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Abstract

Variable speed control of three-phase induction motors using inverters is widely
implemented in diverse industrial applications, leading to notable advancements in
efficiency for conveyor belt systems. This control mechanism enables precise handling
of materials, thereby enhancing operational effectiveness in industrial settings.
Additionally, it facilitates seamless adaptation to varying production requirements,
ensuring accurate control and maintenance of rotational speed for tasks that demand
high precision, such as conveyor systems, water pumping systems, and production
machine tools. Furthermore, fans and blowers also derive benefits from this speed
control system. This paper introduces a feedback control system developed on the
ESP32 microcontroller, which interfaces with an inverter to achieve precise speed
control of three-phase induction motors. The Pl and PID controller parameters were
determined utilizing the Ziegler-Nichols method. To effectively mitigate speed noise,
a low-pass filter and a low-pass filter cascade with a Kalman filter were employed. The
motor shaft speed is directly measured using an encoder, converted to RPM, and
subsequently subjected to the noise filter and controller. The motor speed control
signal is an analog signal ranging from 4-20 mA. The test results successfully
demonstrate the integration of the low-pass filter cascade with the Kalman filter,
alongside the Pl and PID controllers, ensuring that the control system operates within
acceptable limits. Furthermore, both the low-pass filter and PID controller exhibit the
shortest rise time.
Keywords: Kalman filter, Pl and PID controller, Three-phase induction motor, Speed

control system, Inverter
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NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdun 3 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 394

Hrvguiledgniluldnueganiwinsdunsusunssiulaiiud sauddmsu
vawesluflaiduvaamasng (Error) sewinsanauEulming (Setpoint) wazAAIuSTTald
AanruAuiloAUsENaUAIY 3 @9 AB AIRIUANAINERAEIU (P) AIAIUANUSHUS (1) Las
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(Korsane et al., 2018) nsAnwid3euifisuszninamsliamunuuazaiuauAusILewmes
milsnhaamadiesnuauitledfie MATLAB Simulink (Mishra et al., 2018) M15AIUAL
anuswesuainesmdenhammalagldrnsulasiunuuuiaduasimuruuuuitled
28 MATLAB Simulink (Hartono et al., 2019) mamuammmﬁwawama%mﬁmﬂwmmﬂa
mefauauiileflagly Simulink (Akpama et al., 2020)
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3. A HUUIY
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dyanumunuiisanandimun (u(t) szeglusuveaussiullin 0 - 3.3 Taad azgnudas
Thdunszualudin 4 - 20 faduend Yewdrdunefinesifierruauaiuiiisey (Ns) ves
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M19197 1 W5TmesUSulsieAdnTneefinIuaNmeTsTinaes-tlaad (Wade, 2004)

controller K. K; Ky
p z 0 0
0
Pl 09~ K¢ 0
0 6/0.3
PID 125 K. 0.50K,
o 20

3.2 N1T9NUUUFINTDY ”iy,iywmuwmamu

AansosdyarauuA1anIL (Kalman filter) ludunauisnisadamansy bd

=

Uszanaanaausuasssuunadn degninluldauegnaninewing (Elahi, 2021) Iagfansan

Y
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anugvesTyUULloUszInuM s ug ey Suilvingauiian dansesdyaauuunianu
Muean1uedagiiuvesssuunign1sussuiuaaInan uenountn (Previous state) hag
FAVUNATRUDITLUU (System’s dynamic model) T,maﬁﬂﬁaé’amamuquﬁgﬂﬁﬁmzw
dnuasUseananisanuliduiueuvioauduiusvesaougiviiune L
miﬁﬂmﬁiﬁi’fﬁaﬂsaaﬁaujzywmwmwamuﬁa%ﬁagaLLazLU%ULﬁwmamaUﬁuaa
FAR1NN15NTIF YU UNANOUALDIRSIVBINTZUIUNTT fawandlunnd ¢ Tagld
laus3aasnudniueqeludaimunlag Fetick (2019) fuuuuigiianiug (state space
model) Uszanauenldainaunisd (3) uazaunisiendnm (output equation) Aualléain

AN (4)

xk == Axk_l + Buk + qk (3)
Yk = ka + Tk

£

(3 a

e x Wunnmesaniuy (State vector) Tag# k=1,2,3,..n A Duunsndild ou

[

@n1ug (State transition matrix) B L1Jwun3nddunn usdunnmesdune g 1Judayyiu

q g

sunuszuy y Wuedns C luwesndiondnm uay n \Judyginsuniunsin

q

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdun 3 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 398

noise noise

CY
— plant —»O—»

filter |—p»

[
-

i 4 1assasisinsesdyeanuuaianiu (Gaeid, 2013)

ASLUIUNISVBIHINTBIAIANIUN 2 TUMBU AB N1SUSTUAN (Prediction) Aae
qunsi (5) wag (6) karn1suiluan (Correction) Au@un1sA (7) 19 (9) (Kumar & Murthy,

