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             A Microprocessor-Based Waveform Control SyStem for

                          Pulsewidth Modulated Inverter.

               Jean ‐ Charles CARRIO*,Keiju MATSUI*,and Kazuo TSUBOI*

                                 (Received May 31,1991)

                A complete design of microprosSor-based controlcircuit for a three-phase

             PWM inverter is presented. The Z-80 microprocessor is used, and a flowchart

             and control signal hardware are provided. Practical problems for controlling

             the PWM inverter waveform using various ICs and devices are diScussed, and

             modifications to the basic program are indicated. The basic control philosophy

             developed can be extended to the entire class of various PWM converter

             systems.

  I . Introduction

    Pulse width modulation of a six ‐ step inverter can be accomplished in different ways. We can

recognize three distinct switching strategies. The first and the one which has been most widely used

because of its case of implementation using analogue techniques are based on``naturaI"sampling

techniques. A switching strategy, referred to as"regular', sampling, is considered to have number

of advanteges when implemented using microprocessor techniques. The third approach uses the so-

called"optimal"PWM switching strategies which are based on the minimization of certain

perforrnance criteria;for example, elimination or minimization of particular harmonics or the

minimization of harmonic current distortion, peak current, torque ripple etc.

    The following research is concerned with an investigation of a microprocessor implementation

associated with the regular sampling method.

  II. Survey of Variable Speed Drive Functions

    Fig.1 provides an overview of a possible microprocessor control hierarchy and distinguiShes

some of speed drive systems. Only a small number of the fuctions shown could be performed by

asingle microprocessor. For a more complicated system, where several of the functions are to be

performed, a multi-processor arrangement must be considered, with each microprocessor

performing a different function.
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Fig．1 Microprocessor－contoro1hierarchy．

  III． Switching Strategy

    TheheartofanyPWMinvertercontro1schemeistheswitchingstrategyusedtogeneratethe

switchingedges of the PWM contro1waveform．

    Regu1arsamp1ingtechniquescanbeimp1ementedusingcurrentmicroprocessortechno1ogy，and

is1ike1yto form the basis of mostmicroprocessorcontro11ed PWM inverters．

  W． Micr◎processor Based Regular Sampled PWM

    Apractica1imp1ementationi11ustratingthegenera1features ofthismode ofsamp1ingisshown

in Fig．2．                   ．、

一一一一一一一一
唐凾高高?狽窒奄モ≠?samp1ing

     asymmetrical samp1ing

Fig．2 Symmetric and asymmetric regular samp1ed

PWM．
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    The sinusoida1modu1ating wave is samp1ed at regu1ar interva1corresponding to the positive

peaksofthesynchronizedcarrierwave．Thesamp1eandho1dcircuitmaintainsaconstant1eve1unti1

the next samp1e is taken．This process resu1ts in a stepped，or amp1itude modu1ated，version ofthe

referencewaveform．Thissteppedwaveformiscomparedwiththetriangu1arcarrier，andthepoints

of intersection determine the inverter switching instants．

   The generation of a sing1e pu1se，using the symmetric regu1ar samp1ing process is i11ustrated

in Fig．3．

3
          1

M Sinωm亡

                                  2

        1                        －

        1・       一       1
        1      ■      一
        1       一       」
        1      』      3
        1      ’      I
        l                   l

        l     ■     ■
        1      ■    4 －
        1        」
       l          l
       l          l
       l       l       l
       ■       l       l

             →
       丁 石  亡沙  7； 石

        トー一一一丁一一一

Fig，3Sing1e pu1se generated by regu1ar symmetric

    samp1ing．

     1reference modu1ation signal，2samp1e－ho1d

    modu1ati㎝signa1，3carrier signa1，4PWM

    waveform．

   As a result of this process，the modu1ating wave has a constant amp1itude whi1e each samp1e

is being taken，and consequentIy the widths of the pu1ses are proportiona1to the amp1itude of the

modu1ating wave at uniform1y spaced samp1ing times．

    It istherefore an important characteristic ofregu1ar samp1ingthat the samp1ingpositions and

samp1ed va1ues can be defined mambiguous1y，such the puIses produced are predictab1e both in

width and position．

   It is possib1e to derive a simp1e trigonometric fmction to ca1cu1ate the pu1se widths．

