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Absiract: Thiz paper dercribes the design and practical implemeniaiion of peed controlier for $-phase mduchion motor bazed on A Tmega
2560 microcontrolier. Based on the theoretical analynz of the mduction moetor, are degfined the requirements that the conroller show!d sanz-
J them. Then, based on the specificity of the selected controlier, the operating made gf the ATmega 2560 controller & designed. The speci-
Jiciry of thiz selution &5 that the driver circuir, which & conmected berwesn the contmoller and the movor, i realized with an ingeiligens power
coniroiler. Finally, the resuits af the practical work g this moetor contreller are given.
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I. Inreduciton

In modem industrial power plants the tendency is to use nduc-
tion motors conmolled by VIF convertsrs. The main reason for this
in terms of the motor is the advantage which offered by induction
motors, primarily in terms of DT mators, and in terms of the con-
verter is the need io regulate the speed of the mofor and thus its
power. This ensures that the metor nimns at the speed and power
required by the aperading process [1]. [2]. [51. [4].

Thers are 3 mumber of methods of speed control of an mduciion
such as pole changing, fequency wvariation, vamable rotor resis-
tance, variable swafor voltage, constamt W/ commel ship recowvery
method efc. The constant Vi speed conirol method is the majorsty
penerally wsed. In this method. the Vi ratio = kept comstant which
in tom mamiams the magnetzing flux constant so that the maxi-
mum forgoe remams unchanged. Thus, the modor is totally utlized
in this methad [5], [8].

In this paper, the main emphasis &5 on the work of the microcon-
tmaller and the drver's circwit, ie power converter. The microoon-
troller gensrates a 3-phase SPWM ziznal that provides VIF opera-
tiom of the mator [7]. In the paper, the power converter is realized in
an inteprated techmiqus, so-called intelligent power module (TEM).

2 SPWM Microconmoller and Imtelligent Power
Module

(Fuided by the mam goal of the paper, implemenfaton of the mi-
cecontroller in generating SPWM sigrals and realization of the
converter with intellizent power module (TEM), here will be ex-
plained the funcdoning of these thoee mierconnecisd panis, ie
SPWM, microcontroller and IPM.

In the Fig 1 is shown a block diagram on 3-phass motor which is
conrolled by microconirollar.
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Fig. I Biock diagram on 3-phate metor controlled &y microcon-
froliar.
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2.1 SPWM signal

Here we take a look over the concepes of SFAM siznal which is
a width modulated siznal but with centain vahies on such a way that
we could create a sine shape wave at the eotput. This with wsed oo
MOSFET ar IGET mansistars conld result in a sine wave imverter.

It &5 penerally known that PIWM siemal is pulse width modula-
tion. That means we modulate the width of a sguare sizpal and by
that we conld conmol power. But, this width in case of pormal
PFWM iz always the zame. In case of SPWM or simuseddal pulse
width modulatson, the width of the signal is increasing and decreas-
ing and poy that simolating the carve of the sine wave, With small
width pulse. the ourput will increase a little bit and that represents
the zone after the O cross of the sine wave. Then with bigzer widths,
the carpur is getting bigger and bigger and then it starts o pet lower,
just as a sine wave. Using two transistors switching, can conld get
both the positve and negative sides of the sins wave, Fig. 2.

Fig 1 Comsrucon of SPWM sigmal.

In the Fiz. 3 below can see a bit befter how the width of the

SPWM can create a good simusoidal shape at the owiput. Will nze

the microcenooller o generate this SPWM sipmal We apply this

sipmal to the meellient power module driver. These will be con-

nected to the motor. In the Fig 3 is shown SPWM signal and the
ourrent and voltage waveforms of the merter.
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Fig. 3 SPWM signal and the carment and volizge wavgirms of the
motoT.
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2.2 Mierecommroller

The main tazk of the microconoller is to penerate SPWM sig-
nals [£]. Because the metor is three-phase, the conaller needs to
EEnemats (W asvimetric gutputs for each phase 5o micrecontrallar
needs generate three phase SPWM sigmals. These sipmals will be
connectad o the Inputs of the intellizent power Converter.

Becauss Ammepa 325F microconmollsr en arduino ame board has
thres timers and ooe of them is wsed for interrapt it can not be wsed.
Therefore here i3 nsed an Atmega 2380 microcontroller embedded
on ardnine mega beard Ardumo meza 3560 board have five timers
and 15 PWM capable pins [9). The basic fearares of thizs controller
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In Fig. 4 11 shown micraconirolle Atmegal 160, uzed M arduimg
mega board.
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Fig 4 Microcontroller Ammega 2560 used in arduimo mega board.