2015; Boonsing and Kaewpradit, 2021)

X, = AX;_1 + Buy (5)
P, = AP,_1AT +Q 6)
K, = X; + Ky (z,, — CXy) (7)
X = PL.CT(CP,CT + R)7! (8)
P, =({—-K,O)P, (9)

dlo X~ Jumiaianisal (Prediction) veannwasaniuy X 1uAiuszuna
(Estimation) waannwesaaiuz P iluaiainnisalanuwdsusivvesanudanatn P
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Suneswmesildlunismaaauwuia 0.75 Alatad wseiulwihanala 200-230 Thas
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process
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step input Viol veepr gear
> i inverter [#| induction [ »
signal converter i box
i motor
time Interval
low pass ) timer durin

gear speed ] P 4— rpm calculation [— ¢l encoder

filter rising edege of
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) ESP32 microcontroller .
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4. Nan1538
4.1 AaUTTOULVITLUUAIUAY

nsneaeuLieUssiliuanssausinsesdyauiudimuauiile (P) waziiled (PID)
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[V Y]
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vosdal (Q) Lazlum3ngvoInIANLUTUTINYId Y IUTUNIUNITIA (R) Al

0= [0.0001 0 ] -
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049 O
R = (12)
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process
r(t) e(t) u(t) three phase y(t)
Vitol . ) . gear
B — controller — converter — inverter | induction [ box >
- : motor
- time Interval
Kalman low pass rpm timer during
d -
filter filter Bl calculation rising edge of encoder
pulse
ESP32 microcontroller
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T 60
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-
o 40
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I
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--------- S —PILF ——PILFKF — PID LF ——PID LFKF
0
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time (s)
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[

AansesdaaauUN AR A1 (LF) asissuumunuldnaneuauewiadyayin

g

o v

untduutudule (Rise time) Haen319UnsUAINTRIFUYINMUUHIUAMNAFIAUAINTDY

o

dygramuuaianiu (LFKF) Tunis@inerfivseiliuaainauausssodyyiuiiing oy

o

Jutulasgninerdosay 10 83 90 vasausfinanies (Gear speed) vuzagluaniug

A (Steady state)
v & a a Vo A a
A1SeyarvatednniguiunitAdimung (% Overshoot) HANTUNTINANBUAUDS
YDITLUUNY 4 WUU S9N 8 Aeauni1sit (13) TagAInsiunuldn Aanasimanies
1 S d' 1 I a ¥ 1 < v
gunImsensuiiiay (Fluctuate) eglunseuliiifiusoesar 5 vesmarusudmuny ey
Ao P Y o | A o ~ \ 2
nstiiiAuauilefufinTesdya I aumuuRIuAudan (PLLF) 9880151N39U839A1315950U
11NN eLay 5 nasnlian J9kdainnsaussiuAIa noUaUe IR od Uy aduLgN

= A 1

wuududula (N/A) wazainaiawad euanawdimune (Settling time) FeiAndusiud

1 [ 1% ¥ Y A o ] LYY o a A
pg19lsAmulusuvesnisiuldauy AIAIUAUVNNINIUIINNUAINTDIEEYEYEUDN 3 LUU AB

a

PI_FLKF PID_LF uag PID_LFKF IWaussaugvesnisaivaueginaaifieausule lag
AamuauiilafNvinuIniufinsosdyIMLUUHIUANAM ITETIUEYDINITAIUANNA
Naad1msusruunUsenautulunis@nudl naniae Tdiainevaussodyyiaiiingd

wUUTUUULA 2.85 FUNT taziatnaIAeauaINANd ML 4.17 Ui

peak—setpoint

%overshoot = : X 100% (13)
setpoint
GI’]'i’]\‘l‘I?i 2 ﬂuiiﬂu%%@ﬂi%UUﬂ’JUﬂm
rise time maximum settling time
controller filter

(s) overshoot (%) (s)

Pl LF N/A >5 o0

LFKF 3.21 <5 473

PID LF 2.85 <5 a4.17

LFKF 3.07 <5 4.21

4.2 nanovausnanIsildsukUaalmune
NIINAFOURINANBUAUDIF BN15LUA sulUasA Lt 1uune (Set point tracking)
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Wasuasmudatmmenuuuintuazanas Aauduimnesasursaluds
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5. 9AUs180NaN153Y
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~ o ° v 2 A A fa | v | <
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= v a i ¢ a ) Py < A A a1 '
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NTZLANTIAIY MATLAB/SImulink 7 @130150WNUT AINTOIF YYIULUUNIUAIINEA A7
AefInsosdygrauuatauule Tnefidauisaandygiusuniulaziiuuszansam
Tunsmevauasls (Boonsing & Kaewpradit, 2021)
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1 v 1 a 1 a a o U % 1 QA‘ ° a1
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o o v Y 19 ! 2 o o o ! =
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