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The design of fuzzy control system for food freezing temperature control
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Abstract :
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Objective: Improving the setting value adjustment
ability of the speed control loop and temperature control loop of
food entering the freezing tunnel. Methods: By treating the speed
and temperature control circuits of the conveyor belt separately,
a fuzzy control system for food freezing temperature control was
designed. The control system included a proportional-integral-
differential controller for the food conveyor roller speed. a
proportional-integral controller for temperature regulation in the

freezing tunnel, and a Takagi-Sugeno fuzzy controller to set the
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temperature set point of the temperature regulation proportional-
integral controller. Results: When the mass flow rate of frozen
food was increased from 650 kg/h to 700 kg/h. and the speed of
the drive roller being increased from 1.62 r/min to 1.75 r/min,
the final food temperature could be quickly restored to about
—18 C. When a temperature disturbance of +5 °C occurred at
the food inlet, the fuzzy controller acts to keep the food outlet
temperature near the expected value of —18 °C. In summary. by
selecting system parameters that allow fast response and
relatively low overshoot, the designed control system can realize
that the value of the output variable does not fluctuate greatly
near the set value. Conclusion: The research results can be used
to develop the food freezing temperature control system in the
food processing plant of the cryogenic freezing tunnel, and

improve the ability of food freezing temperature control.

Keywords: food freezing;  proportional-integral-differential
control; system identification; fuzzy control; Takagi-Sugeno
control
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Table 1 The calculate equations of the physical
properties of certain compounds in food with
temperature T
Yy 3R PR LR DA Wy i
FHRAEMK. W/(m+C) K4 0.571—1.76X10 3T —6.70 X
10°7T?
JEZE 0.180+2.76 X103 T —1.77X
10°7T?
HE 0.178+1.19X10 3T —2.71 X
10672
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3.75X 107372
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HHT .t TRIRBEE AR R R RA R
R BV BE T ol A TRV ot R R X 7 B o T IR R R
AGUnE 1 s, B A H A O KR E T — 20~
—90 °C RV N B Ve VRIEIE s @ 0 50RE B MR T 5
Ve VR A H i i 2 5% T8 2008 vk ML AR s Y 728 A% 26

R TV VRO R A 22 U L T B — R A 3 A BIL
i 7 R A5 B T B R A ] B g b v B R v
A SE TN

=
71N\
JAARRRN

UE SRRV NARANY

I L, I

T
t

(a) WUREEIE

Lo ][]

(b) fLika

To. MHAEMILECC) T WHEEEEZCC) T &R

BECC) L. BHBGEKEmM T, 8EARECC) M. £
i (kg)  m. BRI R (kg/s) Vo B EE (m/s)

Vsp., BEEMBEEME (m/s)  w. G367 AL A 3 (rad/s)
PR T A AR (m) L. AL 3% 15 2% B S (m)
Bl #ARAASRRA

A typical liquid nitrogen freezing system

ro A%

Figure 1

117



RREESE

1.2 HEME

WAV VR 1 T2 20 R B TE Y B R A% v i R Y
M) 4R 0, Ry 1A O Ve R R R B E A
DR EEIRE] — 18 C T A B[R], SEEe A, il T — Se i
PR ARG ¥ VR o B 1 7 AR AR L, 8 R A O o 3 AN B B
TV VRS A ok B v B B, IR 2 B R

A
T,
g |\ mr
Wik
?;;;; T P
€7
= a
[ ‘. ¢ >
! Fif ]
Time/s
0000000 o
O fift % ® AUk

T.. ﬁn”%uil”ﬁ
TR BURE R E o,
1 Ve BEARE I fi]

B T.. BMESEE T.. SWBKRE (. &
CBRRSBRERE .. B &Ik e

o

B2 R&ibAnik
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Figure 3 Closed-loop system response curve and

proportional controller gain curve
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Table 2 The functional relationship between the value of Tt and w, T;("tuna steak" food)
Bty i RE / WIGIRBEE T:/°C

