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A System Operating Algorithm for the Effective Operation of
a Multi-type Air-conditioning System
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ABSTRACT: A system operating algorithm was developed for the effective operation of a
multi-type air-conditioning system. The system operating algorithm includes control algorithms
for a safety mode, an initial operating mode, a stabilization mode, a fault diagnosis mode, an
efficlency mode, and a tracking mode. Various tests were performed to show the effectiveness
of these algorithms. Tests showed good results for the operation of a multi-type air-condi-
tioning system. Therefore, these algorithms developed for this study may be used for the ef-
fective control of a multi-type air-conditioning system.
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Fig. 1 Multi-type air-conditioning system.

Table 1 Specification of a multi-type air-conditioning system

Component Specification
Compressor Inverter driven scroll type 15.2 kV&Bf (90 Hz)
Outdoor unit Fan Inverter driven axial type (60 m/min)
Coil % 9.52 mm x 2-row x 34-tube
Fan A C D 3 Step turbo type (9 m;/min)
Ind " B 3 Step turbo type (6 m /min)
n
oor amts Coil 06.4 mm x 2-row x l4-tube
EEV 480 pulse




Wl AWdRr), AN, AAAPes So
2 B4 Qo Aere ghEl, A7,
S, Adaay), AN T8 FHH
Ax, uE Wul7taE AYE o B & 9
£E Syjauloluj A By} MR o)

e g FzA L] APL 179 HBAZ
Ayue 408 AgBARAANE FHE F4
FAzAAH YoM Fa5A0” A9agzy
Aol AE 38 AZTEY FE7)7 AL 15
HP %9 WE7] 3ge 7kW A7|3H, 309

6kW HA=F84 F7EFY 7EE7I7F AMEEHY A
TL&E —10~42+03C, 7% 1~33202C9
AL ol AH T, AWEA A AA
= 5HP £39 fz}—%%%l 7kW =713 H, 6
kW AZF84 Z71858 715717k AHEEle A
T2E 15~35+03C, § 725 5~31:02Tef A
WA o] 2AHUT.

HE| g T2 2dd BAAAZAENE

A

e e
i A8E 7

A} o] 3}
a2 ZF dolelg =& A
8te] Fig. 29 #& diolg #£3 2 AojA 2o
ALEE G PC #18 B3l ZE|FAAHY &%,
8, 2xdg, JWalfFooleet Ay W I
o] 2%, FxdolHrl FAHAT AHY Ao}t
FYHAoH, PC #28 F3lo HEFA 289 2

PC #1

GPIB card | GPIB card I l PCI card ]
[DAS dcvice] ! DAS device l

[ ] [Z555 ]

1

Dynamic environment
chambers

Muiti-type air-conditioning
system

A/1, A/O, D/O

: EEV driver
device

PC #2
5 .
L R

e e

Fig. 2 Data acquisition and control system.

T gEdole e AN AxHRUR FEY)
g7t zufoldi~diH o] Aoy} FAFHAL 2EE
& 98] —273~400C, +0.09T 2 Z*Q_LL%_ ZE
T SAd 9 ¢EEHEE 218 0~500psi, +0.65
psi®] HEE=E 71Xz glon ¢gws oal
4~20mA¢ tiREgle] EE s dHAAY &
2AEEAEE A3 3 A auHEEH) s}
58 +002kWe AIRE Ze dHES5A7Y
Bl FEAH LS 98] 0~12kg/min, +0.06 kg/min
o AL E X3 low FFWste w4~
T THAN A

20mA2 HAEgte] &4
Lhas §

Initial operation
mode
Stabilization
mode
Fault diagnosis
mode
Efficiency mode
Tracking mode

No

Tracking
condition ?

No
Unit controtler
operation

No

Fig. 3 System operating algorithm for a multi-
type air-conditioning system.