To solve our fazk, genemafing three SPWM sigmals requires
knowledee of the microcontroller timers. So we'l see the corre-
]mm:lmgbehm timers and pins:
-Timer J-pin 4 (DJC0B) and pin 13{0004)
-Timer 1-pin 11{0C1A) and pin 12{0C1E)
-Timer 2-pin 9(DCIR) and pin 1OC2A)
-Timer 3-pin 2(DC3B), pin }{OC3C) and pin F{0C3A)
-Timer £-pin §{DC44), pin 7({DC48) and pim 3(0DC40)
-Timer 5-pin 44(0C5C), pin 45(0C5E) and pin 46(0C354)

Timer 1 is used for , Timer § for first phase, Timer 2 for the second
phase and Timer 3 for the third phase with OCxA for posiive half
doty cycle and OCxE for the pegative half duiy cycle like in the
Fiz 3[10].

Fig. 5 Comditton of the registers OCxd and OCxB x =0, 2, 3l om
pinz 13,10, fand 4, 8, 2.

If for 180 degresswe hawe 304 elements, for 120 degress we
have 209 elements so the second sigmal mmest start when the Grst is
at 204 polse and the third most s@rt when the second is ar 208
pulse

5o, when the program stares, the intermupt is enabled and first i
exerured the frs sigmal pant (with element 7). When i mke te 208
value the second signal is emabled (with element j). When j rakes
the 200 vahe the third sigmal is enabled In this way these thres
sipmals are at 120 degrees phase shift.

To ensume the phase shift we use an “if” fmction and for the
second wave 1s liks below:

“if (==109) I
QOEl=1."

When “T" has 200th value the “if” function is enabled and every-
thing mn it is executed. To manfam the execution of that part for the
second signal after the value of 1(209) is chanped we use a vanable
which enables the “if” function continoeuasty.

For the third siznal the if fancten i3 ke halow:

“if (=209 | QEI=1){
QOE3=1"

In thiz case, the third sipmal iz enabled when )7 (the element for
the second siznal) has the 209th value. After that, the “if " funcrion
is executed liks for the second sizmal.

The waveforms that illustrate the last explanation will be Ziven
below in the text.

OK1=1)}{

2.2 Invelligeny Power Module Driver

In power elecmomics, m recent decades, usnally in contelling of
the motor (pot ooly induction bat also DC motors), the connection
lretwesn the contmolling part (io the case is m.u:mcunu'ulJErj and the
motor has besn realized with a discreet dnwver circuit and power
bridge comverter realized with MOSFET or IGBT transistors [11].
Ope such sohsion is shown in the Fig. 4.
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Fig.6 Contreiigr with discreer driver circuit and bridee con-
VeTTaT.

In recent years, the direction of development and application of
infellizent controllers has been practced pof only for conmral elec-
tromics bar also for the dmwer circuit [12]. Thess mielligent power
contmollers consist of a driver ciroult and a bridge convensr. In this



way the hardware construcdon of the device is facilitated and the
protection functions are improved.

In the Fig. 7 is shown motor speed controller controlled with mi-
crocontroller and mtellizent power module.
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Fig. 7 Motor conzroiler controlied with microcontroiier and in-
wliigens power moduie.

3. Design of Speed Regulator

To desizn the task in the paper we use microcontroller Amega
2560 in ardumo mega board and monolithic intelligent motor con-
troller MC3PHAC (product of Motorola) embedded in intellizent
power module TM35 [12].

MC3PHAC is designed specifically to meet the requirements for
low-cost, variable-speed, 3-phase ac meotor control systems. The
device 15 adaptable and confizurable, based on its environment. It
contains all of the active functions requirsd to implement the con-
trol portion of an open loop, 3-phase ac motor dnve One of the
unique aspects of this device is that although it is adaptable and
configurable based on its environment. it does not require any soft-
ware development. This makes the MC3PHAC a perfect fit for
customer applications requiring ac motor control but with imited or
no software resources avatlable The device faatures are:

* Volts-per-Henz speed control

* Digmal signal processing (DSP) fltening to enhance speed sta-

* 32-bit calculations for hizh-precision operation

* Internet enabled

* No user software development required for operation

* §-output pulse-width modulator (PTWM)
* 3-phase waveform generation
* 2-channe! analog-to-digital converter (ADC)

* User confizurable for standalone or hostad operation

* Dynamic bus ripple cancellation

* Selectable PWM polariry and frequency

» Selectable 50/60 Hz base fraquency

* Phase-lock loop (PLL) basad system oscillator

* Senal communications interface (SCI)

* Low-power supply voltage detection circuit.

Includad in the MC3PHAC are protective features consisting of
dc bus voltage monstoring and a system fault input that will imme-
diately disable the PWM module upon detection of a system fault

Some target applications for the MC3PHAC mciude:

* Low horsspower HVAC motors

* Home appliances

* Commercial laundry and dishwashers

* Process control

* Pumps and fans.

In the Fig. 8 is shown the block diagram of IPM TM33 with built
motor controller MC3PHAC, and on the Fig 9 is shown the appear-
ance of real IPM TM35.

