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          Modified Self-Saturated Magnetic Amplifier with

                              Half-Wave Output

              Tsutomu ToKuDAI Yoshinao TAKAsHiMA* and Shiro HATA**

                             (Received November 30, 1963)

        In this paper, the modified circuit ot the self-saturated magnetic amplifier with the

     half-wave output, which consists of two cores, is described. The steady state operations

     of this circuit with resistive load under the d-c voltage control are analysed on the

     assumption that the core has an idea! parallelogram-shaped dynamic hysteresis loop.

     Moreover, some experimental results of the steady state operation are illustrated. In

     this circuit, the higher gain is obtainable<i) compared with the seif-saturated magnetic

     amplifier with single core, since the control winding may have the large number of turns

     in the modified circuit. The modified dircuit is simpler than the multistage self-saturated

     magnetic amplifier.

                                  1. Introduction

    The half-wave output is required in order to control some sorts of vibrator.(2)

Therefore, thyratron, SCR or the half-wave self-saturated magnetic amplifier are available.

Authors attempted to control it by the half-wave circuit and, for this purpose, devised a

modified circuit of the self-saturated magnetic amplifier.

    Origina]ly, the self-saturated magnetic amplifier has the hlgh gain, and so the half.

wave circuit js suitable in order to obtain the half-wave output. However, in the half-

wave circuit, the considerable higher impedance should be con'nected jn the control circuit

to prevent the effect of the a-c voltage induced from the output winding (winding is

abbreviated wdg. hereafter), during the exciting interval. Consequently, it is ;mpossible

to take a large number of turns for the control wdg.

    Fig. 1 shows the modified circuit As shown in Fig. 1, in the modified circuit, two
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control wdgs. are connected in series oppositely and closed through the rectifier Rec. 1.

Therefore, it is possible to take a large number of turns for the control wdg., so the

high gain is obtainable.

                           2. Principle of Operation

    The cores I and II have the identical magnetic characteristics. With respect to the

number of turns, the output wdgs. AJLi and Ne2 have the relation of ATLi=AT}2=:ATL, and,

in the same manner, the control wdgs. ATbi and ATb2, also, have the relation of Alki=:IVL2

=AT}. From Fig. 1, the induced a-c voltage in the control side does not appear during

the exciting interval. Since the constant reset current from the d-c source flows in the

reset wdg. AIR through very high impedance, any interferrance can' not appear during

the transient interval. Let us explain the principle of the operation of the circuit shown

ii Fig. 1. First of all, it is assumed that the magnetic characteristics of the cores have

the parallelogram-shaped dynamic hysteresis loop shown ip
in Fig. 2. The ampere-turns required at the point

1,2,3,････････････on the loop are designated ATai, ATa2, '

ATa3,････････････ respectively.

    When both the control voltage ec and the a-c source 2IN
voltage ea are zero, the flux of core I is reset to the

point O by means of the reset ampere-turns I2zNR==

2ATai, while the flux of core II is assumed to remain

at the point 2.

    During the interval of the positive half cycle of ea,

let the fiux of core I reach at the point 4 on the loop

when the phase angle tot=0. At tut==e, the exciting

current iica can flow through NLi and ATi2, and the XIN
circular current ig. will flow through the circular circuit

which consists of Arbt, N}2 and Rec. 1. Under this

condition, the ampere-turns acting on the cores are given

in the following relations Fig.2 Magnetic characteristics
on the coreI of the cores.
            -IleNR+istuAT}i+iexAILi=ATa4 (1)
on the core II

            HisxAT172+iimAIL2==ATct4 (2)
Combining eqs. (i) and (2), the following equations are obtained

                                 1            israATb2=IliNR-istuNbi="2IkNR (3)

            ispt=}tR- iii (4)
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According to eq. (3) and Fig. 2, by giving the ampere-turns isxATh2 to the core II, the

flux of core I is reset to the point 1, while the flux of core II is also reset to the point 1.

The reset ampere-turns 1/2×lhNR is maintained constant during the entire one cycle.
Consequently, the cores I and II are always given the constant magnitudes of the reset

ampere-turns. The circular current isva must flow always through the circular circuit and

is given by eq. (4). Under this condition, in order that the fluxes of cores change from

the negative saturation flux-¢s to the positive one +¢s during the positive half cycle of

ea, the magnitude of ea is determined as follows

           Ea = 4njILNL¢s (5)
where ea=Ea sin cat [Y]
                                                              Rc core l

           f: supply source frequency [cls] '

           es: saturation flux [I)Vb]

    During the negative half cycle of ea, since the

current flows through the output circuit, the fiuxes of

cores decrease by means of ea. At the end of this

interval the fluxes of cores returned to the Point 1 of

the loop by the voltage given by eq. (5).

