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Single Ended Regulation only, Mag-Amp Design
Using a CoreMaster E1000S Core

By

Colonel Wm. T. McLyman

The Single Ended Forward Converter and Mag-Amp are shown in Figure 1.
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Figure 1. Single ended forward converter with mag-amp.

Single Ended Forward Converter Mag-Amp Design Output Specification

Secondary voltage maximum
Output voltage

Output current

Overwind

Frequency

Maximum duty ratio

Operating flux density @100°C

Window utilization
Current density
Control

Magnetic material
Diode voltage drop

Vamax =16 V
Vo=5V
lo=25A
Ow=20%
f=100 kHz
Dmnx=0.5
BAC =025T
Ky=0.2
J=300 Alecm?
Regulation only
E1000S
Vg=1V
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Ideal Mag-Amp Waveforms

v Transformer secondary voltage.
-I—t-DH'—P' -l—ton—r-
t
v Voltage accrozs magnetic amplifier.
-—— Volt-second absothed
t
L 3
Reset voltage
I Load current through magnetic amplifier.
t
¥ Yoltage on the output of magnetic amplifier.
A F
[ Volt-second ahsorbed at low line
L= |.. T t
\ Reset voltage
Yoltage on the output of magnetic amplifier.
v
F
\t Volt-second absorbed athi%line
= ‘

Reset voltage

Select awire so that the relationship between the AC resistance and the DC resistanceis 1:

RAC :1
C
The skin depthincm is:
q = 6.62
JT
d= _ 662 _ 0.0209 [cm]

/100,000
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Then, the wire diameter is:
Wire diameter = 2d

Wire diameter = 2>0.0209= 0.0418 [cm]
Then, the bare wire area Ay iS:
pD?
4
3.1416>0.0418°
4

AW:

A, = =0.00137[cm?]

From the Wire Table, number 26 has a bare wire area of 0.001280 centimeters. This will be the
minimum wire size used in this design. If the design requires more wire area to meet the
specification, then, the design will use a multifilar of #26. Listed Below are #27 and #28, just in
case #26 requires too much rounding off.

Wire AWG Bare Area Arealns. Barée/lns. mANEn
#26 0.00128 0.001603 0.798 1345
#27 0.001021 0.001313 0.778 1687
#28 0.000804 0.000105 0.765 2142
Step No. 1 Calculate the total period, T.
rol
f
= 1 =1040° [9]
100,000
Step No. 2 Calculate the maximum transistor on time, to,
ton = TDMAX

t. =100 °>0.5= 5[mg|
Step No. 3 Calculate the required pulse width, t.
t
tow = (Vo +Va ) X
MAX
5
t,, =(5+1) %5 =1875[ng]

Step No. 4 Calculate the mag-amp required micro-seconds, tma.
tr = (ton - o)
tye =(5- 1.875) = 3.125 ]
Step No. 5 Calculate the mag-amp control and clamp voltage, V..
T_10

Ve X

\/. = —smax ““ma
© toff
_16x3.125

V
¢ 5

=10[V]
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Step No. 6 Calculate the rms gate current, | gmg.

Ig(rm's) = IO DMAX
— 25%/0.5=1.77[A]
Step No. 7 Calculate the gate wire area, A ).
I rms
AN(B) —_9gms

J

1.77 5
=——=0.0059 [cm
Ave) = 55 [em’]

Step No. 8 Calculate the mag-amp apparent power, P.
R = Tg(rmy ¥smag O
P =177x6%.2=34[W]
Step No. 9 Calculate the required mag-amp core area product, A,.

A = P % _ x0*
238, xI XK,
-6 4
A = 34x3.125X10° X0 - 0.0354 [cm*]
2>0.25x300>0.2
Step No. 10 Select from the data sheet a mag-amp core comparable in area product A,.

Core number TCMO0232
Manufacturer CMI
Magnetic material E 1000S
Magnetic path length, MPL 3.5cm
Core weight, Wie 29¢g
Copper weight, Wi, 2449
Mean length turn, MLT 20cm
Iron area, A, 0.108 cm?®
Window area, W, 0.232 cm?®
Area product, A, 0.03584 cm*
Core geometry, K, 0.000777 cm®
Surface area, A, 10.4 cm?

Step No. 11 Calculate the number of gate turns, Ng.
Vsimay *Ouw X %0

N, =
2XA 8,
- 6 4
N = 16x.2X3.125X0° ®0 ~11 [turng]
g 2>0.108>0.25
Step No. 12 Calculate the required number of gate strands, Sy, and the new mMiW/cm
NS, = ﬂ
#26
0.0059
NSy, = =4.61lused
< = 000128
newm/ om = W/ em _ 1348 _ o6
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Step No. 13 Calculate the gate winding resistance, R,
aaWo, 6
=MLT N, c—=%40

RQ [*] gcm ﬂ

R, =2.0x1x336>0 ° =0.00739 [W]
Step No. 14 Calculate the gate copper loss, P,

Pg = I 92 RQ

P, = 1.77% »0.00739 = 0.0231 [W]
Step No. 15 Calculate the window utilization, K.

_ Ny XAy NS,

u Wa

_11>0.00128>4

! 0.332
Step No. 16 Calculate the watts per kilogram, WK .

WK =4.154X0 7 xf 9% @ %**

WK =4.154X0 7 x1.00,000"%* x0.25°** =84.9 [W/kg] or [mW/g]
Step No. 17 Calculate the core l0ss, Pre.

P, = MW/ g) W, 40

P.. =84.92.9X0° = 0.246 [W]
Step No. 18 Calculate the total loss, Ps.

Ps = PCu + PFe

P, =0.246+0.0231=0.269 [W]
Step No. 19 Calculate the watt density, Y .
v=5

A

vy = 9299 _ 4 5059 [wien?]
10.4

K

=0.169

Step No. 20 Calculate the temperaturerise, T,.
T =450%Y 0826

T =450>0.0259°%° =22 [°C]
Step No. 21 Calculate the magnetizing force in Oersteds, H..

WK
84.9
H. = 2.2 =0.0818 [O¢]

° "~ 0.019>0.25X100,000
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Step No. 22 Calculate the control or magnetizing current, |.

_ H,xvPL
" 1256,

_0.0808x2.0 _ 0.0117 [A]

™ 1.256X1
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