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Abstract

Most mathematical model representing processes exploited in industries is a real-time first order plus dead-
time system generally done by using PID controller by adjusting its gain following Ziegler-Nichols or Chien-Hrones-
Reswick, for instance. This article presents an application of WinFACT and Board ESP-32 to create a real-time first
order plus dead-time system as a testing process of the control system with PID controller with hardware in the loop
functional system at 0.02-second sampling time. The experiment has been completed with 2 different approaches: 1) HIL —
with PID controller in analogue control system and 2) Computer Simulation — with PID controller simulated by WinFACT.
With Chien-Hrones-Reswick approach in adjusting gain, the proposed real-time first order plus dead-time system, in
which the time constant and dead time are both at 4.3 seconds. The study resulted in no significant difference in both
shape and size with not exceeding 5% different.
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Figure 1 a closed loop controller with HIL technique
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Figure 2 a configuration of ESP-32 on WinFACT

AIAILANN bR
o Ay oA ~ Y o - o ~ A
FomauANA leALHa e LLLIBI WA HaNN19189N 1985 N ATy U B FWAAIANNI9T 1 uaviiasie

(7

LUUAYNTN AzHaNN19909N19a519ATY U ULeN WA AYANNTST 2 LHB U, (t), U, (t) AedTyty B unauas

LRVFNARINATAL
t
o (1) = (K, *u;(0) + Kijui(t)dt +(Kq *(du; (0)/dt)) (1)
0
t

1
U () = K, | U ®) +f_([ui (t)dt +T, *(dlu; (t)/dlt) 2)

nsUSuUANA RS TRNEAIEUANLNAH CHR (Chien, Hrones and Reswick)

Chien, Hrones and Reswick (CHR) (83361, 2561) ”Lﬁ”mu@LLumemiﬂi”um'a"mwmmmﬁqmuqu
Ay A o ~ A a o Y a o Y v a o
WlaAaamnen 1 WaRansuannzdyiuarsdaiunanuazlisesnisldnanauauaaianisunds An
o o Y A Y ~ P " e
famwmmmmmuquw"lfamﬂ%ﬁ‘luummmuim@’mmmw 1 WansuAAawlI89NTTLAUNIFAN

HARUAWBIULLTUIBINIZLAUNNT ANgUT 3 uananismansiouls a, L uaz T



N9UsegaReNI9sALTIA Nnanadamnaulat s INIAag2990UY)

a

=
N ANN 5

v
o

Table 1 Controller gains obtained from CHR method with set point regulation with 0% overshoot

Controllers parameters Calculated parameters
P K,=03/a K, =03
P K,=0.35/a K, =0.35
T, =1.2*T T, =5.16
PID Kp,=06/a Kp=0.6
T, =T T, =43
T, =0.5*L T, =215
1.0 7 /_4-—-—-— ‘ .
L~
0.5 / ]r:p‘\]tnlnasrs | 2 850456 | ar: [s5er73 | I
Voltage // v1; [0.00000 | va: [0&at68 | av: [neates
®) L=43 / T= 4'3] ]:‘“ituluaws | r2: [050458 | ar: [e54779 |
0.0 = v1: [0.00000 | va: [0.60771 | av: [0s0771 |
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Figure 3 CHR step response method with parameters
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Figure 4 Computer simulation of a feedback control loop
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Figure 5 Computer simulation and hardware in the loop on WinFACT
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Figure 7 Step response of P controller

T T
70 80
Time (sec)



v
a o

N9UsrgaRTINIIsALTnR unnangaamaTuladsnTanagassint Afn 5

1.5

Voltage (V)

’ esp-32
L e sim.
0.0 T 1 r 1 r 1 r 1 r 1 r T T T T T
0 10 20 30 40 50 60 70 80 90
Time (sec)
Figure 8 Step response of Pl controller
15
Voltage (V)
1.0 ekt e i = ——
0.5
esp-32
————— sim.
0.0 T T T T T T T
30 40 50 60 70 80 90
Time (sec)

Figure 9 Step response of PID controller
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