   With reference to Fig．3，the width of pu1se may be defined as：

らm＝（1＋M＊sin（ωm＊T1））＊T／2 （1）

〃．’modu1ation index

Tj time period of carrier signa1

ωm angu1ar frequency of modu1ation signa1

T1samp1e instant

（3）



    This equation can be used to ca1cu1ate the pu1se widths direct1y．

    An a1temative and more efficient approach can be used for app1ication where constant vo1ts

per cyc1e（constant f1ux）characteristics are required．

    The duration of anindividual vo1tage pu1se inthemodu1ated1ine to1ine vo1tageisproportiona1

to the moduIation index，M二and the periodic time of the reference wave，エ／Fm．Thus，the pu1se

duration，丁力，is proportiona1to M「／Fm．If the reference wave amp1itude is varied1inear1y with

frequency，then M／F刎is constant and the pu1se duration is independant of frequency．

    Inthiscase，themodu1atingfrequencyandmodulationdeptharelinear1yre1atedbytheequation

M＝K＊Fm，andtherefore，for afixedfrequencyratio£thepu1sewidthequationcanbeexpressed

in the form：

らm＝T／2＋K＊sin（ωm＊T1）／2P

P＝ω、／ωm

（2）

    The first term of this equation represents the mmodu1ated carrier frequency pu1se，and the

secondterm is constantfor a particu1ar frequencyratio．It is on1y necessaryto ca1cu1ate the degree

of modu1ation at each switching instant，and to store these in memory．

  V． Hardware and Software Based System

    The efficient approach invo1ves the use of Eq．（2）to ca1cu1ate the pu1se width ang1es direct1y，

and then to output these ang1es using a three phase timer，as shown in Fig．4．
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Fig．4Hardware for microprocessor－based regu1ar

    samp1ed PWM．

    The use of this timer a11ows a f1exib1e program structure to be used，and so minimizes

computationtime．Assumingthat the pu1sewidth ang1esforthe three phaseshavebeencalcu1ated，

thenthese may be converted to a timeperiodusing a timer．Each of the three counters ofthe timer

is1oaded with the appropriate va1ue，each counter corresponding to one of the three phases．

    Whenoneofthecountercomp1etestheappropriatetimeperiod，itgeneratesaninterruptsigna1．

In order that the microprocessor can identify the source of the interrupt signa1，and to avoid the
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ambiguity which cou1d arise if two interrupt signa1s were generated at the same time，interrupt

priority1ogic circuitry is required as shown in Fig．4．

   Six signa1s are generated by the output port，corresponding to the six power devices in the

inverter．Typica1pu1ses for the three phases are i11ustrated in Fig．5．
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Fig．53－phase PWM waveform．

   The pu1sewidths for the three phases must be ca1cu1ated in advance．At the start of the carrier

period，times加，加，andわare1oaded into the threecomters．As eachcounter comp1etes its period，

the appropriate outputs are changed and the times corresponding to the pu1ses are1oaded into the

counters．In order to define the end of a carrier period，it is on1y necessary to1oadtimeあ3into the

first counter when the next interrupt is generated by that counter．

   The timer and its associated circuitry may be regarded as being equiva1ent to the triangu1ar

wave generator and comparator．Loading a va1ue into a counter corresponds to the output of

suitab玉e sca1ed version of the samp1ed modu1ation wave．The counting down process is equiva1ent

to the changing magnitude of the triangu1ar wave；and when the time period is comp1eted，the

modu1ating wave may be regarded as having the same va1ue．

VI Microprocessor Calculati◎n of Pulse Widths

 The ca1cu1ation for the pu1se widths is based on the fonwing equation．

らm＝r／2＋K＊sin（ωm＊云1）／2－P

   ＝T／2＋K＊sin（θ1）／2P

云〃 width of modu1ating signa1

〃．modu1ation index

Tj time period of carrier signa1

P二frequency ratio

θ1．samp1e ang1e

（5）
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For examp1e，a frequency ratio of g and the foI1owing Parameters are used．

M＝0．8

F刎＝50Hz

  V皿． Functiona1Block Diagram－Hardware

    The b1ock diagram of the signa1generator hardware is shown in Fig．6．The microcomputor

used is the Z－80from Zi1og．1For deve1opmenta1purposes，a sing1e board microcomputer from

Taiheiyoh Kogyo was used．
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    The systemtiming contro11er is M8254from Intelwhichis drivedby the astab1emu1tivibrator

of30kHz from7400．This chip has five16－bit timer－counters．Each timer－counter can operate

in various modes which can be se1ected independent1y．In our case，timers1，2，and3have been

se1ected for phase A，B，and C．

  、皿． Functiona1Block Diagram－Software

    The software of the generator is designed as an interrupt driven mu1titasking system．The

fmctiona1b1ock diagram of the microcomputersoftware is presented in Fig．7．Themainprogram

consists of three functiona1b1ocks：（1）initia1ization，（2）contro1computations，（3）background．

