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       D.C. Dynamic Braking of Sinle-Phase Induction Motor

                Shinnosuke OKADA*, Sy6ji INouE* and Gor6 OKuyAMA*

                            . (Received Nov. 30, 1962)

        It is well-known that the method of predetermining the d-c braking torque-speed
     curve of the poly-phase induction motor by using equivalent circuit is fair}y accurate.

        The obiect of this present paper is to show that this equivalent circuit method
     given for the poly-phase induction moton can also be applicable in the case of the

     single-phase induction motor.

                                   1. Theory

(A) Equivalent circuit

    The equivalent circuit of a single-phase induction motor is shown in Fig. 1, a rather

more general form than usually adopted. The quantities V2p, VhN, Xi, X2 and Xm are

all based on the unit angular frequency ws, while the stator supply is at angular frequency'

wi, the rotor speed is w2 and the positive rotor currents are of angular frequency (wi--w2).

and the negative rotor currents are of angular frequency (wi+w2). For simplicity, the-

statorlrotor ratio is taken as unity. Fig. 1 shows the actual value of the e.m.f. and the･･

reactance for the assumed condition.

    The torque exerted on the rotor is proportional to ¢2phpcos¢2p and -¢2NhNcosdi2N

and since ¢2p can be taken as pr6portional to V>p, similaly e2N proportional to V>N, ther

torque expressed in synchronous watts, based on synchronous speed ws, is given by

                  T = va.l2p costo2p- V>NhN cos¢2N

    The equivalent static circuit is then derived by dividing the positive rotor resistance,.

reactance and e.m.f. by (wi--w2)lws and the negative rotor resistance, reactance and.

e.m.f. by (Wi-l-w2)!ws, so that the actual rotor circuit is replaced by two flux linkage･

with anglar frequency ws. The stator circuit is also modified similarly, dividing its voltage.

resistance and reactance by wi/ws. This leaves the currents and phase angle unchanged..
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Fig. 2. General equivalent circuit.
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`The resultant circuit is shown in Fig. 2, in which the angular frequency throughout is we.

    The torque T, expressed in synchronous watts referred to the synchronous speed ws,

1(Sw?ZWw,gi,Vgon tbhYattle poWer diSSiPated in the rotor resistances, .R2w,!(wi-w2) and R,w,!

                  T=rZpR2ws!(wi-w2)-ISNR2wsl(wi+w2)

    The circuit shown in Fig. 2 is valid for any
                                                        k Xle
values of wi and w2. Under dynamic-braking
                                                            Ln 4
conditions the stator current is direct, i.e, wi==O .
                                                            Xnt
and the equivalent stator applied voltage and ･
                                                    ･+resistance become infinite.
    When wi=O, the effective rotor resistance ''J' ihl

                                                            Xni
become -R2(wslw2) and R2(ws!w2), therfore

the torque:
                                                                   X2

     T==-I:pR2(ws!w2)-I3NR2(zvs7ed2) Fig. 3. Dynamic-braking
                                                        circuit.
    The stator impedance and voltage need not

be shown and Fig. 2 can be further simplified to Fig. 3.

                       '                          '(B)' Torque equation

    In Fig. 3, if the negtive sign of positive rotor resistance is omitted, the positive

circuit impedance is equal to the negative rotor circuit impedance.

    Therefore ･
                   I2p=I2N=I2 V2p==V2N==Vll

    . Iinp=IinN=:ILn
                   Ii= 1in+l2 I}rb= V2liXin

                   h == V,!{R, (w,!w2) +1'X2 }

               .'. Ii=I2(R2(ws!w2)+1'X2)LiXm+k

                    =I2[{R2(wslw2)+7'(X2+X}re)}LiXm]

                              A jXlrb
                   I,=
                      R2(w,!w2)+7'(Xin+X2)

                          ' IIXZ,
                   I3==
                       (R, :; )2 + (x, + Xin)2

    The torque

  ., T==-2i3R2(wsiw2S==(.-,2w.iliiig,iiili[llill(lktt))2

 the maximuTn value of T is found to occur when

                  ･ R, (w,/w,) == (X, +.Xin)

                           -IIXdi ･ and                   Tua= (x,+x75-
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                         2. Confirmation of Theory

                                                                     lt
   The capacitor-start single-phase induction motor, detailed in Table 1, was coupled to

aseparately excited d-c machine. ･
   The armature current of the d-c machine was supplied to a Ward-Leonard set and

the field current of the d-c machine was maintained constant to allow subsequent torque

calibration of the machine. The direct stator current of the single-phase induction motor

was maintained in a fixed value, while the speed of the single-phase induction motor and

the d-c machine was varied by adjustment of the armature current of the latter via field

regulator of the Ward-Leonard set. The dynamic-braking torque was measured by the

input to the d-c driving machine, i,e. the total input torque minus the loss torque gave

the net dynamic-braking torque, when L =O, the d-c driving machine input for each speed

was shown the loss torque.

               Table 1. Capacitor-start single-phase induction motor

Rating

Machine constant

200Watt, 100Volt, IPhase, 4pole, 50･v60a-
R, == 1.6 2, R, == O.8 2 X, == 1,0 2 X. == 23.0 2

X, =2.0 2

   It was found that lack of agreement between the theoretical and experimental torque-

speed curve Fig. 4, increased with speed. It was pointed out by Butler that stray loss

constituted the chief source of the lack of agreement for poly-phase induction motor.i)

   It is surmised that in a single-phase induction motor this chief source is similar. But

it is very diMcult to derermine the stray loss characteristic of single-phase induction motor,

and so we did not confirm this. The rotor iron loss is neglected in the equivalent circuit,

but the result, measured the rotor iron Ioss, account for very litlle of the discrepancy.

   The magnetization characteristic of the single-phas induction motor is shown in Fig. 5.

When the d-c exciting current Iin is larger than 3A, staturated condition begines and Xm

is variable. For those saturated condition, the graphical construction shown by D. Harrison

is valid.2) In Fig. 4. (d), (e) it is shown that the effect of saturation cannot be ignored

without serious error.

                                3. Conclusion

    The d-c dynamic braking torque-speed curve of a single-phase induction motor can be

predicted with good accuracy by the method of equivalent circuit, and the curve is similar

in shape to that of a pely-phase induction motor, in despite of the difference of the motor-

ing curve in shape.

              r
                                 Referenceg

  1) D. Harrison, P. I. E. E. 103, part A (1956).

 2) O, I, Butler, T, A, I, E, E. 77, (1956),
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