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                 Proportional type Output 3-phase Cycloconverter

                       Keiju MATSUI*and Yohachi WATANABE*

                              (Received September 1,1971)

               This paper is concerned With the proportional type 3ーphase output

            cycloconverter. Many practical cycloconverter systems of single phase

            have been reported, however, until recently, the 3-phase output cycloc-

            onverter has not been developed for the complicatioII of the controlling

            circuit. In this paper We have designed a controlling circuit to simplify

            the syStem, where the period of the output current conducting through

            each phaSe iS 120 degreeS. The output voltage becomes variable in the

            amplitude, by controlling the pulses over the period of 60 degrees of

            input power.

               It is found that the reactive power is also controlled by pulses,

            and that thiS device operates suMciently at any load, that is, resistive

            load, inductive load and capacitive load. The frequency of power

            supply can be intermittently controlled from dc to the half of the

            frequency of input power.

                                  1.  Introduction

    The cycloconverter SyStemS can be divided into two typeS, that iS, the sequential

type and the proportional type in accordance With output frequency. The former iS

fit for uSe of operating the induction motor and So forth. The latter iS mainly

employed aS mono frequency converter SyStem. Both typeS poSSess advantageS and

diSadvantageS So that their applicationS are limited, Which SeemS to be leSS practica1.

AS the sequential type literally meanS a Sequential converSion, it is convenient to

control the Speed of the motor like the induction motor deScribed above Which requireS

the variable frequency. NeverthelesS, the wave diStortioll is indiSpenSable as the ratio

of the Supply frequency With the output frequency becomes loW. Therefore, it can be

easily conjectured that the sequential type contains lower frequencies than the output

frequency in addition to high frequencieS. BeSideS, the gate controlling circuit becomeS

more and more complicated, and in 3-phaSe Some simpli且cation Will be inevitable. And

in the frequency controlling SyStem, the variouS phaSe Signa1S muSt be connected With

each other by mealls of oScillators. On the other hand in the proportional type, the

diStortion iS rather Small even if the frequency iS loW. Moreover, aS the phaSe relation

between Source and output frequency iS well regulated, the IoWer frequency component

than the output frequency iS not inchユded. The greateSt advantage for it iS the

Simplification of controlling circuits. HoWever it is poSSible only to control the frequency

intermittently and inadequate to change continuouSly. BeSideS, in contrast With sequentiaI

type, no improvement of the Wave distortion call be admitted even if the ratio of

frequency is larger.

 *Department of Electrical Engineering

                                        (1)



34            Keiju MATsUI and Yohachi WATANABE

   For the practica1app1ication，both types have been emp1oyed at the1arge ratio of

frequency．For instance，the output power with sma五1distortion can be obtained by

using the high frequ．ency generator．Therefore its app1ications seems to be restricted

to the e1ectric power or the source of aerocraft or that of rai1way train．Furthermore，

the cyc1oconverter possesses various advantages as compared with inverter．For instance，

too many commutation circuits are unnecessary because it is a direct conversion from

ac to ac．At the same time it is su舐。ient1y possib1e to feed back the reactive power to

the source even without using condensers．A1though the miniature size e1ement1ike

SCRs may increase more or1ess，it is sti11possib1e to make the capacity sma11and

they are expected to be apP1ied to the traηsportation of1imited sPace．As for the

u1tra1ow frequency，by considering its stab1e operation，the cyc1oconverter is used for

re1ative1y1ow frequency whiIe the inverter is for high frequency． As far as the

cyc1oconverter keeps stab1e during operation，the torque in the induction motor

increases as much．Therefore its wide app1ication inc1uding a spiming industory is

quite possib1e．As the1oad of the e1ectric power converter system described in this

paper means main1y the1agging1oad，it is inevitab1e to estab1ish the contro11ing system

with which the reactive power shou1d be treated．With respect to this point，it is quite

possib1e for the cyc1oconverter to feed back the reactive power direct1y to the source．

