢02  3.5213-02  8.0608-03  2.667B+01  3.628B401

(A7 2HER)

BARNONIC PORDER  NORNALITED  PHASE NOENALLIXD
0 () CONCEEY  OONPORENT  (DEG) PEASE (DRG)
1 6.0008401  B.889E+01  1.000R400  1.4018-01  0.0008+00
H 1.2008403  7.7008-02  8.662B-04 -1.094E¢02 -1.096B¢02
3 1.8008402  7.23TH-01  8.1428-0)  1.718B402  1.7168402
4 - 2.400B402  5.3698-02  6.0412-04 -1.027RW02 -1,0288402
) 3.0008402  4.5498-01  5.4558-03  1.640E¢02  1.6388%02
6 3.6002403  7.00128-02  7.8B9E-04 & -8.729XN1  -8,743WHL
7 4.300B%02  2.8048-01 3.15€-03  1.642Be02  1.5403%02
8 ' 4.500B402: 9.021E-02  1.0158-03 -1.032B402 °-1.034B+02
9 . 5.4008402  1.2018-01  1.351B-03 -1.611B402 -1.612B402

. (b) UPWM Alo{®A] (M = 0.92¢ )
a7 2-6. AdAHol7Ie) Aol uld (HUYAMAX oV um))
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HARNONIC TORIEE NORALITED PSS SONGLIXED
n (12} COMQEENY  CRPONENT  (DEG) PEASE (DEO)
1 6.000R:01  5.7308401 10008400 -3.161K401  0,0008+00
3 12008903 5.5238-01  9.638-03  -L.02402 ~7.0768401
3 18002402 3.1908401  5.56ER-0L  S.04EH0  L2umiR
€0 24008412 S5.4R-01 9.438-03  -1.14BEW2  -8.314%401
5 3.0008+02  9.3458W00  1.7365-01  -8.3665401 -5.8058¢01
6 3.60CK102  5.3128-01  9.2703-03 -1.ITBN0Z  -5.55ZRW01
ki 42008402 1.0KER01  1.690E-01  S.910BW01 12072
8 4000802  5.L35-01  B.961F03 13902 -1.07SRe02
s 5.4008402  6.01ZR¢00  1.045E-0L  -8.7MSEH1  -5.5548401

(3F 2¥ER]

BAUNLC FORIES  MORALITED  PEANE MENALLIXD
| 4 (®) COMXEErT  COFORRYT  (DE0) S (DEG}
1 6.0008+01  9.0252+01  1.000B400 -9.0268+00  0.000B+00
2 12003402  5.5265-01  6.123%-03 -1.048402  -9.338R401
3 18000403 15568401 LTGRO  1.78ABW2  1.874e02
4 24000002 S.M63-01 6.034B-0)  -1.elH2 10T
$ - 3.00GB«2 1389801 13ITR-0L L.1MIBW2 1262842
6 3.6008402  S5.3M4E-01  5.683R-03  -1.2MMH0Z  ~1.181EM02
7 42008402 7.757E400  B.596R-02 4.911B501  5.814B01
8 40008402  5.1373-01  5.632B0) ~1.395BM02  -1.305B402
9 S400RM2 44700 L9EIB0R <3.40BH01  -R.54IN0L

(a) #1482 Aoy (a = 90° o)
3 2-7. AGAIZIL Ao uin (AYAEA] 57vd)
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£.0008401
1.2008+02
1.8008+02
1.4008402
30008402
3.6008+02
4.2008+02
480080402
5.4008402

W D OV O e S O e

3.0008+02

4.8008+02
5.4002+02

N ONAN et S e

5.7018+01
2.0818-02
4.928%-01

CONPONEN?

