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Variable structure intelligent control for mango drying

with air source heat pump
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Abstract: Objective: To improve the energy efficiency of mango
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drying in the air source heat pump system so as to save energy.
Methods: The process of drying mangoes was subdivided, and a
variable structure control was used to adjust the temperature and
humidity of drying room intelligently and dynamically to improve
energy efficiency. Each drying process stage was divided into

three parts, namely {ar away from the conversion point, near the

conversion point, and closing to the conversion point. For the
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first two parts, a constrained nonlinear autoregressive neural
network (NARX) with external inputs was used to intelligently
adjust the temperature and humidity settings so as to save
electricity, while for the third part, a PI controller was used to
accurately control the dehumidification amount at the conversion
point of the drying process so as to ensure the quality of mango
drying. Results: Compared with conventional segmented constant
temperature and humidity drying methods, the proposed control
method could save 8.63% of electricity with a guaranteed quality
of mango drying. Conclusion: The proposed subdivided variable
structure control method can significantly improve the energy
efficiency of heat pump drying systems, and achieve drying
quality similar to conventional segmented constant temperature
and humidity methods.

Keywords: air source heat pump; variable structure control;
NARX; temperature and humidity decoupling; drying quality;

energy saving
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Process sections for mango drying
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Figure 2 Intelligent control block diagram during
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Figure 3 Control chart of drying rate near the

conversion point
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Table 1 Temperature and humidity setting table for mango drying
B B WE/C o WE/% i 1E] /b T2t

1 60.0 60 6.5 B T TR R A R R OK 0 28 R B B

2 60.0 45 6.0 7 ETE R A TR B

3 65.0 45 3.5 RN TR B

4 THE N B KRR A KA 8.5 AR B AT R TR KA O 2 0] R JE 88 30 4 1 Uk

5 60.0 45 9.0 TREL T 1 B B

6 65.0 35 6.5 TREL T 1 B B

x2 ASBRXBREANRSH
Table 2 Main parameters of subdivided intelligent controller

Br BrBOKET et Avm/ Avwin/ AT/ AH/ HOEEAE  Aviee/  Dovwie/  AT2/ AH»/ L
B HHBR/kg SME/h (kgeh™) (geh™) T %  AEE/h (ge b)) (kgeh™H) T % gEE/K
1 109 3.9 1.00 1.00 2 3 1.95 0.50 0.50 1 2 0.65 3.5 0.02
2 84 3.6 0.50 0.50 2 1.80 0.25 0.25 1 2 0.60 1.8 0.01
3 74 2.1 0.50 0.50 2 3 1.05 0.25 0.25 1 2 0.35 1.8 0.01
5 60 5.4 0.25 0.25 2 3 2.70 0.12 0.12 1 2 0.90 0.9 0.01

KHASBRERERAE THREH S RE &N
57.482 kg, MAEFE 128.0 kW « h, % JH 40 43 BL A8 45 4y 48
RE T B I8 1 O ik TR R e R BT il 57.662 kg, EVREFE
S} 116.95 kW « h, R 40 B 4 I RS R T 1 R O Y
TES TERMB S H nE 4 iins, & TEHMBK
PP S R AT BG BC HE GT L BRI T R PR A% R B TR
B 1 s o AR T I B RE RE BR VR R 4 B M 0.663

3 NARX#ZHHIBFTESY

Table 3 Main parameters of the NARX controller
s BEE BREEWAE  FIE d d>
1 5 0.02 3 2

0.724 kg/ (kW « h) , SR 41 43 B 25 45 44 0 6 I 52 0 4y
Jr T AR 11.05 kW « h, FTH R 8.63% . i i X R
FH 43 B AR R E R T 20 R0 A0 43 B A 45 4 5 BB IR R Y T
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3 e
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Table 4 Comparison table of each drying stage

- B B i i/ kg BRI/ ke REFE/ (KW - h)
srBUEiREE Al Bk S SrBriEi i 4T B A SrBUEiRiEN Y BEAS
1 109.040 110.543 33.285 31.971 29.20 26.37
2 83.820 84.468 25.220 25.886 26.40 22.37
3 74.070 74.502 9.750 9.966 16.00 15.81
4 73.120 73.652 0.950 0.850 0.20 0.21
5 60.120 60.143 13.000 13.509 33.60 30.30
6 57.482 57.662 2.640 2.481 22.60 21.89
ok 81.845 8.663 12800 1695

B0 7 W AT e 4 AT R P B B8 AR 0 42 o 4 £ o 5 B i
A ik DATIT R s SR T R 0 . U8 I L K R 7 15 g
W AR SR TR ARG ARERL, T AR AE R REIIEG 55
B IR L 5 9 AT Y TR A D
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