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Magnetic Amplifier Regulation of Switch Mode Power Supplies

Basic Design of Saturable Reactors

A Magnetic Amplifier (or “Mag-Amp”) is a post
regulation method utilizing a saturable reactor (wire-
wrapped saturable core). It regulates the auxiliary outputs
of a switching power supply by delaying the rise in
voltage of a PWM pulse. In this note, the basic design of
a Mag-Amp will be discussed.

The transformer secondary voltage should allow,
after Pulse Width Modulation, for an additional 20% (i.e.
“headroom™) over the desired main output voltage:

Vg (Ton/T)=12-V, (€))
where:
Vs = Transformer Secondary Voltage
V, = Main Output Voltage

For the auxiliary output, the Mag-Amp delays the rise
in the voltage pulse by an amount AT. Hence the
auxiliary output voltage, V,, plus headroom is given by:

Vs ((Ton-AT)/T)=1.2-V, @
where:
V, = Auxiliary Output Voltage
AT = Delay time (see the figure below)

— Ton——

The magnetic flux blocked by the Mag-Amp, @, is
the shaded area above:
$ =V -AT [Wb] (3a)

Substituting Equations (1) and (2) into Equation (3a):
d=12-(V,-Vy/f (3b)
where:
f = Switching Frequency = 1/T

For the Mag-Amp to regulate the circuit, the
magnetic flux of the Mag-Amp must be at least that
obtained in Equation 3:

N- &2 P “
where:
N = Number of turns of wire
®c = Flux in Saturable Core

Another necessary requirement for a Mag-Amp is
that the area available in the core for wire winding be at
least the area of the required windings:

Aw Ky 2 N- Ay 5)
where:
Ay = Core winding area [mm?2]
Ky = Winding factor (typical value = 0.4)
Awi. = Cross-Sectional area of the wire [mm2]

The following is obtained from Conditions 4 & 5:
De-Ay 2 @I/ Ky )) [Wbmm2] (6)
where:

Is = Auxiliary Output Current
J = Average Current Density [A/mm?2]

The appropriate core is selected by calculating the
Right Hand side of Condition 6 and comparing the result
to the values of ®-Ay for saturable cores. Usually the
smallest core fulfilling Condition 6 is selected. Table 1
(on the reverse side) lists these values for Toshiba’s MS
Series of Amorphous Magnetic Saturable Cores.

Once a core is selected, the number of turns, N, in
the winding for the saturable reactor can be obtained by
rearranging Condition 4:

N2> & /. [turns] @)
where:
@ = Magnetic flux of the core selected.

The diameter of the winding wire, d, is:
d22-(Is/{m-J})05 [mm] (8)

Conditions 6 - 8 determine the basic design of a
Mag-Amp. However, specific circuit conditions
may indictate other selections be used.




EXAMPLE

Design a Mag-Amp to regulate an auxiliary
output voltage of 5V and output current of 4A. The
main output voltage is 12V and the switching
frequency is 200kHz.

For an auxiliary output voltage V, = 5V; a main
output voltage V, = 12 V; and frequency f = 200 kHz; the
required magnetic flux, from Equation (3b), for regula-
tion should be:

®=12x(12V-5V)/(200,000Hz) = 42 yWb

For an output current Iy = 4A; assuming an average
current density of J = 5 A/mm2; Condition 6 leads to:
P A, > 42x106Wb x4A /(0.4 x 5SA/mm?2)
> 84 yWbmm?

Therefore, from Table 1, Toshiba Amorphous Satur-
able Core MS 10x7x4.5W is selected.

From Table 1, the total magnetic flux, ®¢, of an MS
10x7x4.5W core is 4.73 uWb. From Condition 7 the
number turns of the coil, N, of the saturable reactor is
obtained:

N2 42 x106Wb /(4.73 x10Wb) =89
. N=9turns

The winding wire diameter, d, is determined from
Condition 8:
d22x@/frx5})%5=1.00mm
. d=1mm is selected

To regulate this output, use an MS 10x7x4.5W
core with 9 turns of 1 mm wire.

Table 2 is provxded as an approxunatc guide to select a Mag-Amp. It is intended to be used ONLY as Guide.

i Table2
| _Mag-Amp Selectlon Gulde (200 kHz)

 Forward Converter

: 2Amps o

OUTPUT CURRENT
4 .Amps

MS 8x7x4.5W - 4 Turns

MS 9x7x4.5W - 6 Turns

MS 9x7x4.5W - 9 Turns

MS 10x7x4.5W - 9 Turns

MS 12x8x4.5W - 9 Turns

8 Amps
MS Bx7x4.5W - 4 Turns
MS 10x7x4.5W - 4 Turns
MS 12x8x4.5W - 5 Turns
MS 12x8x4.5W - 7 Turns
MS 15x10x4.5W - 7 Turns

_ Output i'1 V.. MS8x7x4.5W - 4 Turns
. Voltages 3V . MSE&xTx45W- 11 Tums
Difference: 5V “MS 8x7x4.5W - 19 Turns
CA(Vy=V,) Y 'MS 9x7x4.5W - 13 Turns
e Bt 9V MS 9x7x4.5W - 17 Turns
In Touch with Tomorrow
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