   Since the mercury commutater ages，the various studies ofsing1ephasecyc1oconverter

have been reported by many authors．However，the actua1designs about3－Phase have

not been reported because each phase affects others and because the contro1becomes

comp1icated，a1though the possibi1ity of3－phase has been considered． The app1ication

of the former sing1e phase sequentia1type to 3－Phase is considered to be inadequate

because of the mutua1actions of each phase．Therefore the firing angIe of controning

signa1shou1d be constant，and each phase re1ation shou1d be ixed．Under these condi－

tion，there is no necessity of osci11ators a二nd the1ike．As the丘ring ang1es of each phase

are standarized，the sequentia1contro1in frequency becomes unsuited and it becomes

intermittent variab1e．However，the various characteristics described above make up

for this defect su舐。ient1y．

   The design of the3－phase cyc1oconverter by the authors is considered to possess

many various remarkab1e characteristics．Thus these coエ1ditions and characteristics are

expressed concrete1y as fo11ows．

    （1）Input supP1y．．．．．．．．．．．．．．．3－Phase，200V，50Hz／60Hz

    （2）Output power．．．．．．．．．．．．fu11－wave proportiona1type，variab1e from a ha1f input

                           frequency to dc

    （3）Firing ang1e．．．．．．＿．．．．．．variabIe

    （4）Period of current且。wing

                           ．120。

    （5）Method of treating the reactive power

                           ．by feeding back and by wire of termina1of SCRs

    （6）Osci11ator for contro1．．．nothing

   The authors tried to make the device1ight and sma11so that it is emp1oyed main1y
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for the transportation as described before．

                            2．Cim11it b1㏄kdiagram
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Fig．1．B1ock diagram Of3φcyc1oconverter．

   Fig．！is a circuit b1ockdiagram of the cyc1oconverter．First of a11，a who1e con－

struction is shown rough1y with chain1ines and the prob1ems of the actua1manufacture

wi11be described．The high vo1tage circuit a血d the1ow vo1tage circuit are compIeteエy

insu1ated except a signa1transferred by the pu1se－transformer．Actua11y on the way of

the manufacture，they are comp1ete1y separated in order to prevent a misoperation by

the e1ectric discharge or the1eakage from the high vo1tage side to the1ow vo1tage side．

The stabi1ized power source supP1ies the vo1tage of土12V to the1ow vo1tage circuit．

The sma11size condenser with the su舐。ient1arge capacity is connected in order to

prevent the misoperation which wi11be caused by the vo1tage variation at each bias

point．In su．ch a manner the stabi1ization of operation is carefu11y made．As a p1enty

of noise is expected especia11y at the time of the switch tum of intermittent frequency

contro1，the vo1tage changes between the bias source and the e1ements are prevented

by choke coi1s and condensers．However，this is not su価。ient to avoid the noise．

Therefore，this noise is taken away in the way of a circuit in the next section．

                         3． Inp11t止igh vo1tage circ11it

   Since to make the device1ight and sma11is n㏄essary by the reasons described

above，the transformer is not emp1oyed for the detection of phase vo1tage except the

transformer of bias source and the miniature pu1se－transformer．↑herefore，a speci丘。

circuit for the output pu1se synchronized by the source was presented by the authors

and emp1oyed．Fig．2shows a part of the circuit．First of a11，the input power is

rectiied in fu11－wave and the unchanged dc component is cut o舐in the way of avoiding

                                     （3）
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                                            Fig．3．（a）Waveform of source．

  Fig．2．A part of input high vo1tage part．          （b）Output waveform of Fig．2．

且。wing out to the output side，The gutput waveform is indicated in Fig．3（a）．The

waveform is reduced－by one・third than that of Fig．3（b）．The miniature transformers

at the right side of the diode in Fig．2are pu1se－transformers for phase vo1tage detec－

tion．These circuits wi11be exp1ained1ater in this paper．The UJT pu1se generating

circuit，the SCR pu1se generating circuit and the phase adjusting circuit are designed

by s1ight transforming the usua1ones．The phase adjustment is contro11ed by the haIf一

