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Robust control in State Space for Vapor Compression
Refrigeration System

Hong Ki-Hak

Department of Refrigeration and Air-conditioning Engineering
Graduate School, Pukyong National University

Abstract

Recently, compressor variable speed(CVS) system has been used for
precise control of vapor compression refrigeration system. This system is
Multi-Input Multi-Output(MIMO) system that control target temperature and
superheat at the same time. And a merit of the system are to save the
energy but a demerit is” hard to install the system equipments. Various
control methods are studied for design the MiMo control system such as
PID control based ‘on transfer function, fuzzy control, fuzzy PID " control,
optimal control based on, the state space model and so on. Demerits in PID
controller is that control at that time of target! temperature and superheat is
hard.

Many researchers was ' trying to improve the interference effect between
target temperature ' and superheat. .4 control variable at least should be
considered for control of fan motor in condenser and evaporator. Therefore,
Application of optimal controller based on the state space.model is desirable
for MIMO controller design.~Dynamic modeling “is-needed for design the
optimal controller.

This paper deals with practical low order linear modeling and LQG
controller design in state space for optimum control with robustness of
vapor compression refrigeration system. At first, a low order linear model
which is suitable for controller design was derived from partial differential
equations of heat exchangers by considering dominant state variables for
output variables and applying some assumptions. Next, LQG controller with

state observer using Kalman filter is designed to obtain the system



robustness against input noises. Computer simulations are conducted to prove
the wvalidity of the proposed controller with simplified practical model.
Simulation results show that the proposed controller can achieve fairly good

robustness against input noises.
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Table 3.1 Elements of Z and F matrix based on a condenser model
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E
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ghel FRreNM REE AN he gk
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Table 3.2 Elements of Z matrix based on an evaporator model

21 =pf(hf—hg)(1—’y)A
[ d(phy)  dp, ) (d(pghg) dp; ) ]
22 = (T‘Eha S T R
221 :p2(hg_h2)A
[ op2 1 0p, dh, Py dh,
T (ﬁ*? o, ap | Y gp AL
[1 ap, Pa
Z93 = 53—h2(h2_hq)+7]AL2
zg = [(p,— p2) + ;= p,)(1—7) | A
[ op2 1 0p, dh, (dpf dp, )
2 = (ﬁ Siongiap |2 @Y e A
1 9py
Z“_Ea—hQALZ
z 44 = m'u'cpyu'
Ty~ Ty
251 = m'u'cpyu' LQ
Z 55 = m'u'cpyu'
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A4F LQG Alo]7] AA

41 LQR A|o}7] 47

LQG Aol LQR AlelAlel] Zwbde] 2§ Jej53717h 434
gejo|t} Fig. 412> LQG AloiAle] EEMTE =

A% gk FF(set point tracking) F-w¥ EFO
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A47% LQG Alo7] A A

LQG AloAE ZWkZE Ao kA LQR AlojAL] AA 7 A8y o
of gt} E =Fo A AFE3 LQR AlojAl AAHOE Takeda®7} #|<tst
HZA ZHAE AR AoA AAHS AHE-SH

A= 7Iwshs B2 4 @), @9 2o

x(t) = Az(t)+ Bu(t)+ Dd(t) (41)

y(t) = C(t) (42)

AR Ao A DA HA
O AMRAZF AL 4 skt

@ 284 &/ dt)=d7F AL doE S8 wit)7 2843 E

S

1% rlt)=rel §3HA Slo] FFT.

® delulel A, Be) vx3 Wi AR 24 @71 49,
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+ f 1 + U ] X + ¥+
(O - K, »Q——» i=Ax+Bu ¥ C —>
S —
Kalman Filter

LQR

Fig. 4.2 Block diagram of LQG control system with kalman. filter.
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(observable)o] ekl ol gt 7hAFA S 312 A (60), (61)F T Al

AHo] A (81 2 7tASHE U 9 Al (rank)7t nd wo]Th



A47% LQG Alo7] A A

U,=[CT ATCT (ATRCT « « « (AT 107] < (nxn) (81)

B o=Rod LEy rmde Au=dge U =[cT ATcT] : (2x4)9}

AT,

_41_



A5 Al EHold T2 g3 g Al 5ol vy

A5 AlEHolA

|

2339 9 AEdold ¥y
51 AlEHOIH T2

Fig. 5.1 H3FH AlEHIAS 93] Matlab®] Simulinks ©] 83l 23
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Fig. 5.1 Simulink block diagram for-simulation on-designed LQG controller.