590 drg -

31 AAHRHAIEEF

HEl Y F A 2 Ao eddaugse A
A& E7}F Fig. 391 vrelt gleh 2ol

o] Axge] AEE F A2H

AHARE=E A|2ge] ojFol gl& A HAeH
= REZ QAL Y8 A2Rg UA FAAZ
F Aage FHde Z=g Uit A2¥

ko] 2471 o
HE71E A4 X*Zlf\l%l
g}A]?ﬂOtr] 71-& Hz;:%o] _—17_1&-

o] FeHW MR o
Bo] A F qFHr9 FagF
Nzde A7LE AT

27| SAREE N2" 7T F A Aol E
FA48 Y72 ARHE ZEgd Alage gt
3 Aol atolrt 771 o3t B HAEgHo A
PR B E 1704 0E B %}’:-;7]%_— 45Hz
2 AFgse gddtach Azde gz A
o] Foizt 771 ol elEA Aol 771t o3
o]z mgtoe} 1371¢t o) Aol ZVIFAHAREE F
a3gth

o]»;dg}g = }\]/REﬂo] ;HM- A}.o]%% 33014
ga4e g/t ue o A5aE Le2y
FEIN AN FH AARRER A]O% gza%—

E_zé i 3¢ Bt
40Hz2 AT *

°]

2 AgsE Aa 4Evle FAeg 24 i
A7) T AP PRE ] NEE FA Z7 ]' AA A
298 AIAI e REE oudir} AJxEHA

gte] 1.2~2071gelAY Alxemsto] 22~2471%
ol AlAwe] ¢hAAHY WG AW GHFEE
7t AEHUes GAHIRE= AR F 10&27F F

SEE ¢ASRert FEHATH Zé:é}itoﬂfﬂ
Ao ¢437] Fa47t 40Hz olsleld 30HzE
zA59 1, 40Hz9 60Hz Atoldl oW 10%E
A AZ on 60Hze 70Hz Alelel o™ 14%
2AEANA RSP =8 ZF AUy WA
#Ax ol W AEFo] 802 ojstolH 10=H
A ZANAL, 802 o) old 52¢H FTHA

o¥$ m\m
ﬂ.

aFAGr == e Tz $E70 9
F97]e9, ¢ duyd, Qa2 edd §
vl 7kx RREaAE agddnEFE AEst
of AAtom AWz FEngol uste A
3 UiAste REE udn, Alado] ¢AH
oz 108 oA £AHE Asd wsto AT
gaEFel HEgHo ¥EI1Y FFVF BUHIA
o EERY F 53 $FedeE " A
5 Al = %}° 2071t olst2 HA A7) A3

A E AR
o JJJ%J?} ’\Ur 102 AAsd AN
=g FR3AT
agsrse AAge] oz g o
&7 FH4s F2AT|Z AZFFPR ] A
58 F/HIA Al2de 288 FANIe RE
g 9ujgtt, AMAEAR =S FAHLESS Ao
Q Avexexte HF 227t 05T o3t
Az Agre] 2~771¢belBA Al &F51qke] 13~

Aol A&IHEE7 Adso 4F7]

72X 717] A8 §F7) AeF)

vit} &7 Fo4E 2HzY ZaAA 2313

] «1?} Yol FEAFE FAA

% Aol F vt W o] A

94 —02C ol%% 9o 1294, ~02C o]
81y A$o 2294 ZytA A FHSAY

_;}_ ] ]-z%z—}og Ozﬁguﬂzk}

Sxto] o8 HdAE APHEALEE FFIAEE

Al 2de Aojstes TEE 9n gt A eto] 2~

771l WA agte] 13~227142 A$ FFEE

7} Adse] &AL S s ¢F7)

7h, ARgPEpAdoigne] S s AxWLL

By} Ao = AT

Fig. 4ol &= AMEE nZFeduneEFE BAF
(10} <
o HEYIZERAadY $57I2d, FE7IL
Deviation RBF
Real Fault
Inputs or > Neural B N
System Residual Network Detection
System
Model

Fig. 4 Fault detection algorithm.