五xed resistance．Once the proper adjustment is given，it is丘xed and the phase contro1

wi11be done at the1ater stage．

                            4．Low vo1tage cir6皿it

   Ao舳e力。me7com〃。〃mg c伽〃ポ The demu1tip1ying circuit in the1ow vo1tage

circuit in Fig．1reduces the mmber of pu1ses and is designed from砒p一割。p combina－

tions．The prob1em is to improve the input pu1se waveform especia11y the transient，

therefore，the pu1ses are shaped and the transient is improved by the monostab1e－

mu1tivibrater of the pu1se shaping circuit．The contro1of the number of the input

pu1ses in the demu1tip1ier is performed at the frequency contro11ing circuit．As it is a

intermittent contro1，a push buttom switch（Toko，Inc．）is emp1oyed．Since it has on1y

seven keys，the reducing abi1ity is on1y one－eighth of the source frequency．Therefore，

adding another switch is capab1e of one・sixteenth reduction．The noise of this output

is prevented through the monostab1e・mu1tivibrater as we11as by the method of the

noise prevention described above． But it is necessary to operate unti1the noise dis－

appears after the switch is put on．Thus the operating resistance and the condenser

are experimenta11y designed．The noise caused by itse1f m1ess the e1ement is operating

is mavoidab1e．However，such a noise does not1ead a serious misoperation1ike a short

circuit of source．Because the surp1us pu1se caused by misoperation has no re1ation to

the arranging order of the arranging cir㎝it which may1ead misoperating．The output

pu1ses from the demu1tip1ier enter the arranging circuit．One examp1e of the arranging

circuit is shown in Fig．4．As for the3－phase inverter，the1ing counter is genera11y

used for this circuit．Since this device is a120。且。wing fu11－wave type，the output

waveform of the arranging circuit must be considered．This waveform is shown in

                                     （4）           Memoirs of Chubu
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ig．5．The reason of settin9120。且。wing type is that on the way from a signa1to

he next same signa1with different po1ar，the1atter shou1d enter after the1ast operat－

ng SCR by that signaI comp1ete1y tums o丘．Therefore，the interva1for signa1is

ecessary．On a㏄omt of simp1iication of circuit，the period of signa1in e1ectric ang1e

s set without regard for output frequency．Consequent1y there is no prob1em when the

atio in frequency is1arge．But when the minimum ratio in frequency is2toユ，the

nterva1period must be taken into considerations．For examp1e the period of zero

o1tage in Fi9．u（b）in the fo11owing becomes a Prob1em．In this case the period of（2），

hat is，πノ12of the output frequency is the margin ang1e unti1the next signa1．The

atio of output frequency of2to l is the minimum frequency ratio in this method．

he reset switch is for use of starting the ternary circuit with better arrangement．

 monitor1amp is equipped in order to recognize the reset condition，and each con－

ition of the舳p一且。p is indicated．This circuit a1so makes it possib1e to start with

onstant better arrangement without a reset switch．The phase controI of the output

u1se（gate input pu1se）is performed from another termina1of the pu1se－transformer

f the input high vo1tage circuit．Two momstab1e－mu1tivibrater is used at the next

tage．The irst stage is for use of proper phase ixation．And at the second stage the

perating resistance changes the丘ring ang1e from0．t01800（the period of a wave out

f fuI1wave is supposed to be180。）．The output of this phase contro11ing circuit is

roper1y converted．to pu1ses，and then these pu1ses and the output of arranging circuit

s described above enter in a1ogic circuit as shown in Fig．6．This output can be put

n and o丘at any time by a starting switch．The monostabIe－muItivibrater of the

hase contro11ing circuit aIso takes part in preventing the noise．The output of the

ogic circuit is amp1i丘ed by two stages and enters into each gate of the main circuit
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by way of the pu1se－transform－er as in Fig．7．