9l H(noise)ell et A EZolHE S8 R §j¥ FEd FH R
of Z+zt W, Ve ZEE ZEE random noiseE AR QA7FstiTh W)
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A5 Al EHold T2 g3 g Al 5ol vy

Fagom A% W, v ade 4 (2, 83)3 2k

1.46 <10 ° 0
P— 2
w [ 0 1.46><10_9} (82)
~ [0.000625 0
V= [ 0 0.0025} (83)

Table 5.1 Specifications of the test unit

Component Note

Compressor | Rotary type, 0.75[kW]
Condenser Air-cooled fin and tube-type
Evaporator Bare tube type

Refrigerant R-22

Table 5.2 / Simulation conditions

[tem Note
Oil flow rate 22.5[1/min]
Ambient air temperature | 28[C]
Sampling time 1[sec]
Target. temperature 25[C]
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Fig. 6.17 Simulation results using optimal PI controller.
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fm:JL%QKWQUUmM]WP)“m%+@@«aﬁ@”“np_

1
dP,

1

dh
f31 - EC"UA'“(P(«'ipe)il/Z(hg _h(:) + C"I;A'U(Pcipe)l/Z—g

fa :M(

o =fa=fn=0

dh,
B 5 q’A'“ (P( - Pe)il/th - C”UA’U (P( 7Pe )I/Z—f

c

] Gy — -c/c, 1
/G, (P) (R =2

€ 9 vt

dP,

c

hi—h,)—(S,—5,((P/B) " ~1))

Pcipe)il/Z(hg_hn)

0,
3}{ = [O,O,—C’,I}A,U(ngpe)l/{()’()’ao T
0 0
0 0
0 0
0 0
3T: i 0371’1111 Yol %o 03Tw2
" - 0T, W JOTR
¥ 031';“1 ¥ 06Tw2 o
- oT, " B
Oéo aaq-v“l O[o 0—6Tw2

Hlde] 12k ZARol-Sall FellAi= Eas A (A 3-8 2ol 919 W

A2 1 S TehE A (A 3-9), (A 3-10)3 Zrh

0|
I

u

i
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dh,
dP,

c

(A 3-6)

(A 3-7)

——

(A 3-8)



%(stfst((pe/pe)“/“'—n)(h,;—hg)r
%p(st —5,((P/P) S~ 1),
af 0
of _ (A 3-9)
oF %(st—st((Pg/Pe)“’/“'—l))
0
0
0
0
—C,(P.—P)'"n,
3f C"l;(P(;iPe)l/Z(h!}_h“)
8—141: _C’I(Pripe)l/Z (A 3_10)
0
0
0

v g 4 s eE7IoAe e AR ofde 37}
2 7ME& TS

D he 007

@ T, =T, X C

@ m=m,, m=m,

e 12 ZAPHO g FEliAle e A(A 3-1D)F 2 o714

flzu)E 2 (33)8] $HTOE 37HA 7Hd & 283k 2 (A 3-12)9 Zth
po_|0f of of of _of

© oLy oP," oh," 8T, 0T,

w!

(A 3-11)
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f(Ivu): m.—m

CA,(P—P)?