9, E7IMEEd WuBR R gE 2
2nge A48 g%l $F2E, 397 9
FeE, 457 97 279 LE9 ¢¥e 9
sz Ageger nFNUIEes BB
°|§3 RBF U74%& AH8stdch 43¢ $9
Agewst Adesd] Be YPWrEe Fu
3 uelne £8d BlS FH F, oF Mg
st ARE Adstded, 24E Yoz @
o 6x23x4 T3¢ durste RBF WESAE A
#3519 13% WU

33 E7(Mo gz S &Kl & 2 A of

2ozl E

FEIAALDEEL Fig 53 go] ¢E7¢
YaRgneZ GG ALR LGS, 4
NFRFEALLYEOR FAH o X
2xe Agsgn Agewd Ays LA
+g d¥oz Agdd A/ ARGTYE
of o8 AdAYHS ALY, AHLES A
ex PF o8 JPow Akt ¢2r¢d
AL Zo] oo AHALHLS AP L
H, A4A¢HA dex HAE 2348 dFHe
2 Agdd FErFEReAggndZol o8 &

T AR
23¢ A8
dxedE YF
e 28

H4E, SEeaa,

8
Fig. 9% <"+&

0E~

]
Fig. 7%H Fig. 1277}1]5
X1

591

J_Elzoi

Fad g,

3’4 2HA a, Flg. 10&

[> o

e (o

o)

T mea.i

v

P mea
Outdoor
temperature{7o) _ [ com, o) -
> pressor [ o ompressor Compressor
pressure el | pressure Proset Pol Threquency |70 | Multi-system ol Zonei
Indoor units (A)_| setpoint " | setpoint reset Py setpoint > Y '
——»| aigorithm algorithm algorithm Qi
A
Indoor temperature Te
setpoint (7ser, /) +
Fig. 5 Compressor control algorithm.
Tset,i + Indoor STeevit _ Tmea,i
temperature Indoor unit o
_ control algorithm +

Superheat
control
algorithm

Fig. 6 Electronic expansion

valve control algorithm.



592 L

Zwy 9l Fig. 112 #ILE, Fig. 125 Al2H
& velditl, Fig. 89 Al2® LAREA

B, 12 271$H"ERE, 28 AR

, 48 Rg3tR=, 72 1D

o

rlo
fo o M

2

of
ta -
in

_7;-_
CIRsR 3=

B4, C4, DA AWax=rt 29, 32, 30,
z7l*&£ﬂoﬂ*ﬁ 2.10, 1.68, 2.10, 2.10kW<

%ﬂlﬂ

(<}
r$‘:

A
31T

(o nx m{m

Temperature (T)

20

0 20 40 80 80 100 120 140
Time (min)

Fig. 7 Indoor temperature.

80 - 710
70 [u-u———— 8
8
60 g
: 7
50 —Hz |
¥ . : Modefi 6 §
‘240 § E
s
[ 3 @
20
- - 2
10 N
0 - . 4]
0 20 a0 60 80 100 120 140

Time( min )

Fig. 8 Compressor frequency and system oper-

ating mode.
8 - - R —3 8
+ Mass ﬂow rate
7 — Power 7
[} 8

& o

w
Power (kw} .

Flow rate (ko/min)
~n w
~

Time (min)

Fig. 9 Refrigerant flow rate and power con-
sumption.

2 &

R

500 -

o
8

Opening (Step)
2
o

8

38

Temperature {C)
- n nNoWw
< w

[T}

o

49e aga}am 48 z27lde 2

AT 3027 Ad F FFREZ A
Ao dyexst 43 2% 28T 9 +05C o
WollA Aolsldy agstncz AgEAUD

AEAF 187 F 74 Ao R3E ANREA
BEET BT 95% F7ME 42, 294, 4.2,

Time {min)

. 10 Electronic expansion valve opening.

E I

20

@

Pressure (atm)
s

@

Time (min)

Fig. 11 Superheat temperature.

e

LImlow

0 20 40 60 80 100

Time (min}

Fig. 12 System pressure.