   Rem〃。e力。〃eブ。om〃。〃グm星。〃。〃ポ The pu1se－transformers in Fig．2 are trans－

formers for phase vo1tage detection in the reactive power controI1ing circuit．As in the

igu．re，whenever the SCR at the SCR pu1se circuit of the input high vo1tage circuit

丘res，the current nows out of the source．For instance，in the case of1亙〃1＞1万”ml，

1万m l in Fi9．2，the current且。ws from the diodes＋m to－o and others do not且。w．

                                      The outPut waveforms of each puIse－trans一

     ／ ＼、、！ ＼、               former wi11be shown in Fig．8．This output

  ＋U
               ’。  。一         is amp1i丘ed in the amp1i丘er and the phase

  、。  ！）＼    i・p・・p・・1y・j・・t・dbyth・m・…t・b1・一
                        ／’、、、。’、   mu1tivibrater． Then it a1so p1ays a part in

  ＋w            ’  ’’  ’  the no1se prevent1on A1so，the output1s

                   ／ ＼／ ・、     gained from the Iogic cir㎝it with the

  O U                             phase contr0111ng c1rcu1t of lmonostab1e一

     、／ ＼、           ／ ＼  mu1tivibrater．The operating period of the

  －V
           、  。＾            monostab1e－mu1tivibrater by the pu1se from

          ’ ・’ ・           the phase vo1tage detectmg transformer1s
  －W
                                      taken 1onger so that every phase output

Fig．8．Output waveform of phase detector．
                                      cou1d be contro11ed by the ha1f一五xed re－

sistance of the phase contro11ing circuit at the same time．Then the phase adjustment

is possib1e during this operation period．The output of this1ogic circuit is sti11amp1iaed

by two stages and enters through each pulse・transformer to the gates of SCRs group

as input．These input positions are different from those of the active power contro11ing

pu1se as mentioned in Fig．7．These phases are a1so different from those．The gate

group of SCRs shou1d be put together as shown in Fig．9 in the source side．The

Detected Input
Signal   Group

S。・・㏄ 十Ug。。。1〕     十Wg…p
U一一一                    一一’’一一r■一■，“

鴨一詰着丁ポ妻一＝二暮～一

Fig．9． Main circuit（described by reactive

      power groupS）．
                                           Fig．10．Groups where detected phase

                                                  Signa1S enter．

output obtained by the phase vo1tage detecting transformer as shown in Fig．8must

not be put into the contro11ing groups with the same phase as in Fig．9，but into the

contro11ing circuit of the phase which is indicated as the input group of the phase

vo1tage detecting signa1as shown in Fig．10．These signa1s give on1y a s1ight distortion

of waveform at the pure resistive1oad．On1y at the reactive power1oad this signa1s

give a satisfactory operation to SCRs．

（6） Memoirs of Chubu
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                         5． O皿tp11t11ig止vo1tage cim11it

   The output high vo1tage circuit consists of eighteen SCRs． The actua1circuit

consists of the main circuit as shown in Fig．7or Fig．9and the output1oad termina1s．

The SCRs can be easi1y substituted and they are1aid of each a1minium board of two

mi11imeters thick．

                             6，011tp11t waveforms

   Cωe o∫力mγeγe8兆κoe Zoαa’In the case of pure resistive1oad，there is no di舐erence

whether the reactive power contro11ing circuit in Fig．1is open or put．But when the

reactive power contro11ing signa1is put，the output vo1tage appearing for the active

power controI1ing signa1does not resu1t in tuming on of surp1us SCR or tuming off of

operating SCR，a1though it causes a s1ight fa11ing phenomenon．To make it brief，the

