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Internal model decoupling control strategy of variable frequency
compression refrigeration system control
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Abstract: Internal model decoupling control method is developed for obtaining good robustness and stability and for
improving the coefficient of performance (COP) value in variable frequency compression refrigeration system under vari-
able load conditions. This method employs the decoupling control method based on the internal model structure to improve
the robustness of refrigeration system, and makes use of the minimum superheat curve to revise the setting value for super-
heat in real-time, making it always being the minimum stable superheat value under the corresponding load for reducing the
compressor power consumption and raising the refrigeration capacity. Through the simulation and experiment, it is found
that compression refrigeration system under this control method not only avoids superheat shocks, slow response, but also
has a strong immunity and robustness, with the COP value raised to 5.8.
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Table 1 Parameter of refrigeration system
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Fig. 1 Device of refrigeration system
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Fig. 2 Structure of internal model decoupling controller
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Fig. 4 Curve of the minimum stable superheat

4 E#E5HT(Robustness analysis)
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Fig. 5 Control structure of perturbed refrigeration system
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5.1 #HIBHEAF (Control effect confirmation)
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process parameter perturbation
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multiplicative input uncertainty

90 T f‘ T T T
I

8.5 ! \‘ .
L“\/\\ s

=
T3 — A7
7ol -—- PIDJ7¥
e Sith 7 25
6.5 1 1 1 1
0 500 1000 1500 2000 2500

t/s

T T T
-
Nz
— KICHE
--- PIDJji%

' e Sith 73

3.5 ’ 1 1 1 1

0 500 1000 1500 2000 2500
t/s

B 10 sfetthanth AEIETE N HA RGN L
Fig. 10 Response curves of refrigeration system with

multiplicative output uncertainty

6 SEIS %5 B (Experiment result)
6.1 #=HIZCHR (Control effect)
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Fig. 12 Transient response for compressor frequency
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Fig. 14 Transient response for superheat degree

6.2 TIRERUH (Energy efficiency effect)
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7 4578 (Conclusion)

AL AR A A5 A RIVA R GE R o K E
FUASH T S5 A, OV T PR AR R 42 11 S s
TR FUR L SESG, BOAE T 5 S Ae s K
1 55 R B A N B 2 TR RS S VR, T R T A
T I )R G IS A6 2 SR T TR S 4L B
WA 2SS RS RN KA RS e PR R B4
PE. A, L S b SE A0 B UE T P AR s ) S s
REME I — DA LTS REICOPMHE, tm%
5844,

S ik (References):

[1] CHEN W, CHEN Z J. Experimental investigation of a minimum sta-
ble superheat control system of an evaporator [J]. International Jour-

nal of Refrigeration, 2002, 25(8): 1137 — 1142.

[2] PING W. Control design of the cold intermediary flow with the elec-
tronic expansion valve [C] //The Japanese Freezing Association Aca-
demic Paper Collection. Tokyo: The Technology Paper Publisher,
1989: 4 - 11.

[3] SCHURT L C, HERMES C J L, TROFINONETO A. A model-
driven multivariable controller for vapor compression refrigeration
systems [J]. International Journal of Refrigeration, 2009, 32(7):
1672 — 1682.

[4] SCHURT L C, HERMES C J L, TROFINONETO A. Assessment of
the controlling envelope of a model-based multivariable controller for
vapor compression refrigeration systems [J]. Applied Thermal Engi-
neering, 2010, 30(13): 1538 — 1546.

[5] RASMUSSEN H, LARSEN L F S. Non-linear and adaptive control of
a refrigeration system [J]. IET Control Theory & Applications, 2011,
5(2): 364 - 378.

[6] LIU T, ZHANG W D, GU D Y. Analytical design of decoupling in-
ternal model control (IMC) scheme for two-input-two-output (TITO)

processes with time delays [J]. Industrial & Engineering Chemical
Research, 2006, 45(9): 3149 — 3160.

[71 JF, SeRMi, MR Sc. DNV FEEAT iR )i 5 (0], B30
1244, 2009, 35(10): 1362 - 1368.
(ZHOU Ping, CHAI Tianyou, CHEN Tongwen. Decoupling internal
model control method for operation of industrial process [J]. Acta
Automatica Sinica, 2009, 35(10): 1362 — 1368.)

[8] Z=JBiH, S 52 [, AT 8. ¥ 2R 40 1 St S th FUAL Fh £ 1A R 28
il ). BHELS SR, 2013, 30(1): 111 - 117.
(LI Zhaobo, WU Aiguo, HE Yi. Improved Smith predictive compen-
sation and decoupling in refrigeration system [J]. Control Theory &
Applications, 2013, 30(1): 111 - 117.)

[91 e, 521, thE 30, v REET IaEE R 209 (0. 61
AR, 2012, 40(2): 28 - 33.
(ZHAI Wenpeng, WU Aiguo, YOU Yuwen. Dynamic modeling
of vapor-compression refrigeration system with a high pressure re-
ceiver [J]. Refrigeration, 2012, 40(2): 28 — 33.)

[10] MORAR I M, ZAFIRIOU E. Robust Process Control [M]. Engle-
wood Cliffs: Prentice Hall, 1989.

YEH A

K R (1988-), Lo, WIEAFFUA, EEMNFHNA RGFEHIFIVER
#F5¥, E-mail: han920@tju.edu.cn;

REE  (1954-), 5, Hi%, WA S0, BB HIA R
G AN HISEERIST, E-mail: agwu@tju.edu.cn;

o W (1988-), B, MU, ML RGN
T IAIEFT KN 5T, E-mail: blade1105@tju.edu.cn;

HEX  (1978-), T, EIAEZ, EENFRD S RS MRAFERIT
5%, E-mail: tjdxyyw @ 163.com.



