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INTRODUCTION

Frevious Mcrochip authors (Farekh and Yedamals|
have deaoibed e implementaton of 2 3-phaze AC
induction motor  (ACIM) contrgl with  PICmiono®
devices. The first application note (ANE43) detailed
A M controd with the PIC18F452. More recenty, AC K
conwyd has been implemented with the PICIGFTLT
tamily of devices [AMERDS).

This agplicaion nole describes how the PIC1SF4431
may b2 used o contid an ACIM usng open and
doaed-loop VA conrol swateges. The applicaion code
iz bull mcrementally and demonsiraies e lollowing
oonird maias !

1. Vdtage-freguency (Vi) coninol
2. Vdtage-frequency control with cumment fesdoack

3. Voltage-fequency confol wath velocity feedmack
and PID control

The FICI8F4431 incorporates 2 set of novaive
penpherala, desgned egpedally for modor contiol
applicationa. The uility of these penpherals is demon-
giraled im both opan and closed-loop wee-phase
A M motor applicatons.

It iz aazsumed that the reader ia already tamiliar with the
theory and nomenclaure of AC inductionmotors. For an
excelent imroducion 1o the basic cancepts of iImduciion
motoss confgl, please refer 1o Mimochip's application
mate  ANGET, “AD Inobcton Mofor Fundamenials®
[ CSO0EAET).

USING THE PIC18F4431 FOR MOTOR
CONTROL

Bedore geting into actual confrol apdicatons, we
should undsrstand what distinguishes the PIC18F 4431
fram ofher Moroohip devices used for motor conirol.
The core i3 & et of unique perpherals that smplity
extemal hardware requiremenis and also enable
higher levels of motor condrol capability fhan the
FIC18F452 or PICIGFTXT.

The three penipherals and their feaures ane;

1. Powser Control PWRM (FOCPWM) module:
= Up o & ouiput chanmeis
= Comglimentary PWM outputs
= Two hardwane Fault protection inputs
= Pk rescluion upto 14 b
Edge-aligned or center-aligned operation
Flexiple dead ime
= Simultameous updale of duty cycle and
period
2. Motion Fesdoack bModule [MFL), comprzed of
& CQuadrajure Encoder inferizce (QEI and an
Inpaut Capture madule (1C):
= Siandard quadrature encoder inpuis (QEA,
QEE and Imdex | (ZE)

= High and Low Reaghution Posifion
Meazurement mades (DEI)

= Wdodiy Measurement mode using Timers
[GE)

= |nermupt with confgurable priodity on eveni
detection (QE()

» Pulzs Widih Measurement and Period
Meazurement maodes (12]

» Edge and siale change capture [1C)

3. Hgh-Speed Analog-io-Digital Convener

[HEADC):

= Twoindependent sample-and-hold cincuita

= Simgle or multi-channel sslecion

= Sequential or Simulaneous Conversion
mades

* Four-word FIFD reault buffer with fexible
imenupia

Az we ghall see, each of hege features provides 3
cisting advaniage inimplementing more aophisficated
mator coniol applications.
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SYSTEM OVERVIEW

Motor Drive Requirements

Practcdly speaking, controd of 8 3-phaze AD induction
maior requines pulse-widih madulated conial of the aix
awiiches of 3 3-phase inverier bridge conmected 1o the
motor's statr waindings (Figure 1), The six swilchses
torm 3 pairs of “halt-badges”, whichcan be used tocon-
et fhe beg of &8 winding 1o e poative o e negalive
high-woltage DC bus.

Az shown in the fgure, two swiches on the same
“hal-bridge” must never be on amultansously, other-
wise the poative and negatve buses will be ahored
togedher. This condition would result in & desiucive
event known as “shoot-fwough”. § one awitch i on,
then the ofer must be off; thus, they are dhiven as
complementany pairs. 11 should alao be noled that the
gwiiching devices used in e hall-bridges (in this cass,
IGETs) often require more ime o tum off than o tum
on. For this reason, 3 minimum dead ime must be
inmered between the off and on time of oom plimentary
cha s

FIGURE 1:

I ARELS and ANSES, thees PWK auiputs were used o
drive & Jphase inverter bridge. Inthese cases, howsver,
itwas necessany 1o use extemal cirouity 1o generde e
compimentary conirol signal for e lowsr leg and inserd
e proper dead fime betwsen tem. For 3-phase
conied, what B ulimately nesded o dive a3 3-phase
bricdge i thvee pais o complementary PWM outputs,
with dead time between e complimeniary channels.

Hardware Overview

The motor controd applicaions described i fhis
documend were developsd and lested on a produdiion
modd of Miorgchip's PICDEM™ MC Development
Board. While the application software has been
diegigned with the platiorm s conirgl and communica-
fon requirsments m mnd, e conindl  Meihods
discusaed are applicable to any 3-phase ACIM conirol
application based on the PIC 18F4431.

Far a complete desaiption of e board and its capakbil-
ites a3 a development tool, please reder to the Users
Guide for #he PICDEM MC  Development Board
[DE514534). To give the reader 8 more clear idea of
the hardwarne plationm, a bef overview and adhematica
of fhe board are prosdiced in Appendixn A: “PICDEM™
MC Board Overview".