fo11owing assumption was made．（1）No fa11ing phenomenon is caused by a reactive

power contro11ing signa1．（2）Firing ang1e is zero，that is，it starts just from the

crossing of each voユtage waveform．（3）SCRs operate as the comp1ete switches．

   Fig．1ユ（a）shows the re1ation between the     E。、 E、、 E、、

signa1s for a ha1f of the input supp1y

frequency and the output waveform．The

periods which are shown by hatches are                     （、）

3－phase operating domains where three

varied vo1tages operate． The rests of the

domains are 2－phase operating domains

where two varied vo1tages operate Fig．11（c）

shows the vo1tage of each domain．Now，we

deve1op the Fourier expansion for this

waveform．First，the direct current term

wi11be so1ved，that is，this waveform wi11

be equi1ibrated over a period．The ca1cu1a－

tion is as fo11ows：

       う・一÷／；州〃一・，  （・）

where T is the time of a period and y（才）

denotes the waveform．A1though in Fig．1ユ（a）

the upper waveform is different from the

1ower waveform，this waveform has n0

direct current term． If the position of the

gate signa1s moves one signa1to the right

or the Ieft，the waveform as shown in Fig．

ユ1（a）is turned upside down．This genera1ized

waveform wi11be stated1ater．The1ine
vo1tage for the star connection  is a1so

identica1， but the phase vo1tage is quite
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different．In order to he1p the study of the reactive power contro1we wi11show this

waveform in Fig．11（b）．The usage of the winding for the de1ta comection is better as

compared with that for the star comection．But as expressed in1ater Eq．2the

waveform for the de1ta connection has integer times harmonics of the third harmonic．

It is undesirab1e that this harmonic has the zero－phase－sequence component and that

the1oop current且。ws．If the supp1y frequency is expressed as∫o，the contro11ed output

frequency of this device is as fo11ows：∫o／2，∫o／3，∫o／4，＿，∫o／m，where m is an integer．

After this，the output frequency wou1d be shown by this integer．In each case the

waveform is deve1oped by the Fourier expansion．The resu1t is shown in Tab1e1．If

                                   Tab1e1

＼
一 L …  」  ■  1 止  0    止 ■ 0 0 一 一      ■ 一    ■ ■■     ’旧■    ■II     ■  一  I   I 1

Fund・ Harmonic （亙伽ノπ）
I ■ … ■ 0 ■ 0  ■

■ ■

menta1 2nd 3rd 4th 5th 6th 7th 8th 9th
■

2 3．07 0．41 o．oo O．34 O，36 0．00 0．25 0．15 O．OO

■ ■

I ■ I ■ 一 ■ ．3＊ 3．15 工、34 O．00 O．27 O．02 0．OO O．23 O．31 0．00

■ ’
3 2．92 O，94 0100 O．29 0．49 O．00 O，45 O．30 0．OO

一 ■  一  ■

4 2．99 O．21 O．OO O．20 O．32 0．OO O．37 O．17 O．00

一 一

5半 3．05 1．工6 0．OO O．00 0．18 0，00 0．22 O．20 0．OO

』 」 ］  …   1  」 一 1  1 I  0   ■  一   I ■ I  一

■
5 2．90 O．89 O．00 O．17 0．28 0．00 0．22 O．13 O．OO

■ I  ■ 」 … 」 I  I ■ … 一

6 2．96 0．14 0．OO O．14 0．42 O．00 O．43 O．13 0．OO

■」 u  … 一  ⊥  一 皿 1   ■  I 一 」  … 山  一 I 0 ■
7＊ 3．O1 1．08 O．00 O．06 O．18 O．00 0．21 O．20 O．00