=L (5,5, ((R/P) -1

(h7 _hg)

—-5,((P/P,)

1"“ 1)
1_711,2)

GJ/GC,

)(hy—h,)

—1))

(A

3-12)

A (A DRl 7 59 WEE AR UeiA MEES A5 AFE A
S #HshE 2 (A 3-13)~(A 3-16)0S T 5 aUth
. L | | A13-13
3L O O O OéoAa 3L OAU(?—LI ( - )
1 1
s B dh,,
QCUA,U(PC R - N, ) ° dP‘

2pF /6y o N~ (O _ dh
of. %{(q/c,,)st(Pc)“/“'(Pe) (C'/C‘H>(hg—he)+(stSt((PC/Pe)q/q’;l))d—P’:}

aP_ 1

e -0 nIR) TR g yc s o AP/ 6
0
0
(A 3-14)
0
of (5,—S,((P/B)Y“~1))
=P (A 3-15)
oh, 0
0
0
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0 0
0 0
0 0
of aT, oT,
_ . . (A 3-16
0 Turi, aOAO 9 Tju:l aOAO aOAO g Tjur? )
A 9 Ta A 8T(l A
aU 081_'“1 aU 081-'112 7 0,

el 12 AP s} FaAAE B A (A 3173 2, 99 3

1>

= 71 3 e A (A 3-18), (A 3-19)9F #ut

0
r- |4 2 (A 3-17)
0
opf PEE (5 5,((p/R)HE 1))
e » (A 3-18)
0
0

v Ve e i q
& L (A 3-19)
04, ¢, (P PR

0

0
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500kPa, A% 10C, JY=E 5CE 7HHeg 1, 7Hg 3k

AHe AFV] Ak gRE AR W yYr= IA ¥ AnzHE
A7kt
Table A4-1 Specific parameter value for a condenser
Symbol Note Value

hy A Bt 7L 2 ) 428.9[kJ/ kg
h, y3157] Ay 416.3[kJ/ kgl
hy 3} 7)) ol ey 248.5[kJ/ kg
h; AT Qe 441 .5[kJ/ kg|
h, el 241.9[kJ/ k]
A, A 0.73 [m’]
P, ol 1500[kPa)
v BEESE 07

P L MO 59.6[kg/m’]
Py ¥3=7) U= 61.3[kg/m?)
ps ZojolA Uw 1135.7[kg/m’]
p; AT+ U= 248.5kg/m?]
Py =T 1k 1135.7[kg/m’]
L, W F3F Aol 4.1[m]
I, $% T3 Aol 27.5[m]
Ly g F3F Aol 1.1[m]

- 101 -



Table A4-2 Specific parameter value for an evaporator
Symbol Note Value
h #d T3 Ay 408.9[k.J/ kg]
h, EEE7) ey 405.2 [kJ/ kg]
h L5 ety 200.0[k.J/ kg]
h; T ety 241.9[kJ/ kg
h =7 ded 412.6[k.J/ kg]
A, g4 0.23[m’]
Py T 500 [kPa]
ot BHET=F 0.7
Py 71 Frde 20.75[kg/m’]
Py E3ts7] Wi 21.3[kg/m’]
Py E3aA He 1284.8 [kg/m’]
p; TR 76.90kg/m?]
Po =TT 20.2[kg/m?]
L =& 77 dol 3.7[m]
L, A -7 4ol 0.2[m]
Table A4-3 'Specific parameter value for a compressor and EEV
Symbol Note Value

v 13197 =584 0.000032(m’ /rev]

P 457 HE 20.2 [kg/m’]

n A4 & 0.7

p =T 4

F T 60[Hz]

G, A 0.000005

A, 3l B 7)) % (step) 250(step]
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Q20 WRE FHEL Fig A413 U)o E3} AEl E<Q) Table Ad4

i

olgstel 7 Aol o) HEsE Fal ATt Fig AS.19 2 HelA

FEj kS Table A4-59] LERASITE

O

o>

9

Table A4-4 Properties of saturated R-22

T P vy v, hf hg
T kPa dm?/kg m®/kg kJ/kg kJ/ kg
0 497.59 0.7783 0.04714 200 405.37
1 514.01 0.7804 0.04568 201.17 405.73
39 1496.46 0.8805 0.01554 248.35 416.4
40 1533.52 0.8839 0.01514 249.67 416.57