A 3-PHASE INVERTER BRIDGE DRIVEM WITH & PWM INFUTS
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OVERVIEW OF CONTROL
STRATEGIES

Open Loop Vi Contral

AC imduction molors are often operated im open loop
with mo velocity or position feedoads. The VA ratio ia
maintained conatani o provide 8 constant (maximum)|
tanque over the operating ranges . This foem of control ia
relatvely inexpenaive and sasy o implement. Fesed-
back fom e rofor 2 ot utilzed and e rolor is
assumed 1o follow the rodating fux generated i the
gtator, with a cerain amount of slip present depending
o the load.

To deive an AD induction motor, the 3-phase inverier
bricge i3 deiven by a microcontnaller’s PW M cutputs, as
ghown in Fgure 2. By dhanging the PWh duty cydes
im & regular manner, e PWM outputs are modulated
to syniheaize sinusoidal wavetonms (thees-phasze AC)
amoss the thiee motor windings (Fgure 3).

AC s applied 1o the fhres siator windngs a8 these
anuaoidal cumrenita, equal in ampifude and frequency,
bt odfzet from each other by 120 degreea. Az a reault,
ihe cument im the alair windings generalea a rolaing
magretic fsld. This rotating feld nduces sleciromative
tarce im the rotor, which in fum produces 8 magneic
field im #e rofor that attempis to align with e rodating
magnetic field in fhe aigior. Thia causea the roior to
rotate. See ANSET, “AC hduction Motor Fundamentals®
(DE0ERT), for more dedails on induction mator
conEruction and operaling charactenistics.

The opsration of am ACIM s goveaned by two

prinaples:

1. Base apeed i3 direcly proporfonsl o the
fregquancy of the allemating cumment applded 1o
the stator and the numbsr of poles of the motor

2. Torgque is directly proporional 1o e ratio of
applied voliage and the frequency of the applied
AL cument.

Ther dlore, spead can e controlied by varying tha nput
trequancy of e applied altemaing current and forgue
can b= mainizined constant by vaning the ampliiuds in
direct propodion 1o the frequency. These are e two
basc aima of open-ioop Vi control.

FIGURE 2: OPEMN-LOOP Wi CONTROL
BLOCK DIAGRAM
Spead
Hialaran oa
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FIGURE :3: SYNTHESIS OF 3-PHASE SIME WAVE
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Vif Comtrol with Current Feedback

A disadvantage o opendoop W control s that the
maior can aiall if the spesd is ramped up too quickly o
the load otheraize changes rapidy. Without some foom
of teedback, i1 ia impossible fo detect wheihar the
maior ia fuming a3 expacted, or if it is stalled.

A gtall causes high cuments and the molor lose s ongue.
By monitonng current, excessive dip can be delecied,
and fhe mator freguency can be adguated downw and
accordngly. A high-cureni condifion may also be
caused by 8 malluncion of the inverer badgs. If a
high-curmeni conation perasis, e anve should e shud
diowan o prevent modor overheating or ofher damage.

A conceptual diagram s illustrated in Figure 5. The
gpead reference ia provicded by e user, inthis case via
& poteniomeier conmecied o an ADC channsl. The Vi
function im fimeare calculates fhe maximum PRI
duty cycle [ampliude) based upon e speed refer-
ence. The DO bus |bridge) cunrent s measured using a

shunt resis jor, which produces a voliage proporional 1o
the cumrenit thoough it This woltage ia amglified and
compansd with an exiemal comparatorn o a relerence
l=wd #hal comesponds 1o the maximum allowabls bus
currant. The comparaton output dives the Fault A ingut
of the PIC18F4431. Hf the Fault signal is assered, the
Pk ouiput is inhibited for the dollowing PW R perniod.

To detedt a pergistent overcunent condifon, the numibss
aof 9mes the Fault signal is assered i3 monitored in
frmware. For example, it the Fault soours more fhan 20
imes within e a2t 256 PWM cydes, the molor is
stopped and an overcumment condiion i indicated by
blinking an LED. [The thesshold numbsr of svens o
wgger the overcument Faull can be changsed in e
frmware.)

The shunt woliage can also be monitored by using an
ADS chanmel 1o detect inmeasing cumrent. This way,
comecive action can e aken by deaeasing the dive
trequency pelore the hardware Fault ia activaled.

FIGURE 4: CLOSED-LOOP Vi CONTROL WITH CURRENT FEEDB ACE
popasd el WiiFunclion ——=  PWH o -
i M ot g 4 Phas
Inveria
Cumant Cumen) Faadbac | Bridge
Fauly
Currant

Limi?

=

Vi Control with Velocity Feedback

Im open-loop Vi contral, he rodor is assumed o follow
ihe rotfaing flux generated in the siator with a cariain

degres of glip present depending upon e load. n
many applicationz, the load can vary widely and he
resulting modor speed will vary accomingly. To improve
gpead conitrd, 8 fomm of speed feednadk can be added,
A zimple implementation of closed-loop speed coniral is
illuswrated im Fgure 5. The retarence speed is stil sst by
a poleniometer, a5 above. Howsvar, instead of directly
usng fhe reference spesd fo delermine the dive
frequency, it is compared to the achual molor spesd o
gensrde 3 speed enor @gnal. Actual maolor gpesd s
estatlished by 3 spesd meassurement wih ather e

Cuadmiure Encodar Inferiace (QE) in'Velooty made, or
imput caplure of a tachomeder signal. n this parioular
applicaton, the Juadraiune Encoder Inferface is used.