■ ■ ■ 1  ■ I ■ 川 一

7 2．89 O．88 O．OO 0．18 0．27 0．OO O．22 O．13 O．00

I

oo 3．OO o．oo 0．00 OlOO 0．60 0，00 O．43 O．00 O．OO

the output waveform is deve1oped by it over a period about the integer times harmonic

of third harmonic，the va1ue becomes zero．Thus the integer times terms of the third

harmonic are shown to be zero in Tab1e1．The1arger m，the nearer to a1imitation the

maximum va1ue of the fundamenta1waveform approaches．It is shown that it approaches

irregu1ar1y，for there are count1ess cases for the output．Now，the practica1waveform

can be mentioned as fo11ows．The fu11－wave type as this device has been studied in

order to improve the output waveform of a ha1f wave type But this type has a week

point．In Fig．12there is no signa1between one signa1and another signa1of the

   。。、i、、、、  。、田、。（n） 。。、、、i、、（。、）・ di鉦・…tp・1…Ifiti…p・・…d・・th・

   signal P口1se（2n）with．ut signal si9皿a－P山1se   number of the synchronous pu1ses of the

             ll；＝＝＝ll＝＝       supP1y frequency，1t1s m We assume that

   へ・、・へYへ・、・’．ン・、・〈Y’一X、・’’it・t・・t・id・・11・j・・tf・・mth・・・…i・…i・t・

      、ハ、 、ハ、 、・’、、 、／＼、 、。’’、、 、！＼、   This waveform as shown by fu111ine wi11be

   ＼’’〉＼／＼／ソ’〉＼、・・11・・・…i・i・…1・・・・・・・…imi1・・1・・…
   ／・、．、・’＼、．、ノ＼、、、・へ×．．、ハ、一、ハ、、、一ノ w。。。f。。m。。。h．w．byd．tt．d1i。。wi11b・

    Fig．12．State of signa1s at∫。／m．    ca11ed a negative vo1tage peak． The signa1

pu1ses which start from the positive vo1tage peak，end to the negative vo1tage peak．

If m is an even number，the state of signa1which starts from the positive vo1tage peak，

ends to the negative vo1tage peak．The next signa1pu1ses start from the positive

vo1tage peak，and the output waveform is upside down．That is，in the reverse po1ar
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respect，they start from the negative vo1tage peak and end to the positive vo1tage peak．

But in this case，the another phase signa1is ired，so this operating vo1tage grows to

the Inaximum  vo1tage and the negative

vo1tage peak a1so appears．After a11，the

apPeared pu1ses of the opPosite side increase
                                                                          （a）

by one，so the upper waveform is di伍erent

from the1ower waveform．When m is an

odd number，the number of the state

without signa1as shown in Fig．12is a1so

an odd number．0ne signa1pu1se ends，that
                                                                          （b）

is，the waveform ends to the negative

vo1tage peak as shown by dotted－1ine．

Another signa1pu1se of the opPosite po1ar  Fig．13 Comparison of waveform at signa1

side starts from the positive vo1tage peak     aberration・

Al A筥 Aヨ

A； A； A二

皿＝2m
Aユ A。 A。 A1 A二 A； Z Z’

0 T／2叩
n n 11

竃 n－1 n＋1 η一1

』 T／2np O
日

From …

n＝ n n n n n n O
’

0

2m ＜

十1 From
十 n－1 n＋1 n－1 n－1 n＋1 n－1 T／2np T／2np

                 Fig．14．Mode1of output waveform for pure resistance．

as shown by fu111ine．When this signa1pu1se

starts from the negative vo1tage peak as
                                             Em

shown by dotted1ine，the appeared mmber
                                                                        （a）

of the upper and1ower signa1puIses increase．

This waveform is shown in Fig．13．The usage

of winding for（a）is worse as compared
                                             Enl

with for（b），but the maximum va1ue of  －2
                                                                        （b）
the fmdamenta1waveform is1argeras shown

in Tab1e 1．Each waveform approaches      12

to a 1imitation as the frequency ratio Fig．15．Output wavefom for ininite signa1．

                                     （9）
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becomes1arger．This genera1ized waveform is shown in Fig．14．At the periods Z and

Z’the vo1tages are zero．The waveform for the in丘nite1imitation is shown in Fig．15（a）．