(r+min 1) 20.0 17.5 15.0 12.5 10.0 7.50 5.00 2.50 0 —2.50 —5.00 —7.50 —10.0
1.2 —31.0 —30.5 —30.0 —29.5 —29.0 —28.5 —28.0 —27.5 —27.0 —20.0 —20.0 —20.0 —20.0
1.3 —35.5 —35.0 —34.5 —34.0 —33.5 —33.0 —32.0 —31.5 —31.0 —20.0 —20.0 —20.0 —20.0
1.4 —40.5 —40.0 —39.5 —38.5 —38.0 —37.5 —36.5 —35.5 —35.0 —21.5 —20.0 —20.0 —20.0
1.5 —46.0 —45.5 —44.5 —44.0 —43.0 —42.0 —41.0 —40.0 —39.5 —23.0 —20.0 —20.0 —20.0
1.6 —52.0 —51.5 —50.5 —49.5 —485 —47.5 —46.5 —45.0 —44.0 —25.0 —20.5 —20.0 —20.0
1.7 —58.5 —57.5 —56.0 —55.0 —54.0 —53.0 —51.5 —50.5 —49.0 —26.5 —21.5 —20.5 —20.0
1.8 —65.5 —64.0 —63.0 —61.5 —60.0 —59.0 —57.5 —56.0 —54.5 —28.5 —22.5 —21.0 —20.0
1.9 —72.5 —71.0 —69.5 —68.0 —66.5 —65.0 —63.5 —62.0 —60.0 —30.5 —23.5 —21.5 —20.5
2.0 —80.0 —78.5 —76.5 —75.0 —73.5 —72.0 —70.0 —68.0 —66.5 —33.0 —24.5 —22.5 —21.0
2.1 —88.0 —86.5 —84.5 —83.0 —81.0 —79.0 —77.0 —75.0 —72.5 —355 —26.0 —23.5 —21.5
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Table 4 The control error of Mamdani (T ) %
Bl WG E T:/°C
WEE/ % 2000 17.5 15.0 12.5 10.0 7.50 5.00 2.50 0 —2.50 —5.00 —7.50 —10.0
1.2 1 3 4 6 8 10 12 —4 —2 32 32 32 32
1.3 —1 0 2 3 5 6 —2 —1 1 32 32 32 32
1.4 —1 0 1 4 5 7 10 —1 0 23 32 32 32
1.5 —2 —1 1 2 5 7 —2 0 1 15 32 32 32
1.6 —4 —3 —1 1 3 5 8 0 2 5 29 32 32
1.7 3 4 7 0 2 4 —3 —1 2 —1 23 29 32
1.8 —1 2 —5 —2 0 2 4 —2 1 10 39 25 32
1.9 —3 —1 1 3 5 0 —6 —3 0 15 33 23 29
2.0 —2 0 3 5 0 2 5 3 —2 6 28 17 25
2.1 —5 —3 —1 1 3 6 2 5 2 —1 21 12 23

T BYF]BEHUE .
Trerp =

f(—1030) =570’ —47w" 41 516w° —2 409w” +1 891w —607

F(—75;0)=—7.39%" +20.740w—34.4

f(—550)=9.85w" +25.74w—36.7

f(—2.550)=—10.0dw’ +15.340—23.5

[(030)=—16.290" +3.27w—7.6

[(2.530)=17.61w* +5.460—8.7

fG30)=17.61* +3.790—7.2

f(71.550)=17.990" +3.53w—7

£1030)=19.13w* +5.730—8.5

£2.550)=—19.70w" +5.97w—8.4

£1550)=—19.510" +4.04w—6.8

FA7.550)=—20.27w" +4.750—7

Lf (2050) =21.020* 4-5.77w—7.5

8

(&) i iR 1 I RR 4K A A T & Takagi-Sugeno #4
A2 i A5 O R0 ) FE R L ED

WHR Ty >T =T, W T N F(Trerys0).

Ho, f(Trap i) B34 T BBWHELT, . Ty W
T B HEAT P A 1 09 25

5] Mamdani #£ 8 85 —F, X T T1 Fl o (9 54
(B, BT 3R A5 % T8 R BE A0 4t s b R 5 SR R (B Y D
ZEWFES, NERSAFEL ERKEER T, BAEKE 5
Hof 22 AR 3% . M Mamdani 5 i #% 76 K Z 8016 500 F
T 224813 5% , K I, Takagi-Sugeno &Y 45 il #5 # 22 5t Wi byj
BORTE AT,
3 MR R G A PR VA

FXF T R G AT AL B R A S
B PR e B . ELAR D SRS . D K AR B Al R [l
P il % R0 RR TR B R SR R SR O B T B
S T 1] G T R RSEORY IR R A |l i i O 52 @ 3R AR

121



122

BEREE&E5E 4 E FOOD EQUIPMENT &. INTELLIGENT MANUFACTURING

BE 2658 [ 20235 11 B | BRENMH

*& 5 Takagi-Sugeno (T )HIEHIRZE
Table 5 The control error of Takagi-Sugeno (T't) %
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0.16 3 —4 5 —5 —4 —2 —6 1 2 — 14 11 6 —3
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Figure 8 Complete block diagram of the control system
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Figure 9 The response of the system to changes in set values
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Figure 10 The response of the system to total mass perturbations
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Figure 11  The response of the proposed system to an
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