Table A4-5 Properties of each state points

No. OT P, v h
a kPa m®/kg kJ/kg

1 48.028 1494 .447 0.01658 424.79
2 59.098 1495 0.01771 434.6
3 53.921 1541.957 0.01653 429.28
4 52211 1450.934 0.01768 429.28
5 35911 1495.753 0.0008805 2443
6 38.043 1495.753 0.0008805 247.11
7 36.99 1533.52 0.0008839 245.7
8 36.992 14696.46 0.0008805 245.7
9 3.966 500.285 0.04785 408.18
10 6.753 500.285 0.07854 410.19
11 5.003 512.06 0.04686 408.68
12 4.153 482.696 0.04986 408.68
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Fig. A4.1 Mollier diagram of R-22 for deciding value of state.
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A 4.

olo
Hyr
N
ko
e
= H
=
o

<571 BE £A dds Sl 1A AnEs AbsioR dth
Table A4-6°l | AL 23 ARSI AJeld, dskA 7Hde 534

% ERygIT,

Table A4-6 Calculation process of partial value on a condenser

Partial Indepe- State
ndent . Calculation process
value . point
variable
op, 1 !
— P, 1,2 | 97 _ 0.01658  0.01771 039
oh, oh, 424.79— 4346
opy LAt
i h, 374 |~8p 001653 0.01768
or P 1541.957 — 1450934 0043
dh, i Table| dh, __405.37—4164 - i
dp A4 | AP 497.59— 149646
200 201.17
dloshy) | Table | Sg(, 1) d(hy/v,) 00007783  0.0007804
ap Ad AP0 e 50 512017 1y |2
416.4 | 416.57
dlphy) | ] Table | g, 1) d(h,/v,) 001554 0.01514
ar Ad @ P Mi9ed6—153352
8/)3 ;. - i
—= P, 5, 6/ 9ps _ 0.0008805  0.0008305
oh Ph, oAd3—24711 O
ops - !
: hs 7, 8 | Py 00003839 | 0.0008805 _
or 9P 1533.52— 1469.46 0.068
dhy i Table | dh;  200—248.35 —0.048
dp A4 | AP 49759—1496.46
1 1
dpy - Table dp,  0.04714 0.01554
dp A4 | pT T a9759 149646 0043
1 1
Ay - Table | o, 55007783~ 0.0008805
ar A4 | 9P~ sorso—tdocds M
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24835 249.67
d(pshy) _ d(hy/vy) 00008805 0.0008839

dpP dP ~ 1496.46 —1533.52

=11.02

A~

F2 gy %7 29 A (A 4-1), (A 4-2), (A 43 2 7=

F,, Foll wsto] Jeidds dez v 24 (A 44)7F Aok

0230 [ 5482 0 —01831 0
| %21 %22 293 %o4|  |—187910 — 326380 234.8 0 B
z= 241 230 233 24| | 2735.9 27359  21.7 456 (A 4-1)

241 %49 %43 Za) —785.6 —549 —0.355 O

00f3 0] [00-0.0011 0
_[00f.23 0 |_[00=0.0204 O
F= 00 fu33 fasaf~ |00 00039 —0.0395 (A 42)

00f,43.0 00—0.0034 0

?m 0 —0.0057" -0

N JuatJu22| | 0.095 —0.0393 B

F= 0 fum| 0 0.0276 (A 4-3)
FinTonl 10000228 —0.000158

Ll [00-362x10"7—643x 10-2'] [L1] [ =87%10°° 3.39 < 10~

Ly| |00 3.67x10°6 0 Ly 857x10°% 1.74x 1077 [F]

P| |00 0.0047 0 PAT| Toooss  roixaot| 14} A 4D

hl 100-236x107 —867xd0"] [h.| |—2.54x 1071544 107°

S27] B A FA dilE fsiM s WA duds Alatsiop .