In Tab1e1．this harmonic is shown in the section that m is ininite．The phase vo1tage

for the star connection is shown in Fig．ユ5（b）．The waveform is given as fo11ows，

      〃）一・争・（・1・ω1一夫…ω1一÷…ω1・÷・・11ω1・）・ （・）

If Eq．2and－the section that m is in丘nite shown in Tab1e1are refered，it becomes

c1ear that the1ine vo1tage and the phase vo1tage have no zero－phase－sequence component．

But when we contro1the vo1tage as the五ring signa1is de1ayed，the waveform has some

zero・phase－sequence component．After a11，in the case of the de1ta connection we must

consider the zero－phase－sequence－component，so the star comection is desirab1e．In the

case of the de1ta connection，this three zero－phase－sequence components are added，and

the1oop current of three times且。ws．But the sum of the positive－phase－sequence

component and the sum of the negative－phase－sequence component are zero．But even

in the star comection，the neutra1gromd is improper，for the zero－phase－sequence

current且。ws into or out of this point．We shou1d consider not on1y the magnitudebut

                                      a1so the phase．By this reason we divide

                               3．08
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－0．60   －0，30×
             π
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Fig．16．Fundamenta1wave ana1ysis．

  the va1ue of the spectrum into the sine

  component and the cosine component．The

  arrow shown in Fig．16is the direction as

  the va1ue of m becomes1arger． The output

  waveform has count1ess modes，for examp1e

  the sequentia1cycIoconverter which is simp1y

  obtained by the apP1ication of this device

  has count1ess modes．In Fig．ユ6the pro－

  portiona1 type and a part of the sequentia1

  type are a1so shown on the comp1ex p1ane．

  When we deve1op the Fourier expansion，

  it wi11be c1ear that cosine component has

  not on1y the positive component but a1so

  the negative component．But the abso1ute

  va1ue of the negative component is identica1

  with the positive component，so we remove

  the negative component．If m becomes1arger

  and Iarger， the dotted point approaches

  to a1imitation over the comt1ess1ines．

  After this dotted point passes a minimum

  va1ue，it goes up to the1imitation3．0a1ong

  the vertica11ine（sine axis）．It is undesirab1e

  thatthe waveform has the cosine component，

  for the phase of the fundamenta1output

  waveform is affected by it．For this reason
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it is desirab1e that the dotted point as shown

is near by the vertica1axis．The frequency

spectrum of the output waveform harmonic

component shown in Fig．17is a sca1ar type．

It is no evident how much it has the cosine

component and the sine component．For

examp1e，in Fig．18we draw a horizonta1

1ine（cosine component）and a vertica11ine

  Fig．18．Wave indication by vector type
         at m＝2．

（sine component）and p1ot both va1ues as

the time variation．It is preferab1e that the

harmonic is indicated by this vector type．

The arrow direction，the counter c1ockwise，

is the time direction which is the same

direction with the fmdamenta1waveform．

The c1ockwise is the reverse direction with

the fundamenta1waveform．If the e11iptic

motion is1ong up and down，the waveform

inc1udes1arger sine component．If the e11iptic

motion is1ong right and1eft，the waveform

inc1udes1arger cosine component．A1so，it is

evident how much the dec1ine rate for the

higher harmonic is．Each va1ue at the

arbitrary time is so1ved by the method as

shown，where we draw a circ1e，a1ine OP

                                     （11）
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Fig．19．Waveforms from one－ha1f to one－

       sixth the input power frequency．
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and a horizonta11ine PQ from this point P．The1ine QH is the sine component and

the1ine OH is the cosine component．

                         7． Co皿。1山sion and Disc㎜ssio皿

   The practica1waveform from m＝2to6are shown in Fig．19．A11of them are the

cases that the signa1s start from the negative vo1tage peak．If we push on a switch，

the power suppIy with its frequency feeds to the1oad at stab1e state．So，the frequency

contro11ed machine a1so operates at stab1e state．If it is an ind1ユ。tion motor or1ike that，

not on1y its speed，but aIso its starting torque are contro11ed．Therefore this device wi11

be app1ied as the starter of the synchronous machine，etc．
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