The speed emor signal is then used a3 an input 1o a
Froporional- indegral (Pl) condrolles, which defermines
the desired dive frequency to the molor windings. The
standard VW process determines the ampliude of the
dirive wavetonm. The diive frequency and amplitude ane
then used fo update fhe PWW duty cydes of the ax
Pk channels that deive the thiee-phase bridge.

Cunent fesdoack may also be used concurrendy with
velopity feedback. For darity, @ i3 not shown in #his

Example.

FIGURE 5: CONCEPTUAL BLOCK MAGHRAM OF Vi CONTROL WITH VELOCITY FEEDBACGHE

Spead

Veloaity
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Flia e oo S
. W Function

Calculafion |
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FIRMWARE OVERVIEW

Im thiz section, we wil 322 in greater detail how the
ilvee conol approaches discussed abowve ars
implemenied im finmware. The frmeare swucture can
b= viewsd in the fow diagrams shown in Figures &
and T. Kesp inmind that these descipions apply o the
gpedic conirol applications wiffen for Miorochip's
FICDEM MC demonawaton board, pariculardy with
regands fo motor coniol and Fault display.

Initialization

The nitiglization rouline st the porl pine 1o the
desired states and infiglizes the penpherals. The
High-Speed ADC, Power Conirgl PWM, hardwars
Faull imputs and Ouadraure Encoder inleriace ars
inifalized according to fhe conirol siralegy thatis being
implemented [Le, VA, VA with current feedback, Vi
with cumrent and podition lesdback). imtialzaton of
ihese peripherals s discusssd indetail below.

Main Loop

The main loop (see Figure &) continuously dhecks
Fault status and for key activly. Faults are handed by
ihe Fauli serdce rouine; statusizindcaled by blinking
LED= 1 shwough 3.

Motor conrgl B handed by the key service rouins. Teo
push button switches taggle the motor beteesen Run and
Sop states and forward and reverse dirsclion When
awiiching directiona, the molor ia frst allowed fo coast
from its present angular veloaty 1o zes and then acosl-
eraled 1o the relerence speed inthe opposEie drecion
Thiz conrolled manna of changing direcions prevants
high-cument  trangents #hal ocould cause a Fault,
prosicied that the acceleration rae is sel approprately
for the moioe. i PID condrgl ia being uaed, some of fhe
FID funcions may b2 calculated in thi loop.

Key Activity Monitoring

SW1 and SW2 are monitored and debounced in firm-
ware. SW1 is used 1o oggle betwesn Run and Siop.
SW2 i3 used 1o toggle between forwarnd and reverss.
{Figure &}. Thiz iz a subrouting within the main oop.

Fault Signals

Thres Fault signals ane monitored: overcumment, over-
woltage and overlemperature. The overcumrend and
ovenoliage Fauliz use the hardware Faull inputs to
directly inhibdt the POPWM outputs on a cyde-by-cycle
base.

OVERCURRBEEMNT FAULT

A ahuni resiaion in e negative DO bus givea a voltage
proporional fo the cument flowing through the theee
motor phases . This voltage is amplified and com paned
with a3 relerence signal using an exiemal comparaton
O the PICDEM MO board, the rederence signal may
b= adpusted for 3 cument up fo 634 | fe DO bus
cunrant sgnal excesds the relerence level, the Faull A
pin iz diven low, imdicaing am overcumeni Fauli.
Channd A ia configured im Cycle-by-Cyele Fault mods.
If #he Faull coours more han 20 fmes in 256 PAM
cydes, fhen e moiy s sopped and an overcumment
Faultis imficated by blinking LED1.

OVERVOLTAGE FAULT

The DC bus wollage s atlenuated using a vollage
divider and comparsd with 8 fxed relerence signal
using an exiarnal comparaior. On the FICDEM BAC
oand, when umpss JF 5 s open, the overvoliags ia e
to 2000 om the DO bus. f umpsr JPS is shored, then
the owenvoliage limit is 400, The Fault B pinis used to
monitor the overvoltage condion. |t e Faull ooours
morz Tan 20 imes in 256 PWM cycles, the moior ia
stopped and an overvoliage Faull = indicated by
blinking LEDE.

OVERTEMPERATURE FALILT

The power module on the PICDEM MC board has 3
hegative Temperaure Cosflident (MTC) thermal sen-
sor that monitors the unction lemperaiure of the IGBTs.
ltgivesa 3.3V cutput for & 110°0 umction temperaiue.
The WNTC s conmected 1o ANES Swough an analog opto-
couder and ia confinuously measaured. If it exceads
B0PO, the motor 3 stopped and an overlemperature
Faultis imficated by blinking LEDS.