Table A4-7°l Hv|E AL 23 ARESE AJeid, sk 7Hde 534

S5 el
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Table A4-7 Calculation process of partial value on an evaporator

Partial Indepe- State
ndent . Calculation process
value . point
variable
200 201.17
d(p:h -
dloghy) - T;‘Ee dlpghy) _ d(hy/vy) 00007783 0.0007804 _ 192
ap P P 497.59—514.01 '
1 1
d _
s - Tizle dp; _ 00007783 00008805 _ o
ap P 497.59— 1496.46 !
4164 41657
d(p,h _
(ZH;) _ Tizle dlphy) _ d(hy/v,) 001554  0.01514 _ 104
dP dP 1496.46 — 1533.52 '
1 1
d _
Py - Table |, Gomria~ vomssa
dP A4 = =0.043
dP  497.59— 1496.46
5p 11
TQ P, 9,10 | 2% 004785 007854 .
0Ny ohy  408.18—410.19 :
50 g 1
—2 hy 11,12 | 2 _ 0.04686 _ 0.06986 _ .
op oP  _512.06—482.696
dh,, i Table | dhy 405374164
dp A4 | dP  497.59— 149646
2 e Sy 2deTA (A 4-5), (A 46), (A 4N a7 5

F,, Foll #sto] Jegd s deiz = A (A 4-8)0] Hrh

F =

u

211 21270

[ %31 %32 %33

0 fu fans

0 fuol

f'uZl 0

f u3l f u32]

%91 Z9g Zo3| =

l— 18191 13 0 }

[0f,12 0]
=10 0.00095547 —0.0137
,0 f.'r32 f:L‘SS,

=177 —0.0039 0.1317
87.3 0:0043 —0.0934

(A 4-5)

[0 0.0028 0
(A 4-6)

10 —0.00012854 0O

=| 00017 0 (A 4-7)

|—0.000228 0.000158

0 —0.0258}

- 107 -



Ll 0713%1070 — 126 10| [ L] [-1.85<107° 21107° | .

AE —4

Pl={0 00102 —0.1765 [|P.|+| —0.0259 9.45x10 [ A] (A 4-8)
h| L0 00085 —0.126 | |h, —0.0161 3.09x10°4] " "

A 43 A4 A U4
melgd HEERE P AR BHS 4 A 498 Ba, T LR
P A (A 41003 2ok &7 2E A e 9§

m, = 0.0155kg/s, m,;=0.03kg/s, C,=1.9TkJ/kg’C2 & st om] 7}

e ode] A W A FA e ol fEFE whdal skt HE

AF

o:
£

g A (A 4-11)3 2

Al AP, _
Ty = 0.9 s 5 —1.1Ah6 0:2AP, (A 4_9)
T = =& Ah, =026k (A 4-10)
Moy
T,]_[ o 026]|2
[Tsh]_ [—0.2 1.1 ] [h} (A 4-11)
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o4

A.5 MatlabS o] g3 =dl

Lo lul

[l 1T |

18 —

el —
22 —
23 —

28—
b —
a2t —
2f —
29
]

32 -
33—
34 -
35 -
36 —
ar -
38 -
39 -

A1l

% =S =xar 28
h1=428. 9|
h3=245.2;
hg=416.3;
hf=248.5;
hi=441.5;
hc=241.9;

4=0.73:

Pc=1500;

Pe=500:
gamma=0.7;
rho1=53.6;
rhog=61.3;
rhof=1135.7:
rhoi=248.5;
rho3=1135. 7:
Li=4.1:

L2=27.5;

L3=1.1:

% U= H VYRRl S E
¥=0.000032;
rho=20. 2:
eta=0.8:

P=4:

F=60;:

Cv=0. 0000055
Aw=250;

St=-0, 00004 5;

% ZF Wolzal 23
drhol _dP=0.05;
drhol_dh1=-0.274;
dhg_dP=0.011;
drhofhf_dP=7.5:
drhoghg_dP=12.74:
drho3_dP=-0,149;
drho3_dh3=0:
dhf_dP=0, 0485;
drhog_dP=0.0436;
drhof_dP=-0,1493;

Fig. A5.1 &
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12 2as Y

2l1=thal+{f1-hgheh;

2134 (drhat P, Bedrhol i sohq_P) (hl-hal+0. Bechg_dParhot=1)ebel !

