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Improved Smith predictive compensation and decoupling
in refrigeration system

LI Zhao-bof, WU Ai-guo, HE Yi, ZHAI Wen-peng
(School of Electrical Engineering & Automation, Tianjin University, Tianjin 300072, China)

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.

Key words: refrigerating machinery; compressors; frequency converters; pure time-delay; Smith predictor; variable
load; superheat
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Fig. 1 Devices of refrigeration system
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6.0

55
5.0
4.5

T./C

4.0
3.5
3.0

2.5

I 1 | 1 | 1
100 150 200 250 300 350 400
t/s

(a) ZRRUSE



%1

IR A A BRI LSO Smith PR b2 At R4 o 113

8.5
8.0
7.5
7.0

T./°C

6.5
6.0
5.5
5.0

T
I
I
I
|
|
|
I
|
I
|
I
I
I
|
I
I
|
|
I
I
1

t/s

(b) FE

1 1 1 1 1
0 50 100 150 200 250 300 350

3 MK IR T AR A AR R B i

Fig. 3 Model validation as opening of expansion

valve changes
E QR 2y o)A
Table 1 Step response of superheat
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Fig. 5 Improved Smith predictive and decoupling control
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