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Targeted temperature control system for beer
fermentation based on S7-400 PLC
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Abstract: According to the characteristics of non-linear and large
time delay in the temperature control system of beer
fermentation, proposed the idea of target temperature control
combined with fuzzy PID control algorithm, and designed a fuzzy
PID controller based on target temperature control point to
achieve temperature control, so as to improve the accuracy of
temperature control of beer fermentation. Taking Siemens S7-400
PLC and Braumat software platform as the control core, the soft-
ware and hardware structure of beer fermentation temperature
control system was designed to realize the control and monitoring
of the whole production process. The field application shows that
the temperature control error of beer fermentation is £0.3 °C.
and the temperature control effect is good, which meets the
actual production requirements.
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Figure 1 Temperature control diagram of beer

fermentation tank
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Figure 2 Diagram of the relationship between tempera-

ture, density and liquor movement when beer

is cooled
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Figure 3
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Cycle diagram of main fermentation and

diacetyl reduction stages
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Figure 4 Cycle diagram of high temperature
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cooling stage
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Figure 5 Circulation schematic diagram of low tempera-

ture cooling section and liquor storage section
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Table 1 Parameters of fuzzy controller
A AR FEA BRI 4 B 16 5k AL T
e E [—1,1] [—3,3] 3
ec EC [—0.3,0.3] [—3,3] 10
AKp Kp [—0.6,0.6] [NB,NMNS,Z0,PS,PMPB] [—0.6,0.6] 1
AK K [—0.03,0.03] [—0.03,0.03] 1
AKp Kp [—3,3] [—3,3] 1

T NBRRHKNM FR . NS FoR /0, 20 Rn %L PS FRoR IE/N . PM R IE . PB R IEK.

x2 HEHEMMMER
Table 2 Fuzzy rules

ec

NB NM NS Z0 PS PM PB
NB PB/NB/PS  PB/NB/NS PM/NM/NB PM/NM/NB PM/NS/NM Z0/Z0/NM 70/70/NS
NM PB/NB/PS  PB/NB/NS PM/NM/NB PS/NS/NM PS/NS/NM  Z0/Z0/NS NS/Z0/Z0
NS PM/NM/Z0 PM/NM/NS PM/NS/NM PS/NS/NM  Z0/Z0/NS NS/PS/NS NS/PS/Z0
Z0 PM/NM/Z0 PM/NM/NS PS/NS/NS 70/Z0/NS NS/PS/NS  NM/PM/NS NM/PM/PS
PS PS/NS/Z0 PS/NM/Z0 720/70/Z0 NS/PS/Z0 NS/PS/Z0  NM/PM/Z0 NM/PM/Z0
PM PS/Z0/PM Z0/7Z0/PM NS/PS/PS  NM/PS/PS NM/PM/PS NM/PB/PS NB/PB/PB
PB 720/70/PB Z0/Z0/PM  NS/PS/PM NM/PM/PS NM/PM/PS NB/PB/PS NB/PB/PB

T NBRRHKNM FR G NS R /N, 20 RRF PSS RRIEN . PM R IE . PB RRIEK.

®3 EMEHEAR

Table 3

Fuzzy control rules query table

ec

—3 —2 —1

0 1 2 3

—3 0.54/—0.03/1.00  0.54/—0.03/1.00  0.40/—0.03/ —2.69

—2 0.54/—0.03/1.00  0.54/—0.03/1.00  0.40/ —0.02/ —2.69

—1 0.40/—0.02/0.00 0.40/—0.02/—1.00 0.40/—0.01/—2.00

0 0.40/—0.02/0.00 0.40/—0.02/—1.00 0.20/—0.02/—1.00

0.40/ —0.02/—2.69 0.20/ —0.01/ —2.00

0.20/—0.01/—2.00 0.20/—0.01/—2.00

0.20/ —0.01/ —2.00
0.00/0.00/ —1.00

0.00/0.00/ —2.00  0.00/0.00/ —1.00

0.00/0.00/ —1.00  —0.20/0.00/0.00
0.00/0.00/ —1.00  —0.20/0.01/ —1.00 —0.20/ —0.01/0.00

—0.20/0.01/ —1.00 —0.40/0.02/ —1.00 —0.40/0.02/1.00

1 0.20/—0.01/0.00  0.20/—0.01/0.00 0.00/0.00/0.00 —0.20/0.01/0.00 —0.20/0.01/0.00 —0.40/0.02/0.00  —0.40/0.02/2.00
2 0.20/—0.01/2.00 0.00/0.00/2.00 —0.20/0.01/1.00 —0.40/0.01/1.00 —0.40/0.02/1.00 —0.40/0.03/1.00  —0.54/0.03/2.69
3 0.00/0.00/2.69 0.00/0.00/2.00 —0.20/0.01/2.00 —0.40/0.02/1.00 —0.40/0.02/1.00 —0.54/0.03/2.00  —0.54/0.03/2.69
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Table 4 Moduleconfiguration table of fermentation tank area
EA FH# 15 HLAG Bt Hfr 3
L PLC %% B4R 6ES7 400-1JA01-0A A0 T HL AL 1 B Siemens
R PLC it 6ES7 407-0DA02-0AA0 HLZE W 1 He Siemens
CPU #ilk  PLC EAbyiss 6ES7 416-3EM06-0AB0O 20 M NFE K LA I 1 B Siemens
WIREH LUK ME R 6ES7443-1EX11-0XE0 1 e Siemens
EX! PLC %235 3 4 6ES7 390-1AF30-0AA0 482 mm 8 B Siemens
OB PLC WIRBLAR 6ES7 153-4AA01-0XB0 DO NCEIRE 5 8 e Siemens
BEAME S AR A 6ES7 331-7PF01-0ABO SAI(RTD In) 16 B Siemens
BIAMIH B S A 6ES7 331-1KF02-0ABO 8AI(4-20 mA) 8 B Siemens
BibiEe  BRE S R 6ES7 332-5HF00-0AA0 8A0(4-20 mA) 24 B Siemens
FFABY  JFRERA 6ES7 321-1BL00-0AA0 32DI1(24VDC) 8 B Siemens
FFHRE  IF LR 6ES7 322-1BLO0-0AAO 32D0O(24VDO) 8 B Siemens
HCRIE SRS 6EP 1334-3BA00 fly A 89-265VAC, 4 8 & Siemens
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Figure 7 Flow chart of beer fermentation temperature

control program
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Figure 9 Fermentation process monitoring screen
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Figure 10 Fermentation process monitoring screen
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