                                   MAlN PROGRAM
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                      Fig．7Fmctiona1b1ock diagram of PWM contro1

                           signa1generator software．

    During initia1ization，the hardware timers（Fig．6）are set in the proper mode of operation，

and the software variab1es are set to their initia1va1ues．

    During contro1computation，the command inputs are acquiredby the microcomputer，and the

va1uesofvariab1eswhichdeterminedthefrequencyandtheamp1itudeofthegeneratedPWMsigna1

fundamenta1are computed．The resu1ts of the computations are1oaded into one of the two banks

（7）
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of some registers each，whichform a“rotatingbuffer’’used to supp1y data to the pu1se generation

routine．The contro1computation routine is repeated every6ポ。f the reference signal．

    Duringthebackgroundtask，theprogramisina1oopwaitingforthenextinterruptandchecking

the status of f1ag which determines the destination of the next jump．

  IX． PWM Signal Generation Algorithm

    The arriva1of an interruptfromthe systemtimer initiatesthepu1segenerationroutine．During

thisroutine，the PWM signa1generation a1gorithm is executed．Thefunctiona1b1ock diagram of

theinterruptprogramispresentedinFig．8．Thecomputationa1a1gorithmimp1ementedinthesigna1

generator takes into account fonowing previous1y mentioned facts．

5TART

   POS1丁0N
   CARRl ER

start of

CyCle

l N

CYCLE

s＋a・十〇fp・！s・

o・s†a・†ofgap

affe・PUlse

LOAD ALL THREE
COUNTERS WlTH GAP
Wl DTHS

   ⊂0NTROL
PR10R lTY L OG l C

⊂oun＋er 0

CHANGE THE
PRlORlTY LQGl C

l NTERRUPT F ROM？

START COUNT
    DOWN

COun＋er2

SUBROUTlNE
 PHASE A

coun＋er1

SUBROUTlNE
 PHASE B

SUBR0∪TlNE
PHASE C

CHANqE THE
POSlT10N lN

   CYCしE

CONTR0し0F
lN CARRlER

POSlTlON
CYCL．E

N o    EN D OF

CARRiER CYcLE

YeS

    RESET OF THE

POSlT10N lN CARRlER
CYCLE’I 〉ARlABLE

RETURN
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   There is an even integer number per each60㍉nterva1of the reference signa1．At any moment

in time，a11three process types are taking p1ace in the signa1phases．The order of fo11owing of

processes and the order of changes of signa1po1arities are determined on1y by the direction of

rOtatiOn．

    Since there is on1y one switching point per each interva1，this interva1has been se1ected as the

system samp1ing interva1．As a examp1e for the phase A，a simp1ified f1owchart of this routine is

shown in Fig．9．The others a1so can be shown1ike this figure．

  SUBROUTlNE PHASE A
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COUNTER O

CHANGE PHASE A
OUTPUT
AND PR10R1TY
LOGl C

s＋・・†ofg己paF†ε・

pulSe

LOAD PHASE A
GAP WlDTH TO
COUNTER 0
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AN D PR10R1TY
LOG l C

RETURN

Fig，9PWM signa1genaration program．

  X． Conclusion

   In this program，the two devices in an inverter1eg are switched simu1taneous1y．In fact，the

devices must a1ways be switched a1temative1y，with a brief interva1betweenthe turning off of one

device and the tuming on of the other．Firing signa1s which resu1t in simu1taneous conduction of

both devices wi11cause a“shoot－through”fau1t that short circuits the DC supp1y．

    The resu1ts presented in this sectionwere obtainedusing a Z80microprocessor to provide the

PWM base drive contro1for a3－phase inverter．

    The microprocessor hardware configuration used is based on the imp1ementation shown in

section V皿，using a500KHz c1ock．

    A microcomputer－based signa1generator has been buiIt．It has reduced hardware parts and

a11the f1exibi1ity resu1ting from software imp1ementation of most of its functions．In spite of the

1imitedprecision of computationspossib1ewithaneightbitmicrocomputer，theharmonic contents

ofthegeneratedPWM signa1iscomparative1y1ow．The PWMsigna1generatorwas a1so used as

a component of contro1system for an ac motor．

（9）
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