    Now, ee is impressed. Under this condition the

equivalent circuit of the contro] side is as shown in

Fig. 3. It is assumed that the control-circuit resistance

R, is large enough. In case of i,<is., the great majority

of the control current i, flows through the circuit which

consists of Rc, Rec. 1, RR and ee, in order that the

rectifier forward resistance RR is smaller than the

control winding resistance Rve, and that ie can not flow

through the control wdgs. In case of ie'4'`'isx, since the

Rec. 1 blocks only for the current difference component

ic' between ic and isos, itc flows through the control wdgs.

    During the exciting interval, at the phase angle

tut=e when iim flows, the ampere-turns on the cores I

and II are given as follows, respectively, from Fig. 4

on the core I

                                     pt

   -IliIVR+isnIV}i+(ic'IVbim' ± ic'IV2,i)+iixNLi

     "ATa4+ic' AThi (6)
   L

on the core I

       '   -iscaNli2+( ; ic'ATI,2-ictNb2)+ilaNL2==ATa4 (7)

eq

(--ii?b-

Rec. 1

  RR

Mi

Equivalent
control si

Fig.

1
li-tc

3
the

M2

Rm
   core II

  circuit of

de.

ictNcl

ic'Ncl

,¢

6 +¢s5
iixNn
4i

1i 2,3rt

1

-AITc

.Os

+ATc'
XIN

coreI

23
iRNR

is' xNe!
ATa4'

i
p

 gi.,M,

Fig. 4 Ampere-turns relations
   of the cores for ic)r'isx.

+Os5
6
h
A
T
c

+ATe

6'

.XIN
t

Nc2x i
itxNt2 43eorell

ATa4
rOs 2

is' xNc2



 44 T. TOKuDA, Y. TAKAsHIMA and S. HATA
Thus, the following current fiows through the control-circuit resistance R,

                         .. 1                                   2i'e (8)                         Zc = tsx +

 '

The decreasing of i, is caused by the exciting current in the output circuit.

    As the phase angle of ea advances, the flux of core I reaches the saturation point 5,

resulting in collapse of the output wdg.-reactance of the core I. Consequently, since the

control side resistance referred to the output circuit is nearly zero, ea impressed across the

load resistance RL at ef.

    During the negative half cycle of ea, the

current given by eq. (8) exists, because of the

                                                 eaidentical current through the output wdgs.

    In Fig. 5, the wave shapes of the voltage

and the current in some parts of the circuit are

                                                 u
                                                 o

  3. Analysis of Steady State Operation

                                                 is

    In this case, i, can not flow through the

                                                 ' ------L--m--ny- I:9".l.rOL,WSg,S',,i2t.di.i-ll'I.,e.',d:r.i,",f.`Pe,?..O.SAti:e,h,ag.f i6,i'`i i'..--,d. i'..

                                                                   -ot =e ,equation below exists
                                                 Fig. 5 Wave shapes of the voltage
                                                    and the current in some parts
   i.= lill}l{iii{iYR+AzrL,,} (g)                                                    of the circuit.

Since the cores can not saturate, only the exciting current flows during the entire cycle

of e.. Employing A71a (0) which is the time function of ampere-turns A7-1, acting on

the core at tut=e, we obtain the average exciting current ILx as follows

                         2T 27r           iL.=- ;. -,-,Li {SihSlk de+SA7i.(e)de} (io),

                         oo
The second term of above equation is equal to zero, so that kx becomes

                 1 Ii,AIii

3.2 For ic);2:isx

3.2.1. Control.Current

    In this case, i', the current differenee between ic and istu, flows through the control

wdgs. and is concerned-in the control of the core flux. (ACZ-Us-A71z3), the ampere-turns

difference between two ampere-turns which correspond to +es and -¢s, is presented by

aAT. in Fig. 2.
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   Then, the relation between i', and ef is determined. From Fig. 4, the relation between

the magnitude of the reset flux and corresponding ampere-turns becomes as follows

           2T 7r+ef     .i,,,S-i,iz-sinede .',,iS-lilq--sinede

          AATa - liA7-lcz-ic'IVI,

                  .･. i,,= l} dA.zv7bii (i+ coser) (n)

                                '
    4 denotes the average value of i,' and is given by the following equation as can be

seen from Fig. 5

     Iz= 4i. AAIvT}"(2n-er) (i+coser) (i2)
                                                              '
As' isva flows already through the control circuit, taking account of lsi=iss, the total

average control current n is as follows

          1 dATa                                       1 ,ll,N.     h=: 4. Iv} (2z"--er) (1+cost7r)+lv} 2 (13)

3.2.2 Load Current
    During the exciting interval, it is assumed that ea is entirely impressed across the

output wdgs., and therefore the exciting current ila flows through the output circuit.

