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   Characteristic Calculation on Three Phase Induction Motor

                by Single Phase Rated Frequency Test

                                                      '                          '                                         '
                       Tsu･tomu ToKuDA* and Tomoo Fum*

                              (Received June 30, 1962)

        Generally, the charaeteristics of three phase induction motor is calculated by
     circle diagram method and its circle diagram elements are obtained under the test

     of three phase rated balancing voltage and frequency source. But this ideal source
     is not easily obtainable everywhere. Then to get circle diagaam elements by single

     phase rated voltage and frequency test, we tried to draw out the converting equa-
     tion. In this paper, about the converting equations are discribed and many experi-

     mental results are led from thern. They are able to put practical use, as expected

     first.

                                1. Introduction

    The characteristics of three phase induction motor is usually calculated by･ circle

diagram methcxl, in which the following tests are indispensable.

    1. Measurement of the resistance between two terminals.

    2. Three phase no load test at rated voltage and frequency.

    3. Three phase short circuit test at nearly full load current and rated frequency.

    However, generally, the three phase balancing voltage source can hardly be obtained

from distribution lines, and no accurate results may be expected from these tests in

such factories as are not equipped with a three phase a.c. generator. But if the.se ac-

curate results can be obtained from single phase no load ,and short circuit tests and

converting its results to equivalent three phase values, the unbalance of the three phase

voltages becomes out of the question. Besides the rr}eters and voltage-regulators for

the test can be much simplified.
    Therefore, in this paper, we derived converting equations for above mentioned

problem, and compared the results converted by them with the directly measured

values on many three phase induction motors. Consequently, the difference between

both values remained quite small, as we had expected.

                                                  '

                2. Conversion of Single Phase Tests Results to

                   Three Phase Test Ones.

    In order to draw a circle-diagram, the following elemental values are required.

                                                                     '
     k=no load current==ioi-1'ie2

    ioi =active component of no load current
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    ie2 =reactive component of no load current

     .    k =short circuit current at rated voltage and frequency= isi-7'is2

    zsi=active component of short circuit current

    is2==reactive component of short circuit current

    Therefore, it is necessary to calculate these elemental values ioi, ie2, isi and is2 at

rated voltage and frequency, from the values measured on the single phase rated

    While a three phase induction metor is running on three phase source, one of the

supply lines is disconnected so as to leave a single phase source connected to the stator

winding, the metor will continue to run, and its input current will be shown as follows,
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       Fig.1 The circuit
           . source and its eguivalent circuit.

                                      '
            -,--
           llr = -IhT==E/(Zl)+lzv)

          E=:source voltagewhere,

          .         a;li) =positive sequepc.e,

          .         4T =negative

      b, Ilv =line current '

Multiplying numerator and

   sc
          V

                           rl 'xi
   .  Zi == rl +]'Xl

  2f != Rr+j' M= .1 + 1 1

                lxg r2/S+j'x2

  2,7R,+]･.xbf 1 + 1 1

      .., j'xg r2/(2-S)+1'l2
   --. - -
  'Zp=Zi+Zr '

   ---  thv-=Zi+Zb ･･･ '･
 when a three phase induction motor running at single

                                             '
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        i.mpedance per phase

sequence impedance per phase

   denominator of Eq. (1) by E12tv, it becomes
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          G=-ilv=:S･i E,tt.i'',,rt,2,, - . .(2) .'

                                                                            tt
   2.1. Conversion of single phase short circuit test values. The single phase

short circuit test is easier than the three phase test, because there is no need to lock

the stator. At standstill (i.e. slip s= 1) ･

                                                     '            --/           (Zp)s-i==(Ziv)s-i ' (3)
where (Zi))s=i==positive sequence impedance at s =1

          .        (Ztv)s-i==negative sequence impedance at s= 1

testil.[sensCheo'wfnroaMt Eq' (i) and Eq' (3) the input current at singie phase short cireuit.

            -t･i
           As=E12(Zp)sii ,                                                                       (4)

Otherwise, the input current at three phase short circuit test is represented by'

           4==blVrr3-(2p),-, -                                                                       (5)

Substituting Eq. (4) into Eq. (5), obtain the converting equation

           --           ag==2/V'-g-･A. ' (6)
    It must be noted that, because the frequencies at both single phase and three phase

tests are kept identical, both of the short circuit power factors are also identical and

constant. Therefore, if the following results are obtained from the single phase short

circuit test,

            .           A3 ==short circuit current (nearly rated･current)

           Eg ==impressed voltage (for As)

                                    --
           Pg =short circuit loss (for A5 )

                                                 '                                        '
           AA'.1-:.t,IE-!7E.a,g,= ShOrt circuit cyrrent at rated voitage .. ,}

           ZS,lh:-PvS'.E,!,-E.i,, ., ' ' 'i' (7)

                                                                            '                                             '
for cCi21]XiPtrtall.aggrtaiiikSecoVnasitUreuSctiinotnO COrreSPonding three phase vaiugf,r which.are necessary

                                                   '                                                                       '                  4=2/V-li-･A, ･ , ,
          '
                  4=isi-7'is2
                                                                       (8)･

                   isi=21V-gJ･ceq,i .
                   is2=2lvvl-{i'as2
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    2.X Conversion of single' phase no load values. Where a three phase source

is available (unbalance of voltages may be left' out of consideration) we can make a

single phase no load test in which start the

m6tor with this source and. then cut off one u
of the supply lines. But, special starting

connected for starting, as shown in Fig. 2.

