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Improved Smith predictive compensation and decoupling
in refrigeration system
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Abstract: Firstly, a model identification of refrigeration system is carried out on the basis of experiment to obtain a
second-order transfer function matrix with dual-input and dual-output, which is then verified. Secondly, an improved Smith
predictive compensation and decoupling control are developed for the refrigeration system and simulated. Finally, the dual
closed-loop control system consisting the variable minimal superheat-control and constant evaporation temperature-control
is proposed. Besides, an experimental method to obtain the minimal superheat curve is developed. Compared with the
PID control, this method provides better steady and dynamic performances in strong coupling, delay and inaccuracy in the
identification model, and meets with the control requirements in variable load and variable minimal superheat.
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Fig. 1 Devices of refrigeration system

2.2 PERIHEH(Model identification)
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Fig. 2 Model validation as frequency of compressor changes
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Fig. 3 Model validation as opening of expansion

2.3 AL F (Model validation)
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Fig. 5 Improved Smith predictive and decoupling control
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Fig. 6 Dual closed-loop control of refrigeration system
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Fig. 8 Step response of improved Smith control
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Fig. 12 Superheat and evaporation temperature in simulation 1
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Fig. 13 Superheat and evaporation temperature in simulation 2

KI12(a) Ui B, 240 #0888 (B BR AR AL I, 5K
o ok AR R R R 7 IS TRD 9 s B 13(b) Wi, 4
28R JEE B EAB B BRAZ AN, S s 2% et B2 1)
YRR 7 IS TD 90, T AL, e I T AL AR R SE
AR B

P 12(b) Ui B, 1o R 7 A B BR AR A 0] 225 it
JEE I SEME R ORI/ B 13 () B, 728 Al B 1
Wi R AR A 0 T FA R ) S e KR oS, e 7 VAR B
g e T R GRS )L 2, 5 PIDE
77 VA B, SR 503t S ch FAL G 2 R A8 R 42 71
T L Retg R vl %éﬁﬁﬁ/ﬂﬂzﬁé‘%%ﬁ%AE’J i) e,
P IR R G A E BT
7.2 SEES &5 B (Experiment results)

h T B UEAS SR IR X P T S R
ROR, KBS I 7300 1 ¥4 28 G HEAT XU A5 6, R
THU N34 5L

S 1 RAEHUIR S0 He, i % 3 (17°C;

SEH 2 2Rl B WE fH5C, 1 FARE ¥ E
7°C;

T3 AR BROEMHSC, W T
AE A AR N A e (B AR LA T ) de /N FAEL

K140 320 52530 N R G IR AR DL | 28K s



91

IR AE: v FR G ek Smith R A2 A0 g R 1) 117

AR | IV I BE R LLCOPRE 2 4 4 A8 Ak 1)
2. Xof S DRI SE B2 M 2245, BE A FA 47 AT 11
AW AR, 7 R G CARAEAR T IR, K
A HLAZ B2 T R LA /IS HLBE TR R, S 25 4 v fE X
LL.COP.

T T T T T T T
50 - .
\\.\
45 %, 1
\\-;.'
N AN
E 40 "\'ﬁ.\\ T
=
sk T RN 4
"___fZ
oL f3 |
1 1 1 1 1 1 1
24 23 22 21 20 19 18 17 16
#Afr [ kW
T T T T T T T
70f —————====ommeo .
65F e .
= 60F 1
&
55 —Ta .
- &2 .'.
sof T i
’ 1 1 1 1 1 1 1
24 23 22 21 20 19 18 17 16
AT [ kW
30 T T T I\I/ T
29} ‘\\"“-.,_._" 1
. o i
g 28F T _
~ \
£ 27f N 1
i S \\ : 8
26 @ R .
R Qs N |
25 1 1 1 1 1 1 1
24 23 22 21 20 19 18 17 16
A [ kW
5.5 T T T T T RS
—COPI o
soL -——COP2 T
...... COP3 Rie
A~ ///
S 45) P |
O T
7
4
//
40F =--7 .
3.5 1 T + T T 1
24 23 22 21 20 19 18 17
AT [ kW

Bl 14 XUAFES T RG9S Mt 2

Fig. 14 Parameters curves of dual closed-loop control

o LU S B0 2N S 53 h 26 £ 1, S0 3R F A S
P8 H 110 2 A T P8 AR AR g /N Tk A PRI R P B4 928
il 7 V2. AR A s 28R B /N R R E A, R
T R R BRI IR, R G AT VA BRI 15, )4
ARG RS L COPHE— D .
8 45t (Conclusions)

ok I 4 VA FR 4, T Il AR Y A 3 U
AUV H ) A% 3 pR B0 R — DT, &0 R
BRI iy 5 Ao A SR, SR F B0 Smith TR
ARG A I Aif R g 2 AT 4 o L. Al T2 R
FWH, 55 IPIDYE Hl 7 LM LE, % H ki1 R4
(M ZN ATk Re B mr, A8 it A (PR G 2R AW bR o —
D7 1T, A SR HA 11985 28 K il R0 AR g /) To 4
F55 TR P IR 4 ol 7 AT T S ER 50 E. M RS Ab
TAR ST IS AT I, R 46 HLAS S g ) Be 8 {25 4 =
HIVA R REALLCOP. BLAk, 5 e e ik #45  HiAH
bl., S 560 W A% f /)N aok 405 4 i 15 2 4 1) il v
SN, fERk LbCOPRE— b .

£ % S #k(References):

[1] CHEN W, CHEN Z J, ZHU R Q, et al. Experimental investiga-
tion of a minimum stable superheat control system of an evapora-
tor [J]. International Journal of Refrigeration, 2002, 25(8): 1137 —
1142.

[2] R, ARSI s 5 72 SR A (00, 46T A 3k &
1%, 2001, 28(4): 9 - 15.
(SONG Yunxia, ZHU Xuefeng. Control methods and application
for the process with large time delay [J]. Control and Instruments
In Chemical Industry, 2001, 28(4): 9 — 15.)

[3] CHEN Y M, DENG SM, XU X G, etal. A study on the operational
stability of a refrigeration system having a variable speed compres-
sor [J]. International Journal of Refrigeration, 2008, 31(8): 1368 —
1374.

[4] LIANG N, SHAO S Q, XU H B, et al. Instability of refrigeration sys-
tem [J]. Energy Conversion and Management, 2010, 51(11): 2169 —
2178.

[5] HUELLE Z R. The MSS line — a new approach to hunting prob-
lem [J]. ASHRAE Journal, 1972, 14(10): 43 — 46.

te# EA~

ZIRiE (1989-), I3, WL AFSU/E, BN HRIA RETITReda bl
KIHF5T, E-mail: lizhaobo@tju.edu.cn;

REE (19540, #%, WA P, F BN FRR . P s im
AETHHLEERTSY, E-mail: agwu@tju.edu.cn;

T 58 (19772, T, YT, 25BN g W1 R AR MR R
ARG HIWEFT, E-mail: 18230702@qq.com;

BIW  (1985-), 55, Tk, PRI, B GEENA REITRE IR
PRSP IR ST, E-mail: 524361193 @qq.com.