From eqs. (6) and (7), the exciting current iin at tut =e becomes

     i,.=: Iil>1{iiiSll! +Aru,+i'e2Aib} (i4)

Employing AT, (the coercive ampere-turntt5'-''h-nd dAIla, eq. (14) yields the next relations

during the positive half cycle

     i. ,,. i}I {lkge+ i'c2ATb +A7;1 '-L ;dAT. cose} (ls) ,,

                                                             '
during the negative half cycle

     i,.== ]ll}1 {IklYR+ i'e21Vl' I AT,- } dATa cosh- 5 AA7-h (1+coseD} (16)

During the positive half cycle, after the saturation of core I, it is recognized that the

constant ampere-turns remain in･core II. Thus, combining eqs. (15) and (16), the

average exciting current 1th is calculated as follows

                                                                      '     ll.= l. -1ivL-{lkllR (n+ef) +ATc(n-er) + t dATa (n-er) (i-coser)} (i7)

    After the saturation of the core I, the saturation component iis of the output current

.
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flows through Ni2, and consequently, through ATL2, the saturation component iss of the

circular current must flow by the current-transforrr;er action from ATL2 into AZI,2. The

equivalent circuit for this case is illustra-

ted in Fig. 6. Then, for the cases of R` IV}2 Ar}2
RR<R, and Rw<R, in Fig. 6, the fol- +'it Rec.1 ' ii,-
                                          ec-Rcisx RLlowing equations are obtained - RR i,,
                                                         .E--- .
                                                                    .'v     i,t!-=i eChRR,ciStC . Rw en==E2,sintut
                              (18) Fig. 6 Equivalent circuit during the
     .. ea     teS =f RI saturation interveal.

The average value ks of its is given by the following

                 T
     iis'i=F i. Ri,Seade=i-{73f a+coser) (ig)
                 ef ,

Thus, from eqs. (17) and (19), total average output current L becomes approximately

     L=i AIh{Iii{IYR(n+er)+ATc(n-or)+ i ]A7la(n-er)(1-coser)}

              1&           +2. R. (1+cOser) (2o)
From eqs. (13) and (20), the control characteristics are obtained theoretically and shown

"
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                             4. Experimental Results

    The circuit used in experiment is the same as is shown in Fig. 1. The cores are

Sendelta of O.1x20×80×110mm ; AIL=550, IVE==70. The reset current lk equals 208mA.

Fig. 8 demonstrates the effects of the control-circuit resistance variation on the control

characteristics. In this case, little dif-

ference of the control characteristics

exists for more than R.=9002. The

effects of the value of ATh are shown

in Fig. 9. The current gains are, in

the Iinear portion of the curves in Fig.

9, about 70,55 and 30 correspondingly

to the control wdg. of 900,600 and 300

turns, respectively. The major reason

why the current gains differ from the

experimental results will be that Al} is

more effective than Re as the number

of turns increases.

    The oscillograms showing the wave

shapes of it and ic are presented in

Photo. 1. Practically, during the neg-

ative half cycle of e., the flux of core

I changes very gradually by means of

the ampere-turns 1!2 >･'t LiArlb Even after

the flux of core II reached saturation.

When R, is low, the flux change during

this interval prevents the control cur-

rent from increasing.

    Fig. 10 shows the control char-

acteristics taken with the variety of

ea.

    The characteristic curve which

correspends to Ift==-174mA in Fig..9 is

one for the case that the reset ampere-

turns 1}.IV}i=174mAX70T are given to

the core II on which the new reset

wdg. NR is arranged, while the ampere-

turns on core I remains by IRN}t:=

208.,,. X 70..
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       5. Comparison with Self-Saturated

          Magnetic Amplifier

    If one compares with the self-saturated circuit, first,

the comparison with the half-wave circuit having a

single core must be done. The current gain equals 25,

in the half-wave circuit (the control wdg. of 900 turns,

the output wdg. of 550 turns, the load resistance 1002,

the control circuit choke coil of 30H, the control-circuit

resistance 3502, the source voltage 50V); while, in

this circuit, it is equal to 70, corresponding to A71,:=-T900

in Fig. 9. As this circuit consists of two cores, it is

necessary to compare with the two-stage half-wave

circuit. This circuit, however, is simple, taking account

of the dithculty of the multistage circuit.3)

                              6. Conclusion

    The steady state operation of the modified circuit

tions that the cores have the ideal parallelogram-shaped

circuit elements are also ideal. The usual cores,

differed from the assumed one, and especially the minor

Thus, the experimental results differ from the

    It is found that the current gain of this modified

half-wave circuit. In this modified circuit, it is possible

for the control wdg., and consequently, the current gain

    This circuit gives the same results for the a-c

now under discussion.
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