ISR Loop

The ISR lsop handes intemupts fiom the HSADG, Fault
imputs, OEl and ime-base intermupts for fwes-phasze
wavelonm syntheais and PID coniral loop.

AD Channel Conversion

AND, AW and AME are convered sequentally using
the high-apesd ADC. ANDIs used 10 measure the DO
bwa cumrent. AN ia uaed aa fhe input for the speed et
erente. ANE i3 wmed 1o measure the power module
pumction temperaiune jor detecting the overlemperature
Faul condiion.

@ 2004 Morachip Tedhnalogy no.
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FIGURE &

MAIN LOOP, FAULT AND CONTROL SERVICE ROUTINES
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FIGURE T: INTERRUPT SERVICE ROUTINE
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IMITIALLZING THE POWER CONTROL PWM
MODULE AND HARDWARE FAULT IMPUTS

The Powsr Control FW module ampifies the task of
driving 8 3-phase inverier badge by providng theee pairs
of complamentany FWK outputa, with dead Ime insered
bEetwsen complimentany channels. i also provides hard-
ware-based Faut inputs that are capable of shuting
chown the PWK cutputs completely ina Fault siualion.

To imidalize the FCFWE module:

1. Contfigure the PCPWH time bass:

a3l Select 3 PWM ime base postscale value of
1:1.

bl Select 3 PWM ime base prescale valus
imput of 11 (Fascid).

¢l Corfigure  the PAWM  ime bazs for
Free-Funning mode (for  edge-aligned
operaion).

2 Load the FTPERHFTFERL regizier pair to
oibtain a PWM frequency of 20 kHz. The valus 1o
b2 used depends on e conioller s clook
frequency; refar 1o the data shest 1o detlermine
ihe proper valus.

3. Configure the PCPWM output:

a} Enable PWO fwough PWS as cutputs.
bl Set e FWMW 1D pairs (PWMOA, 23 and
45} a5 complementary pairs.

4.  Configure the specal event tnigger:

&) St the apeaal even! trigger poatacaler 1o
1:1.

bl Corfigure the speaal event trigger 1o ooour
whan The ime base is couning upwands.

¢} Enable updsies from duty cycle and peniod
butter registers.

dif  Corfigure for asyndhronous ovemides from
e OVDCON register.

5. Configure the PCPWM dead tme:
a3} Select Fosy2 s the dead-time prescaler
bl Load DTOOM <510 with a dead-ime valus

to adhieve 3 2us dead fime. The aciual
value depends on the coninpllers clock
frequency; refer fo fhe daia shest fo
daie mmine the proper value.

6. Dizable the ouipui ovemdes on the PWM ping
by =sting bits POVD <510

7. Qear fhe gpecial duty cyde regisier pair
[SEVTCOMPH SEVT CMPL).

& (ear all of the reguiar PWM duty cycle regeier
pairs (FDCxH FDCxL) 10 st the duty cycles to 0.

4. Enable the PWM ime baze.

10. Emable PWHK Fault detection:

a} Enable both Fault A and Fault B

bl  Configure both Fault inguts fo disable PWK
chameais O fwouwgh 5.

¢l  Configure poth Faull inputa 1o operate in
Cyde-py-Cydie mode.

IMITIALIZING THE HIGH-SPEED ADC
MODULE

Thre 2 analog valuss are measured in this application:

= AR (DO bus cumrend)

= AN |potenticmeter input for the speed relerenta)

= AME [IGET uncion lemperaiune infhe inverier
module)

The high-spesd ADC incorporales several features,
zuch as Auvic-Conversion mode and a FIFD result
buffer, that reduce e frmware overhead assooaied
with monilonng multiple analog dhannels and enhance
ADC shroughput.

To initalize the HSADD maodule:

1. Corfigure ADC operaton:
8] Enable Coninuous Loop mods.
b} Enable Muli-Channel mode.

¢l Configure  aulo-conversion asguence 10
sample sequentially from Jroup A and
Group B.

df  Aszign VaEse and VEES- jo AVDD and
ANes, respectively.

2] Enable the FIFO buiter.

f)  Eslect the left-pstifed format for the AD
resull.

gl Es1 the AD acoguation time fo 12 Tao
[repuired for sequental convension).

h}  Eatthe AD convemion chodk 10 Foso3z
il Tum onthe ADG.
2. Corfigure intermupts and event Inggers:

al Sst e AD intemupt o be generated on
every 2nd and 4th write o e FIRD buter

bl  Disable extemnal ADC fnggers.

3. Configure input group sssigraments:
a8} Aszign AND 1o Group A. This will allemate

with ANE on every FIFD intemmupl.

b}  Aszign ANE 1o Group B.

4. Configurs RAD, RA1 and REZ as analog inpuis:
a)  Set e ANSELO<1 0= and AN SEL<:> bits.
b Set e TRISA 110> and TRISE<2» bita.

DE00900Apage 8
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IMITIALIEIMNG THE QUADRATURE ENCODER
INMTERFACE

‘When implementing clossd-loop VWi conrd, a form of
velocity feedback i requined. The Cuadraiune Encoder
Imeriace can be used i conguncion with Timers to
prosdde very accurale velocily feedoadk and direciion
infzamaton In Velocity Measursment mode, velooty
event pulses are generaled on each edge of the QEA
asgnal. Tmers counts upwand and its value is caplured
on each velodly pulse when if is resel fo zero. The
capiurad TimerSwvalue is atored in the \elocty regiaters
[(VELRHANELRL), which iz used by Wi conol with
Weoaty Fesdoack mode.