= (rul*eruﬁ* feh;

222! {rhugsha-rhat <hi )eganna+ (rhol -rhod)shf )

2234 (drhat dPe0, 5* 01l echa_aP ) ehgeL 1 #{drhafhf dPs{1-gammal+drhogha_dPeqanua-1 J+ 2 drhodaP0, bedrhod_chBechi oP}shfL3)d
22420, bedrin 3 ahBehel Jeht

231 =hrhad(hi-h3)

280zherhod(hi-h3)

233! drhod a0, Becrhod_chechi oP)s (b3t )40, Beth_dPerho3-1 el 3

24=10 Bedrhnd_oh3s (h3-hi o0, B rhoB) el 3

2d1={rhot-rhod)eh

242=! {rhog-rhof beganas { rhof-rhod) J+f

2434 (drhat R0, Gedrhol o schq_dP)eLl+{arhof aP+! 1-ganna) +drhos_oPaannal L2+ (drhnd_aPe0 Bedrhodah3edhnf _aP)eL3)

24420, edrhod dhBedeL3

Tl 2R A

F T2 o /P [0, BBt (Pt 0,851 ) )+ (P, B8 ht-ha)-(5t Bt (P /Re) (0. 86))-1) b P

Ty 23 Rerhuef /Pel), B5eSt (o (086 1) (e 0,36 hoe{ Bt -5t {Pe/Pe) 10,86 -1 hechg_aP-0, BeCoehue (Pe-Po) 0 et Cosls [ {Pe-Pal"D, B echa_aP;
£330, 5eCushos (o). 5] ha-he peCosh{ (Po-Pe) 0.l edhg_4P;

fy3im-Cilve Pe-Pe) 0.5

el 3P hosF /P BBt (P (0, B8-1 e (Pa" 1) 6] 0. BeCshyel Pe-Pe) "0 B)elhg-e )

§RQ 2EL M

fut 1=~ tho /PS5t (Po/Pa 0. 36)-1)) (h| g);
fu21=Perha e 55 -5t (e /Pe) 0L 5)-11)eha
fud2=-Cishfe(PePe)0L.5;
ua=Lvs (ha-he) (el 0.5

Fud1=srho /P St -5t (P /Pe) 0. 85)-1))

ud2=+ (Po-Pe) 0.5

BBy, Fud IfER AR

2110213 0:221 222 283 204,291 22 233 234241 242 23 2],
Fuzl00 f13 0:0 0 1423 050 0 £33 13450 0 fed3 01
Fu=[fut! 0:fu2! ful2;0 fuddsfull fudel;

§1,8HESA £5
o214
Be= (21040
Fig. A5.2 %7 Bds X2 73(2)
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nz=4uid. 9;
hg=405.2;
hf=200;
hi=241.9;
he=412.6;
h=0.23;
Pe=1500;
Pe=500;
ganma=0.7;
rho2=20. 75;
rhog=21.3;
rhof=1284.8:
rhoi="76.9;
rhoe=20.2;
L1=1.7;
L2=0.2;

drhofhf_dP=49.2;
drhof_dP=-0.149;
drhoghg_dP=19.4;
drhog_dP=0.043;
drhoZ_dP=0.2339;
drho2_dhz2=-4.06;
dha_dP=0.011;

Cv=0,000005;
hy=250;

P=4;

F=60;
Y¥=0.000032;
rho=20.2;
eta=0.7;

n=1;
st=-0,0000415;

zl1=rhof+(hi-ha)+(1-ganma)«4;

z12=({drhathi_dP-drhof _dP+hg)+({1-ganna)+{drhoghg=dP-drhog_dP«ha)+gamma—1)+A+L15
z21=rho2+(ha-h2) =4 ;
z22=((drho2_dP+0.5+drho2_dh2+dha_dP)+(h2-ha)+0. B+ rho2+dhg_dP-1) «A+L2;
223=(0.5+drho2_dh@+(h2-ha)+0. G+rho2) +4+L2;
z31=({rhag-rha2)+(rhaf-rhog)+(1-ganna))+4;

232=({drho2_dP+0, S+drho2_dh2+dhg_dP)+L2+ (drhof _dP+{ 1 -ganma)+drhog_dP+ganma)+L1)+4;
z33=0.5+drhod_dh2+i+L2;