1.00GE+00
3.6158-0¢
8.5458-03
360804
1342808
3.6068-04
1.7338-01
3611804
4657503

10008000
1. 940803
2.0968-02
1.9398-03
2.0518-02
193203
7.9618-03

PEASE
(ea)

1,1308-01
-8.9788401
~1. 777402
-8.3808401
~1.387R¢0L
-8.9873:01

16580402
~9.0088401

1.5428402

NOSMALIXED
PEASE (DEO)

0.0008+00
-3.3%08401
~1. 7788402
~8,9518401
~1,3958+Q1
~8.9988+01
1.66TR+02
~9.0198+01
1.5418402

FORMALIERD
PHASE (DRG)

0.000R+60
9. 5428401
1.0288+02
9.5438401
7.9558401
9.5470401
4.674R0)
9.9328401

1.962-03
1015002

S.2368401

AAIA Aoy w2
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A AR 57V off)
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Y 298 UPM ZEmme LAY S8 B st ZD(Zero
Crossing Detector)¥]2ojl4 u} W27 nith 7HeElS o 7HeEl RES preset
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a7 2-132 ]34 Multifan Controller AEW-DE] ApRlo]i, 132-14= 2
Aol AHZ UPMAlo] Y B7lAo] Al2R1e] Al Aldolth. ol YA
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Table.3-1 The harmonic and THD for P=5, MI=0.6

SPWM UPWM
SLZ R}

1 1.000E+00 1.000E+00

3 2.118E-03 3.614E-01

5 8.424E-03 2.652E-01

7 1.194E-01 2.832E-01

9 6.201E-01 5.885E-01
11 6.190E-01 4.258E-01
13 1.236E-01 1.009E-01
15 6.250E-02 3.686E-02
17 2.235E-01 5.627E-03
19 1.826E-02 1.191E-01
21 2.029E-02 1.851E-01
23 2.550E-01 8.014E-02
25 1.747E-01 6.614E-02
27 8.476E-02 7.255E-02
29 1.188E-01 1.345E-01
31 9.525E-02 7.385E-02

THD 102 [%] 72 (%)

PF 70.4(%] 71.7[%]
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Table. 3-2 The harmonnic and THD P=20, MI=0.6

SPWM UPWM
DEIA}F

i 1.OOOE+00 1.000E+00
3 2.359E-03 3.348E-01
5 7.978E-03 2.026E-01
7 5.567E-03 1.466E-01
9 1.694E-03 1.159E-01
11 1.768E-03 9.666E-01
13 5.962E-03 7.878E-02
15 8.036E-03 7.807E-02
17 3.512E-03 7.134E-02
19 7.504E-03 6.712E-02
21 3.350E-03 6.456E-02
23 1.721E-Q2 6.334E-02
25 4.342E-03 6.290E-02
27 5.772E-03 8.002E-02
29 8.723E~-03 7.353E-02
31 4.368E-03 8.096E-02

THD 89 [%] 92 [%]

PF 71.3[%] 73.4[%]
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Table.3-3 The harmonic and THD of P=5, IM=0.8

SPWM 713 UPWM 71§
SRt e

1 1.000E+00 1.000E+00

3 1.462E-03 3.520E-01

5 1.395E-02 2.355E-01

7 1.710E-01 2.133E-01

9 3.962E-01 3.437E-01
11 3.980E-01 1.352E-01
13 1.966E-01 1.512E-02
15 1.192E-01 4.639E-02
17 1.449E-01 7.959E-02
19 1.372E-01 2.102E-01
21 1.063E-01 1.627E-01
23 2.200E-01 3.347E-02
25 1.803E-01 2.901E-03
27 5.368E-02 2.626E-02
29 1.318E-02 1.161E-01
31 9.672E-02 1.305E-01
THD 74.43[%] 69.69(%
PF 80.22[%¢] 82.20[%]
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Table.3-4 The harmonic and THD of P=20, MI=0.8

SPWM 714 UPWM 7]
g B N

1 1.000E+00 1.000E+00

3 2.816E-03 3.365E-01

5 2.543E-03 2.003E-01

7 3.768E-03 1.461E-01

9 5.807E-03 1.133E-01
11 1.098E-02 9.250E-02
13 4.496E-03 7.950E-02
15 6.982E-03 8.040E-02
17 4.156E-03 6.59E-02
19 9.924E-03 6.335E-02
21 2.151E-03 5.694E-02
23 3.410E-03 5.694E-02
25 2.008E-03 5.060E-02
27 4.026E-03 5.714E-02
29 6.852E-03 5.701E-02
31 9.145E-03 5.975E-02
THD 61.04[%) 61.14(%)
PF 85.36[%] 86.32[%]
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