Ta enable velodaty measursmeni:

1. Corfigure fhe OE| moduls for Velocity mode
MEasursment:
a3} Enable Velooty mode (dear the VELM bit).

bl Setthe QEI medile mode to one of the 2%
capiure configurations.

gl Setthe pulse reductionratiofo 1:1.
2. Configurs Timers azthe QE| time baze:
a8} Diaable the TimerS speaal event Feset.
b} Enable Continuous O ount mode,
cf  Setthe input dock prescaler 1o 1:1.
d} Enable Synchronous Timer mode.
2} Enable the timer.
3. Enableths TimerSintermupt and set a5 low podarity

Vit CONTROL FIRMWARE

The heart of the AC M conirad i3 accomplished with the
FCPW peripheral operated in Complimentany mode.
The duty cycle of the three FIWM channels are changed
im 3 reqular mannea usng 2 Timend intenupt to
gsyniesize the thise-phase wavelorms that dive the
IO

A gine faple i3 stored in program memoey. | is rans-
tared to dats memony duning initalizaton for faster
aocess. Thise registers are used as oflsets 1o the able
through imdirect addressing. Each of the offsst valuss

EXAMPLE 1:

ACCESSING THE SINE TABLE THROUGH INDMRECT ADDRESSING

points 1o one of the values in the fable, such that there
is always a 1230-degres phase shift between the
phaszea. (Each of the waveiooma in Figure 3 s oreated
by an offzet regiater associated with s PWW) The
code sample im Example 1 shows how The fable is read
u=ng e indrect addregang regisien.

im #is application, the polentiomater determines the
target modor speed reference signal. Waveloom aynihe-
=4 i denicd for open-loop VA and VA wit velocity
teediback. The difference liea in how the motor dive
frequancy i generaled from e tangst fequency.
Depending upon the contol siralegy, the referance
sgnal from AN ia uaed in one of Two ways:

DRIVE FREEDUERCY CALCULATION FOR
DPEM-LOOP VA CONTROL

in iz mathod, e moor déve freguency i3 dinsctly
caloulated from fhe polentiom eler input. Speaicaly, the
upp=r byte of e AD Reault regiater ia divided by four 1o
give the 1anget dive frequendcy in Hz. Inthis application,
e farget speed has 8 ower boundary of 12 Hz and an
upper boundary of &0 Hz. The Wi funclon determines
e dive amplitude oomespondng 1o that regueancy.
Sincethe synchionous speed (im RFM) for an imduction
motor is 120 Jp, where p s the number of statar poles,
the farget dive speed (in RPW) can be drecty calcu-
latedas 30 fimes the value of ADRESH (120 divided by
tmes ADRESH divided by 4}, divided by p. For fhe
current applicaion, 8 maolor with two stalor poles is
assumed. This reduces 1o 8 mokor speed equal 10 15
times ADRESH.

EQUATION 1: CALCULATING DRIVE
FREQUEMNCY AMND SPEED

Drive Frequency:
g = (ADEESH )
(5 5 Far S 6601

Calculated Speed:
N, = (1204 * p) s (ADRESHM ) = (30 « ADRESHWp

UPDATE WM DUFTYWYOLES
BCVUE TRELE OFFSETL.W

WULWF  FREQUENCY

MOUFF  PRODEH, PDOH_TEND

MCOUFF  FRODL, PDOOL_TEND

BER UFTATE_ WG
PeM1_I8_0

MOVLE  0x032

HCUWF  FDCOL TEME

;Eivar updara DWML
;placa off@at for Civer ainae valua inWREG
HOVUE PLATSWD W susa tha valua in WRED as an offaar ©o FARDO
;FER0 pointa ©o baginning of aina tabla
;valua at f@ina_rabla < wabla_offgacl
;im copled te WREG
EZ PMLl_IS8 0O sehesk oo faa 1 walua ig 0
smultiply tha tabla valua times tha Cragquancy
joopyr tha rasult to the duty oyela reglastar

sooatinua on to updata M2
;IE tabla value i@ zars,

; maka tha duty=oyecla a arall non-zakEs waloa

jeontinuae on oo updara PR
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DRIVE FREQUERNCY CALCULATIONFOR VA
CONTROL WITH VELOCITY FEEDBACHK

The miaroconiroller uses the ADC measurement to cal-

CEI) from the tanget gpeed. The velooty emor is used
as aninput o the PID algonthm, which detemmines the
mgtor diive freguency. The Vit unclion detenmines the

oo res ponding dive amplijude.
culate the farget apeed. The apeed emor ia caloulated ™ A

by sublracting the acual speed {as measured by the

EQUATION 2: CALCULATING DRIVE FREQUEMNCY FROM VELOCITY ERROR
1. Calculate Actual Speed from QEI Velocity Mode:

_ Fasc

CJE edges per revaluian
Fomml = a

Walue af velosity negisker par

= g = 6l

s iTHY

where: £, 18 te aciual rotor speed (RPM) and 7, = the aciual rofor speed |(Hz)

2. Calculate Spead Emror:
Forroe = Wiawper % (1OKF = slip 00 = oy

where! f,,. is the target dive frequency [Hz, ;.. B the frequency emor and slip is the expected percent ip

3. Calculate Drive Frequency from PID Al gorithm:
.IL.il_i_:l;Kp.:-c..l'mu;l-rl;Ki.:-AE.I;_.,M;I-i-I;Kd'.:-:.I:_.I,':mr 'l;"““"r o

whers: Kp is the proportional gain
K13 the integral gain
Kd is the differential gain

ey 18 T2 cumulaive sum of frequency arors
[N — Immuﬂmnmmmeenm
current and immediaiely previous ime penod

PWM Waveiform Synthesis 3

The zinuscidal waveioom i created by conatandy
changing e PW duty cwcle for sach autput The
motor dive frequency determings how ofien the PN

The PWR duty cyde for a paricular phass is
calculated by muliplying the sne value from the
table by the updated motor diive frequency. The
16-bit product ia stored im the PDC register for
that phaze. Steps 2 and 3 are repealed for each

cuty qyde valuss are updaisd and fhus, The ireguency phase.
of te aynthesized waveionm. The peak-lo-peak dive
amplifude comesponds o e madmum PWK duty 4. I::gﬂ values are updated for the nest table

cyde, a3 this gensrales the maxmum voliags cutput of
sach hal-baidge of e inverer The duty oyde
cisie mmines the dive amplilucde a1 any given point in the
cyda.

The duty cyde update rate i@ =81 by modifyng the &
Timer) eload value This detenmines e inerval unl )
mexi Timerd owverfiow. The FWKM Duly Cyde (FDO)

regisiens o the thees PWM units are modified as follows:

1. When a Timer] interrupt oocurs, an updated

targetl dive frequency = determined by sither

Equaton 1 or Eguation 2 (depending on the

conwol method Deing used). a
2. The sine valus for each phase is read from the

@ne table, pointed 1o by the oftset value for that

phass.

£ ltthe direcion o rotalon is 1o be reversed, then
the offasta of two phases are swapped. The
affzets of Phase 1 and 2 are swappsed for this
purpoEs.

The TimenD reload valus s calculated based on
the updtated modor deive requency |Equation 3,
where §is the dive requency. In the cumment
vergion of irmware, e number of sne iable
enfri=s i3 52t at 19. The reload valus delermines
the walus at which the PWM duty cwcle ia
updaied.

The mew FWKM duty cyde values take efiect at
the baginning of the mest PW M penod. The duty
cyde delerminss the dive amplijude a1 any
given point im the cycle.

EQUATION 3: CALCULATING TIMERD RELOAD VALUE

Fase
4

Tamer} Reload Value = FFFFh = 5 o e s — 13 # Timert) prescaler value 5

DE009004 page 10 @20 Momdhip Tedmalagy na.
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PID CONTROL FIRMWARE

FID iz & well-bnown, commaonly used method of feed-
back conol. A3 seen im the PFID algoatm in
Equaton 2, PID generates a conial signal by mulliply-
img 1he ermor, e integral of the eror and e denivalive
of the emor by indvidual gains and then summing the
resulis. The proporional enm generaies a comecive
gignal in proparion o the emor. The integral term gen-
erales 3 comecive signal progonional 10 summ Sion of
ihe emror owver Time. The denvalive tenm gensraies a
cormecive signal in progor on 1o e rate of dhange of
ihe emon. In veloatly coniral applicaions, the denvaive
gain ia offen =21 o zero, as Pl confrod = usually
sufficient jor adhieving well-uned apeed contrd .

T implement WA control with velocity feedsack, the tar-
get apesd, actual speed and speed emor ane all calou-
lated as shown in Eguation 2. The speed emor is
pasmed fo the PID algonthim. integral eqror ia caloulated
im the PID muine by accumulaing the speed emror over
ime. Derivaive emor s calculaled by subiracting the
last awor vaus from the present ennor value, Since the
routine ig called a1 fxed time infervals, e difference in
the two emor valwes ia proportional io fhe rale of
chamge of emror I this applicaton, te PWR peniod
inzupd rale i used to determine e update rate of
the PID caloulation.

The PID funclions used in this apglication nole ane
descnbed im ANSIT, “mpfementing @ A0 Contraffer
Lizing a PIC T8 MOUS

CLOSED-LOOP SLIP CONTROL

Im many applicationz, if is desirable o coniral dip in
arder o optimze for tongue, efficency or power factor
depending upon changing requirements.  Fgure 8
shows how lorgue, power factor and eficiency may
vary with the degree of alip for 3 typical motor. By vary-
img the amount of deaired dip, the motor periormance
can b= optimized for any of these three atibutes. For
sxample, forgue may b= maxdmized by alowing a
higher degres of dip; eficency optimzed by allowing a
lesser degres.

To control slip, the aothal molor speed s oompansd
against e dive fequency 1o determing the present
gip fequency. The slip fequency s comparsd o the
deared dip frequency to produce a dip frequency
emror. Diive frequency and amplifude are modified in
order 1o minimize the slip freguency smor.