Fig. A5.3 7] Rdl= T2 73(])
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fu12=-0, 5Ly by+({Pc—Pe)"-0.5)+ (hi-hg)-Cy+Av+{ (Pc-Pe)"0.5)+dha_dP;

22220, B+ rho#F+ (0. B5+st+ [ (Po) "0, B5)+((Pe]"~1.85)+(hg-he]+(st—st+{{(Pc/Pe)~0.85)-1)+dhg_drF}:
%iu22=2+n+Y+rho+eta+F/Prdhg_dP;

f223=—0.B+rho+F+ (st —st+( [ (Pe/Pe)~0.88)-11):

HinZ3-2ensYerhosat asF /P
fx32=—0,5+Cy+hv+({Pc—Pe)"-0.5)+0, S+rho+F+0. B5+st+{ (Pc)~0,85)+ ({Pe) -1 .85);
%f132=-0. 5+ Cy+hv+(Pc-Pe)"-0.5:

ful2=Cy+{ (Pc-Pe)0.5)+(hi-ha);

fu21=0, B+ rhos (st -st +{ {{Pe/Pe)"0.85)-1))+{hg-he) ;
%fu2l=2«n+y+rho+eta+(ha-he) /P;
fud1=-0.5+rho+[st-st+(({Pc/Pe)"0.85)-1)):
Riudl=—2+nsYerhoseta/P;

fu32=Cv+{Pc-Pe)"0.5;

Z=[z11 212 0:z21 222 223:23 232 233):
Fu=[0 fx12 0:0 fx22 f=23;0 fx32 0]:
Fu=[0 ful2;fu2l 0;fudt fu3l];

he=(Z7-1)+Fx
Be=(Z"-1)+Fu

%Ce=[0 0.39;-0.09 1.1]
Ce=[0 0.26;-0.2 1.1]
Z1=[z22 223;232 2331 ;
Frl=[fz22 fx23:fx32 0];
Ful=[fu21 O;fu3l fu3?];

A1=(Z1"-1)+Frl
B1=(Z1"-11+Ful
Z7=7"-1;

Fig. A5.4 /Sd7] Rd= T g7 (2)

ZZ7=[4e(2,2) 4e(2,3) Be(2.1) BelZ.2):4e(3,2) 42(3.3) Bel3,1) Be(3.2):Cell, 1) Cal1.2) O 0:Cel2,1) Cel2.2]
hee=[4e(2,2) 4e(2,3) Be(2.1) BelZ, 2):4e(3,2) 42(3,3) Be(3,1) Be(3.20:0 00 0:00 0 0): J
Bee=[0 0;0 0;1 0;0 113

Cee=[Ce(1,1) Cef1,2) D0:Cel2,1) Cet2,2) 0 0]

rank{ZZZ}

Ue=Cee " +Cee

Fe=[1 0;0 1]

Pe=care(dee,Bee, Je, Fe)

Fe=Re"-1+bee’ +Pe

KesFe+ZZ7"-1

¥=[0. 00000000146 0;0 0.00000000146] 5
#W=[0,00001 0;0 0.00001]:

¥=[0,000625 0;0 0.0025] ;

wv=[0.00001 0;0 0.00001];

heee=[Ae(2,2) 4e(2,3):hel(3,2) 4e(3,30];
Pee=care(heee, Ce', W,¥);

Le=Pee+Ca’ +¥"-1

Ble=[1 0:0 1]

[
l
[
1%

Fig. A5.5 A=l Aol W ZwtAl A4
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e g =2 94 &84 AA =F List

. D. B. Lee, S. K. Jeong and K.H Hong 2012, Performance Evaluation of
Oil Cooler Control System for Precise Machine Tools, International

Conference on Cooling&Heating Technologies.

[&t=A AA =& List]
- AAA, $718H.2018, @S AL S FHA PL A7) A, diFAN
33+3], Vol. 25, No:-2, pp.. 85~93.
S. K. Jeong, D. B. Lee, Ki~H. Hong, 2014, Comparison of System
Performance on Hot-gas Bypass and Variable Speed Compressor in an

Oil Cooler for Machine Tools, Journal of Mechanical Science and

Technology. (2€ AlAI <4)
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