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Development of automatic flow control system for the practice of
Ziegler—Nichols and Cohen—Coon control theory

Kang, Tae—WonT-Lee, Ho—Gyun

Department of Chemical Engineering , Kongju National university

ABSTRACT

Automatic flow control system composed by hardware and software was designed and fabricated to be used as teaching tool of feedback
control theory in university experimental class. This system includes hardwares like data acquisition board, flow measuring device,
transmitters, and the pneumatic valve, and software like LabView program for the monitoring and control of flow rates. The system
was designed as the student can see the control effect of not only set point but also disturbance changes. Also the LabView program
was composed for the calculation of controller parameters of both Ziegler-Nichols and Cohen-Coon tuning. The students can apply
both tuning constants and compare the control performances. This system will provide the easy way for the students to understand
the function and specification of control hardwares, and to raise the programing ability of control software.
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Fig. 1 Diagram of hardwares for flow control system
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Fig. 3 Front panel of LabView program
J = i
H20] Ak} sjto] Mol 97j9] e & Abek T

L A7bo) w2 8RS 1t I#E converterS E3) Al7E
of wet stedlofol] HeE= AR & vl Aolth
Front panelollA] &Rl & 4= Q= AR Ao AAE]
Axkt 27, Alol7h 2E=t| OIE QI3 LabView L=
:L%LJ block diagram¢| B2 Fig. 40|t}
32 e 57 5 DAQ AAHEE SEglolz
T &4 dloJHE ®ot input 29 48 AFE, inputdl ¥
g G52 UetA dok afk bgt A5 22jm]A vl

J

=9 A7 @ 7 TAAY] 71e7)¢ duE e o=
482 Bafo] @A B grolck, 2 $Fe 23 £o
==Y Front panel°lA] manual® autoE AEIgtof w
e} Z}7ke] A|of7} o] Fo| XA Hr, Fig. 4= autos AE g
ZA2-0l1 manualE AEsk= 4% block diagram%¢] PID
Aol &dg]Z HEo] manual algorithmeZ A Ech
o @
Fig. 4 Block diagram of LabView program
63



|

i
%
Hu
2
rlok
1
H
o
>
r>)
2
>,
[>
o,
|
L oo
Tl
of
_0|£
s

oft},
I 20 ¥ g2

thee) AEe shigel 738 AE $3F Ao] AsuE
0] 85}o] Ziegler-Nichols tuning I} Cohen-Coon Tuning2]
27FA Aol Bple] o Alo] ApEE %A T8k, ol
Fee] WP Alojol] ol" FF=E 7|1A=A GA ols &
T YES AGthe ARES UE Aolth

T nas
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Fig. 5 The response of flow rate according to KC

64

Table 1 Calculated constants with respect to Ziegler—Nichols
tuning method .,

K. T,(min) TD(min)
P controller 1.5000 - -
PI controller 1.3636 0.036528 -
PID controller 1.7647 0.022005 0.005501

2. Cohen—Coon Tuning constants
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Fig. 6 Output current change according to step change
of input current, 2 mA,

Table 2 Calculated tuning constants based on Cohen—Coon
tuning method

K. T[(min) TD(min)
P controller 1.6630 - -
PI controller 1.3569 0.013556 -
PID controller 2.0919 0.016219 0.002606
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Fig, 7 Result of P control of set point changes by Ziegler—
Nichols & Cohen—Coon tuning
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Fig. 8 Result of PI control of set point changes by Ziegler—
Nichols & Cohen—Coon tuning

Journal of Engineering Education Research, 20(4), 2017

skt B ARRe BR3E Ao=m Ue=t 27H4] Ao
A S vl 508N K, gt o gl A 2R3
Ao} Axtol] o F3ks 7|x=A] ol 4= it

PID-control®] Aol IS H7] gt P& P,
Pl-control® ZA$Ad & 44 #=s 07, 1.0, 1.2
m’/min®& A3}, Table 13} Table 29] Alo] A% 3=
< A& 3l=% 3tk

Fig. 99 Ax2 B 94 Pl-control®] 792} H]S=3t o
&g Holal glonyt Lol w} Pl-control o] & 4= §I%W
s FARE0] TSIl Pl-control®] -2t o L2 Ao
Z2IE Hol7] okl Q= SIS HlolHY o &9 Al
TR 7149 o2t EFdet Hzol & =l o= ¢l
gk oo Tk ghee] & HIlE Hol= %% PID-control©]

30 4

—— Ziegler-Nichols tuning
Cohen-Coon tuning

25

20

Flow rate (m*min)
o

of ARG
10 -l i-/‘\vﬁ:;’-‘ AN
e T e
0541
00 T T T d
0 20 40 60 80

Time (sec)
Fig, 9 Result of PID control of set point changes by Ziegler—
Nichols & Cohen—Coon tuning
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