    When a motor is running at no load, the

slip may be considered approximately s==o. W V
Further it must be noted that E

                    '
                                                    '
    So, the input curren; at single phase rated voltage no load running is given from

Eq. (2) and Eq. (9) by the relation

                                        '

                    - --            A',=. .E . .El(ZN)i-o.
                 (Zp)g-o El(Zb)s-e+El(Ztv)s-o
                                                                           (10)
                   Il E/(2b)s-i
              N-              mv- -- -. -                 (Zp)s-to E!(Zl))+E!(Zi･)s-i

from which

                             --            El(2p)s-o=:zie .E<(ZP)S-i. (11)
                          El(Zp)s-iinAo

    On the other hand, the input current I at three phase rated voltage no load test is

            ---            h==EIA/lj(Zp)s-o v (12)
    Therefore, substituting Eq. (11) into Eq. A61･2)

                                                                            '                  ; --            kr` 7ALIi'J .E,!vg!(V2t5,(tlili/tli;i!v-g- ' (i3)

from Eq. (5)

             ---            E!Vg(Z.),.,==k

then Eq. (13) reduces to '

            ,ib=tA.･,tg!(il,-A.) ' (i4)
where AN=Ao!V-Ei', from which calculate the three phase no load input current Il)

                                          .from the sidgle phas no load input current Ao.



are

the

           4 == i,i -･ 1'is2 = k exp( v'op

                  es=tan-iis2/isi, k=:Vt-'si+is3'

            .           AN == aNi -juN2 == AN exp( v'eN)

                  eN=tan-iaN2/aNi, AN==VaNl+aN3

                                '           ik-AN'== (i,i-aNi) -7k is2-aN2) =Fexp( --j6tip)

                  eF == tan-i (is2- axv2)1(i,i-aNi)

                  F= ,v!(isi-aNi)2+(is2-- aN2)2

           .'. Ib=ANIk/Fexp{--j(etr+es-eF)} =Dexp(-pm)

                  e=eN+e,-e., D==A.lk/F

           ,           k : =io!-1'io2 =Dcose--jD$ine

                  ioi=:Dcose, io2=,D$inO

              '
   These calculatioh can be made in a construction method more
                                   .       '
   2.3. Results ef experiment. The authors made single phase

tests on testing motors of various rating. The table shows the

results converted from single phase test values with

                               3. Conclusion

   When three phase source is not available, by using above

equation, the three phase induction motor test which is indispensable

    Characteristic Calculation on Three Phase Iladuction Mbtor by Single
                    Phase RatedFrequency Test

Therefore, from the single' phase no load test, the results such as

       E =rated terminal voltage

       Ae==single phase no load input current

        .       Pe=single phase no load loss

obtained, it follows

       2,:-:.a.':,ti"o2 ･ .1

       ar2=YAg-aol ' I
       AN==Ae!Vg =ao!/VJEI-v'ao2/V+5"= aNiv'aN2 i

Using these results and the results of shgrt circuit test

        .       Iii :'"isiv'is2

¢ircuit diagrarn elements of three phase no load test are obtained as follows
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            conveniently.

               and three phase

              comparison of the

that dire¢tly measured in .the three

mentioned converting

     to calculate the



Table. Results of Experiment
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Capa¢ity P(kw)
Vbltage E(V)
Current k(A)
Frequency f(c/s)

No of Poles p
Voltage E(V)
Current k(A)
In Put We (W)

Current lg (A)

Voltage Es'(V)
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60

4

200

2. 03

150

6

41

210

200

3. 15

176

6

48

L5
200

6

50

4

200

2. 74

130

6

36

200

200

4. 25

168

6

42

140 i 136

*A
2. e3

 O. 43

 1. 98

29. 3

14. 45

25. 45

*B A B
 1. 94

 O. 51

 1. 88

28. 9

14. 10

25. 2'

L9
29

2.74
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4. 55
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 4. 48

85. 8

48. 5

70. 6

B
4. 39

O. 82

 4. 30

88. 9

-51.8

73. 7

 1. 52

29. 2

*A:

*B:

Three phase test

Converted results,

results.

 from the single phase test to the three pase values.
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characeristic, is to replace the test at single phase rated frequency source. This method

causes only tolerable errors and can be put to practical usd.

    The merit of this method is as follows.

      (1). Three phase source is not necessary.

      (2). It requires only simple voltage regulator.

      (3). It requires only one ammeter and wattmeter.

      (4). The rotor need not be looked at short circuit test.

    On the other hand, the following inconvenience attaches to ix..,

      (1). The conversion of no load current is a little complicated. (but the use of

constructing method, makes it pretty simple).

      (2). Special starting device such as starting capacitors are necessary, because

the motor per se had no starting torque at single phase source.

    But it is a great advantage of this method, as it is possible to obtain the character-

istics of three phase induction motors without three phase balancing source.

    As another case, because two separated distribution areas exist in the nation, it

often becomes necessary to make the characteristic test of a 50clls three phase induc-

tion motor within the 60cls distribution. For the problem we will discuss in another

paper.
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