Figue 9 shows how a gip conirgl could be imple-
menied. ldentcal hardware i3 used a3 im Vi canirol
with veloaty leedback. Only the algodithm is modified

FIGURE 8: TORGQUE, POWER FACTOR AND EFFICIENGY VERSUS SLIP
Siplor Slip for Shphor
main  max PF man T
: . Tarque {T)
Tiorgue

@ 2004 Morachip Tedhnalogy no.
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FIGURE &: CONCEPTUAL BLOCK MAGRAM FOR CLOSED-LOOP SPEED AND
SLIP CONTROL
Pl Carralar W
oA
] - Fhasa
P
Hip i E::
idge
Application | Opimize | i Frequency {
Cornnalker Tuq_.lu ar Conraller
iy Torque Feadaack
Matar .
Fraquency | Welody
Calodation

COMPARING MICROCONTROLLERS

FOR AC INDUCTION MOTOR
CONTROL APPLICATIONS

Im developing

ACIM  applications, am  imgortant
consderaion is oflen the folal part count required 1o
imglement the solution. For 3-phase conrol applica-
tionza uang e PIC18F4S2 and PICISFTXT, thia
means 3 baidge dnver that i capable of generaing the
complimentary culputs and insering dead time.

The FIC18F4431 ds0 offers e MFK 1o measure boih

rodor gpeed and direcion wiith litle or no addtional
support from exiemmal components. Wit presious
conrod acluions, exiemal circuitry would e needed 1o

trmware overhead.

Im conrasl, e POPWRW module of the FICTEFA431

can b= configured to gensrale complimentary oulputs
with confgurable dead ime, resuling im a2 smpler
bricige diiver drcuil. This can translate indo & reduced

part count for the applicaton.

proside pulse condifioning and direction imdication from
ihe encoder; an addifional on-chip imer resource
woud also be messdced o oomven s Indo walooily data.
The MFM can direclly inerface with a8 quadiature
encoder of olher Hall seraors and caloulale direction
and velocity with 8 minimum of addtional hardware or

The capabilities of the thres different microconiolers
im:3-phase AGIM control are compansd im Table 1. The
range of conrol siralegies for the microconrollens ia
presented in Tapls 2.

TABLE1: COMFPARISON OF HARDWARE CAPABILITIES IM 3-FHASE ACIM CONTROL
Complimentary

Microcontroller PN Cutputs Dead Tinms Signal G atian Velocity Feedback

FIC18F452 3total: 2CCP, Extemal hardware Extemnal hantwars b
1 firmmware generated

FIC1sFTaT 3 (CCP Extemal hardwarns Extemal hardwans home
FIC18F4431 & |[PCPWL Built imlo PGP Built imda FOPWIR QEVIC
TABLE 2: COMPARISON OF PICmicro CONTROLLERS AND ACIM CONTROL STRATEGIES

Microcontroller Family
Cantral Method
PIC18F 0031 PICIEF K30 PIC16FTET PIC1GF a2
' Yea, with finmeare FINK
Yea, with extemal '
Wit Conirol Yies Mo deadime siong | #0d extemal dead-time
I proisions
WitConwol with “ea, using handwans N e, with exiemal \E::hnmm TIWI
Current Fesdoad | Fault input and HSADC o deadtime provsions me
proisions

WitConwol with ea, usng QElor

Weocity Fesdoadk imput capture No No ho
Single-Phass

Vit C s Yeg ‘ieg g

05009004 page 12
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CONCLUSION

The combination of PIC1 8 architeciure and though thl by
designed penipherals make e PICIEF4431 an
excellent choice for 3-phase AC induciion motor control
applications.

The PCPWM moduls provides guficient FWL cutputs
and modes do direclly dive a gale diverinverier
module, without the need of additional hardware to
areate cumplimentary channels o insen dead time.
The MFM allows users o easly implemeant speed and
direction monitonng with minimal hardw ans or finmesans
owvedhead. All of heae leatures, along with the HSADC,
make it possible o design a wide range of powseriul
maitor-conirol 2oluions with 8 minimum of paris.
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APPENDIX A: PICDEM™ MC
BOARD OVERVIEW

A FICDEM MO demonstraton board was wsed 1o
develop, fest and debug e ACIM control code
discusaed in this applicalion note. The owverall blodk
diagram is shown inm Fgure A-1.

The board has a dode bridge recifier That converls a
angle-phase AC input fo D0, while 8 power capadion
bank provides a stable DO bua, A awiiching power
supHy generates several DO supply levels for digital,
analog and powsr elecronics. A 3-phase KGET-based
inverier bndge wath integraied gate divers is usad o
cirive The motor from the DO bua.