"MACHINES. TECHNOLOGIES. MATERIALS" issue £/2020

) S v
[ l ﬁ. Ar ‘r- sl
i I i s L& LA & veow
) . B - - -
¥ i : E t—
e [ -~ -~ - -
‘I‘ }f_A‘ALA A
- y § ¥ o
l I 1 !
s v
oy e —
gy
ol - s
—SBENN o] W ) g
i - PO
e ‘—1 Ly
! g vl
Fig. 8 Biock diagram gf IPM TM35 with busit motor controiier
MC3PHAC.

Fig. 9 Appearance of real IPM T35,
In the Fig. 10 is shown block diagram on speed motor regulator
based of microcontroller Amega 2560 and intellizent power mod-
ule T™ 35.

i
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Fig. 10 Biock diagram on speed motor regulator based gf micro-

controiier Armega 2560 and inseiligent power module TM 335.

From the Fiz 10 can be see that is used LCD display 200< on
which the modes of operation of the regulator are visualized.

4. Experimental results

In the Fig. 11 is shown experimentally test the circuit of motor
speed regulator.

Fxg u anmmmaxb test the corcuit quozow speed regulator.
In the Fig. 12 are shown wavgforms on the P signais from the
microcontroiier for SPWM frequency (switching fregquency) 4 kHz
and motor frequency 19 Hz.
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Fig 1} Wavgforms an thel PWWA siemals from the microcenmrailer:
a.) PWM signals on phase u pin 4 (chame! 1) and pin 13 (chamna!
2}, b)) SPWM signals on phase  pin 4 (chanme! I} and phaze v pin
B fchanmel 2), ¢ ) SPWM sienals om phase v pin 9 fchannel 1) and

phase w pin 2 (chanmel 2), Chl = 2 Fidiv, Ch2 = 2 Fidh,
e = 2 mEidh.

From the Fiz. 12 a.) can be seen that the PAM =iznals en ope phase

(in case phase u) are shifted by 180" and that there is a dead befween

the filling and the rsing edze of the siznals. From Fig. 12 b.) and

Fizg 12 c) cam be seen that SPWM siznals on phase u pim 4 (chan-

nel 1) and phase v pin @ (channel 2} are sheffed by 1207, and SPWM

sigmals on phase v pin & (channel 1) and phase w pin 2 (channel T)

are alzo shifted by 1207

In the Fig. 13 iz shown waveforms on SPWM signals on phase
pio 4 (channe] 1) and phase v pin 9 (chapnel 1) for illostration en
the 5PWM switching (] = 2 kHz) and motor Segoency (= 50 Hz).

Fig. 13 Wavgforms an SPIFAS signair on phate ¥ pim 4 {chammed 1)
and phase v pm 9 fohanmed 2 for illusoration on the SPWM neirch-
mg (i, = 4 kHz) and motor freguancy (i = 30 Hz).

From the Fig 13 cap be seen that SPWM switching frequency is
fo=4kHz (T, =250 p5), and motor frequency in case is maximal
F=30Hz (T=20m5). The mumber of 5PWM pulsss per half-
period is 40, SPWM sigpals with such waveforms will provids
phasze voltages to the modor displaced by 1207

(O the channel | in the Fig. 14 &5 shown waveform of the phase
voltage u. and of the chamnel I iz shown waveform of the phase
vaolfage v for motor e ]

Fag. 14 Wengform of iine voltzge: on the chanme! [ & the phase volioee
u, ang an S chane s de phase voltage v fbr mator fraguency
FOEE, Chl =100 Frdhy, Chl = 1001, rme = 4 m3dv.

In Table I are given dates for effective values of the phase valtaze
of the metor e for diferent motor Seguency 1

Table I: Effective vaiues of phase mator voitage Ugfbr differant

moror " freguency.
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In the Fig. 15 &5 shown the ratdo of the effective value of the
phaza voltage of the motor and the metor fequency (D) obtained
oy measuring on the developed prototyps of the speed moter regala-
tar.
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Fig. 15 Ratie ¢f the gffective vaiug of the phase veltage o the motor
and the mator frequancy (Ued) obrained by measuring on the de-
veioped protadpe of the speed motar regulator.

From the dates in Table I and the Fig. 15 can be ssen that the ratio
of the effectdve value of the phase volage to the motor and the fe-
quency (LD 5 mamtained constant by applying the selution in
the paper. Maintaming a constant ratio L means that the flux ie
the moment of the mofor is constant

5. Conclusion

In this paper is design and practically realized W/F speed repula-
tor for 3-phase indocton motor bassd on microcontoller. The
specificity of the selufion in the paper is the use of an infellizent
power moduls for the powsr conversr. Experimental results from
the operation of the desipmed modor speed regulator show that it
provides operation of the motor with a constant WVF rago. This
maintains the constant flux ie. the moment of the modor.
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