120

140



g 7 A0 FEHAA 0% 5
3¢ FasArh A4, B4, CHY A
ngstel o8 Anews}
Fas F7hsh AR
@ Wulhge Fv 9
Ae & & AU 2
$ 479 Au FAss Hy
3C olgog Aejst W HAM 89
BUne ARAEYlE BTHL F5E
A Rl ARLEA 45FE L F 9
am ALYEEE AUEE dedA} Bez
Qsh FFREs Adsc

NEAS 3E F 4 A9 ¥aE ZRHA
e A AL 100%, BAL 75% F7HA
A1, CH, D2 47 70% HAAA 420, 294,
063, 063kW9] F3t& 2zt doff FF3dA 248
gk RERsAYe FAstAch ol AW
eE: 2T WARAG YWeEs 2T ¥
oA F AYHYT WA P FaE EF
7 FRerh gasRen Fask Hopn cAn
DA AABFYBI} FAS 2 o2 U8 C
A% DAY RAET FAF 45 AL T F
Atk

AGAF 628 F 7 Ao} Bag A4
g At Ad, C4, DX = 40%, BEAS
60%E ZAAIA 1.26, 0.84, 1.26, 1.26 kW<| #3}
2 A4, B, C4, DAl FFAAM 0% 5
A9sa8e UG QWS gadl e
ANag 28 97 87 98l 6427 6920
FRFHEEsL dese] ZAYHY Bl 5]
AolF7] 10029 3] e e 102 Fr2

14 S = 515
! ' — System mode
12 13
* FDD mode

11

o o o

oy dr Hz

=
b
Sy

S S A | SR T T
it
ol
flo
b

of L £ &

_l

e

{9

! .
| I
| |

FDD mode

System mode .
o

4 - : 5
- - e e i

N 1,
{

2 e — I
————— » ®  eee—

[} -

0 10 20 30 40 50 60
Time (min)

Fig. 13 System operating mode and FDD mode.

$He 99 AagedgnyE 593

UE71E Aojste] Al2dE dHHAZ AL B
T Ao wmE, ARIA 4FV) FaF gaE
avpHge] FAHYD HAHIEE, FFRE,
&3yl vEE e o4 £ Ak

AP A & 82%3— F 252, 420, 252, 252kWe]
H32 A, B4, CH, DA FFsdA gdaw
zAEges *Eﬂo}%{c} FE7] FHFLE F1A7]
WA ARl 2 88R ] 25029, 888 40x%
o 200x¥ez BN ZAAZ A3 A
2QBEV FZEDA AAJEEZ HEHH
A ¢E7] FH4E FA4%] FAANFED A
Wuo NEFgE F/HANACH R28FH 938 o
Z7] #3948 $22%3t9 30HzolM 45, 55Hz
2 A AdsAzov dAHEEs AR EA
&7 FHA57t 4H5HzE FAHJon 94 #
054 Fo4E Z+zh 60, 70HzZ ETA A%
ANBAA B kAR st ZEEHo] 968 o] 50 HzE
a9 2o 34 =218 ATzl A8
@7 FoFE 97E 60HzE ©A F7HAZ
3, CAT DAY AXNBZYEE FH3| 2o
o 1 Ay 2w o]l FAHI dold AR
=7} AeEoe] g8Ee]l #EV7F AXHYW &
%719 ARz g8 AW =7 482 BF 32T
olAel meeg ALHJOY, JUR=A A
AW = 1302802 2raEgn, At
¢ gHFHo] olFoHES & F ANk
o]-z-]c:t:‘— 387 1}55]9\1 x—]x].ngil-\g_\g_g]. %}
Z7)1¢] %7187 o] FoH F ZIVFAREE 1
¥l %Xls}aiowi 10289 4=717F 40Hz2 7}
9 ¥ £FReE gAHE S ¢ & AN
o} BAY H$ 2 Ao vls AdURsr} 2ol

)l

by

o)

30 oo - e e I
~~ Low Pressure

— High Pressure
|~ HIGValve

20 W\M—

- I
3 o

&
=
Position (On/Off) .

Prossure (atm)

@

s W
[ 10 20 kKl 40 50 60
Time {min)

Fig. 14 System pressure and hot gas bypass
valve position.



Agsel A4, CH, DY 2
2 Alosigon BYE A%
i gRod ST L AT

(‘5’,_-4},.