The on-board user interface has fwo momentary push
buttonzs, 3 potenfometer and four LEDs o indicate
staws. Inthis goplcation, switch SW1 s used 1o toggle
betwesn molor Run and Sop. Swich SW2 s used 1o

toggle between forward and reverse rofafon. The
polerticmater i3 used for sefing the desired speed.
The LEDs are ussed for indications of different siales of
conirgd and a3 Faull indicators. The boand can also be
contolled with 2 hoat PO over 8 gedal port using
Microchip's own Modor Conitral GLIL

The conwal circuil and power circuits are slecincally
izplated from each ofhver by oploisclators. With the
izolation between power and control cincuila, program-
ming and detugging ioos can be plugged 1o the
development board with power connecied to the board.
For debugging the code in this applicaion mole, an
MPLAE® |00 2 was connected directy 1o the PICDEM
MC poard durning dewvelopmend.

Far & complele desaiplion, please reler io the
“BICDEW MC Develgoment Board for BICTEEXNI
Ugars Guioe® (DE51453).

FIGURE A-1: PICDEM MC EVALUATION BOARD FUMCTIONAL BLOCK DIAGRAM
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FIGURE A-3: BOARD SCHEMATIC, PART 2 (PIC18F2431 MICROCONTROL LER SOCEET,
USART, CLOCK OSCILLATOR NETWORE. AND OPTIOMAL LIN INTERFACE)

5 -
22 o 3 5,
ST | E'_ B = II:- III
ST ]
u 55
ik St e
3 i i
s =
| p——t i
E} — sg

Ay |
AN
[
G2
[ 1]

L&

1
|
X __
L3
3
|+:H'|:-|
H"H-:
TeaK™
L]
]
a
E 0 ] V¥m }_|
P ==

MAIEZ  DPIS

NN

1
= ELT T

w2 1 AT
— R ot
1
3
g

1K1

18
BCATT L|

BESTT2

uig
PIC1EF 2431

G

e

1 |iwTrmes
THETI]
TAETN
TETRS
A o
TEETIE]
W
W
[ TS
g BT T
L]

[F T o)
A 2nlalin
£

DE009004 page 16 @20 Momdhip Tedmalagy na.



AN900

FIGURE A=4: BOARD SCHEMATIC, PART 3 (SENSOR AND MICROCONTROLLER HEADER
CONMECTORS, MOMITOR L EDS)
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FIGURE A-5: BOARD SCHEMATIC, PART 4 (SIGMNAL COMDITIOMER FOR SENSORLESS

BLDC OPERATION])
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FIGURE A-G: BOARD SCHEMATIC, PART 5 (3PHASE INVERTER POWER MODULE AMD SHUMT
CURRENT MEASUREMENT)
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FIGURE A-=F: BOARD SCHEMATIC, PART & (MOTOR TERMINAL BLOCE. AND OPTIONAL
CURRENT TRANSDUCER CIRCUITRY)
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FIGURE A-B: BOARD SCHEMATIC, PART 7 [POWER SUPPLY)
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APPENDIX B: SOFTWARE
DISCUSSED IN THIS
APPLICATION NOTE

Dus 10 gize consideralions, the complele source code
listimg for #he applications descrbed here i3 nod
imdudad im e texd. A complete version of the source
code, with all required support fles, s available for
download a3 a Fip archive from the Microc hip web site
at:

wrwrw. microchi p.com

DE009008 page 22
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Hgle the Tollowing detils of the code profecion feature on Microchip devices:
+  Miorachip pmducks meal the spacfication comanad in $hair pariodar Micradhip Data Sheet.

+  Micrachip balieves thal it tamily of producss is one of the mos ) sacum families of i kind on $e marka oday, when usad in the

imandad marmar and under narmal condiiions.

+ Tham ga dishonast and passibly llegal mathads usaed o braach the oode prmtacion faatura. Al of fhass mathads, 9 aur
kmawladge, requing usng the Momoachip produsts inamanner outside The operaing specicaions carmaned in Miom dhip's Data
Sheats. Mos? ihaly, he persan daing =0 & engaged in thaf ol ireliscual property.

+  Micrachip is wiling o workl with the austomer wiha is conosrnad abow the imegrity of her coda.

+  Maither Micrachip nor army ofbarsamiconducarmanutaciu mr can guarana s He searity o thar code. Cods protecion doss nat

maan A we ara guaraniessing e produs 2 unbmaaba

Codes proteclion & onstandy evalving. We a1 Miorachip are commifiad 0 cminuasly mproeing e coda proteciiaon lasures af awr
produsis. ARamp s o braak Morochips code protecion featum may be a vidaion af the Digital Millennium Copyrght Ao P such acks
Al ursuforied acosss o your sofware o ather copyrighted wark, you may Fave a right o sue farreled under fat Ao

Fiarmaiaon camaned in this pubcadaon ragarding device
applicaions and e like & imended Sirough suggesion anly
and may be supersaded by updates. | is yourresponshilizy to
ansura Fal o applicalion mass wit your spaciicaions.
Mo mpresanaion o wamany & gven and no by is
amsumed by Miorachip Tedmaagy Incomporated wit mspac
% Fe acorasy o usa al such informagan, ar infingamant al
panis o afer infalecual property rights aising fram such
e o aharsiza Uss o Micochips producis as oritical
SAMpanans in lite suppart sysems is nal auhorined axcep!
with axpress wrillen approval by Mionachip. Mo licenSes am
omveyed, impliclly or athersizs, under any imeallecual
prapaty dghts.
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