3
-+
o
w

%E 195+02 CE Trx]s} P
RGAE S FP}aT AE =
2 AT Al E 198 &2
& 45% gt $&71 g4
AR thA 408 FRFYER —%d
o 1 A¥FAE Fig. 133 Fig. 149] Jeh
Fig. 130l Mg Alz2dwc=o s34

nAGAR7 09 BE F1A,
AE 257189, 29 AE FEred, 3¢
GEH7IEBEFY, 49 A Yl EREERY, 5¢

e
PU
r “T
i = ob ¥
ot 32 e By
Hlo g x o K

o 2

Lo
5]
0_>|4_‘
S
By
12
o
i)
Il

il

o3 EH7IednFe] JgH TPIIGRER
HEHAen ojmf Al2" n¢E 207 o=
FA87] Aoty Srtaupolsj 2B H 7L A o) 5 %Y
ok A EAA 408 F Tl Alad ¢
dol FA4Y Wz uZ3IGEAT} ta EGA
Pgouh Alxgle FERRER AAFHA AH
At

D Axde T, A, AMEE BT 0%
% AR HE

Hol SHIAYD Y571k AABFREIF €
oz Aoggon dyewst agHoz
B8 FA =R

(3) RBF A3 %&
Agstel AAZT $57109 1FUE

)

0] 83 nFIGLRAFE

g ANg

ol

A3k £%7) ol AAs AVHAD srav)
osjagEd s Azwe] d@HoT Ao
A,

webd, B AN Aud Asdedguns
2% 7243 ¢ndEse dHIFERALYY &
DI CECE

Aol gargn

il

ddHo® AR £ 9l

7|

oh

2 A9 20069 E IRz wul dFe
Adez FRHRen AN dHEA FAS
Bu.

Hazd

1. Jun, Y.H., Kim, D.H., Heo, S.H,, Kwon, Y.
C., Moon, J.M. and Hong, J.T. 2003, Ex-
perimental study on performance evaluation
of system air-conditioner using compressor
of PWM or inverter method(cooling and
heating characteristics), SAREK, Vol. 15, No.
9, pp. 738-743.

2. Choi, J.M. and Kim, Y.C., 2003, The per-
formance of a heat pump with a variation
of expansion valve at various charging con-
ditions, SAREK, Vol. 15, No. &, pp. 661-666.

3. Han, D. and Kwon, H.J., 2000, Compressor
speed control of the multi-type air condi-
tioning system by using a fuzzy algorithm,
Proceeding of the SAREK, pp. 1348-1352.

4. Choi, J.M,, Kim, Y.C. and Ha, ]J.H, 2001,
Experimental study on superheat control of
a variable speed heat pump, SAREK, Vol
13, No. 4, pp. 233-241.

5. Jung, D.S. Kim, M., Kim, M.S. and Lee,
W.Y. 2000, Capacity modulation of a multi-
type heat pump system using PID control,
SAREK, Vol. 12, No.5, pp. 466-475.



EELEEV P ER EET

6. Masuda, M., Wakahara, K. and Matsuki, 1991,

Development of a multi-system air condi-
tioner for residential use, ASHRAE Trans.,
Vol. 97, Pt. 1, pp. 127-131. i

7. Han, D. and Lee, S.W. 2003, The EEV
control of the multi-type air-conditioning
system by using a fuzzy logic superheat
temperature setpoint reset algorithm, SAREK,
Vol. 15, No. 5, pp. 381-387.

. Kim, S.Y. and Kim, M.S., 2001, Capacity
modulation of a multi-heat pump system
using PID control with fuzzy logic, SAREK,
Vol. 13, No. 9, pp. 810-817.

sHe AW 2L

L4

595

9. Han, D. and Kim, K.H,, 1998, Design and

control of dynamic environmental chamber,
Proceedings of the SAREK, pp. 656-661.

10.Han, D. and Ryoo, B.J., 2004, Fault de-

tection and diagnosis of the air-conditioning
system by using mathematical models and
RBF neural networks, Proceedings of the
SAREK, pp. 475-480.

11.Han, D. and Park, K.J., 2004, The inte-

grated control algorithm for effective opera-
tions of a multi-type air-conditioning sys-
tem, Proceeding of the SAREK, pp.457-463.



