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Modular Concept Simplifies Design of
16-Output Supply

David Ahronowitz, Century Electronics, Westlake Village, California

Design tradeoffs led to a modular design approach for a militwry airborne
power supply with 16 outputs and 320W total power out.

W& often get requests for the de-

sign of a power supply that must be
completed “yesterday.” [n this case
it was almost that bad, we had five
weeks to produce a design whose
firstspecificationrevision was hand-
written by the customer on one page
with only basic electrical require-
ments and preliminary outline di-
mensions. The customer necded a
working breadboard for integration
tests in their system. Most of the
speci lcation requirements { Table 1)
were not finalized, so we had to
produce a quick and flexible design
without taking too many risks with
new technologies. Having to pro-
vide 16 different output voliages
complicated lhe design. A warking
breadboard that met all specification
requirements was completed within
five weeks.

Using standard off-the-shelf DC-
DC converters could be a good ap-
proach, especially because of the
short tumaround requirement, PC
board-mounted converters require
too much space. Potted converters
create pweight problem and they use
many nonstandard parts. And, hy-
brid converters are too expensive,
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Figure 1. 16-Output Supply.

about $500 per output, $8.000 for
the converters only!

A main switching converter with
fifteen additional outputs generated
from the main transformer second-
aries could save components, but the

transformer would be very expen-
siveto build and would contain com-
plex windings, causing beat prob-
lems. The no-load operating require-
ment on the main output would re-
quire a pre-load circuil.
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16-Output Supply
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Paramater

[_Tabre 1. Power Supply Specifications. |
e |

Valua

Inpul Valtage

1153208 VAC

|

407 Hz. 3-phase

Input Freguency [MLIL-5TD-T04)
Oulput 1 +5Y (@ AA l
Oulput 2 +3 @ 454
Qutpat 3 SV i 2 o _.I

| Output 4 +5~.f@zh¢; R
!_ Ouput5 | SV @ 0.TA —!
| Cupuws sv@ost |
I Cuiput 7 [ <104 @ 1,54 .
! Cralout & +15W (@ 1 5A
Il.  Cuput3 I
' Qutput 10 =15V {@ 0.6A .
Dutput 11 15V @ 0.6A i
Output 12 <28V @ 5A
Output 13 IOV 3A I
Dut.|.:|u‘. 14 E -3w_@;__ ;
Output 15 . :'Tu" 5] ﬂ.S:A : ‘
Dutput 16 BV @ 0.84 |
T-:I;;I_-DEp_u;n;er S20W |

Rippleisoise 40 mV p-p @ BW=20 MHz i

Etticiancy B0 min.
Protedion ' Ouerveltane
=1k Cutputs Indicator
| S
Irinigal (O some aulputs
EMM Par MIL-5TD-461
2olanmn Al autpets mus! ba isolated
Irom the input and freem all
alher outpuls |
Adtibuce, Vibration, Shock. |
Ervlfgnmanat Acoelaraton, Fungus, |
Hurmacity, Sslt
[
| Cealing Farced air
S Y|
Welght i Less than 8 Ibs.
Sire ! Tu¥xd Sin,
Components QPLITODESC, 0.019%:

MTEF | 25,000 Hrs,, Airbarne inbahit f;

Failurs rate Ins passhve

Use ol hinear post regulators could
reduce the cost, but the power sup-
ply would not meet the efficiency
requirement. Buck post regulators
would increase complexity o Lhe
levels ofindependent switchers with-
out any real saving in size and cost.
Magnetic amplifiers as post regula-
tors would have problems of short-
cireuit protection and poor dynamic
cross regulation,

Synchronizalion between con-
verters is generally recommended to
reduce cutput noise switching [re-
queney. Inercased output noise 15 a
result of crosstalk condueted and
radiated between the switchers. To
reduce size and component prob-
lems we decided not to synchronize
the converters. Even though there is
a very small distance between the
boards, the output noise ts below the
specification hmit of 40mV @ 20
MHz.

Packaging

The power supply has 10 PC
boards as shown in . The first two
boards include the EMI filter, impus
rectifiers, input capacitors and house-
keeping power supply. The nexi
seven boards include the sixteen
converlers, two boards with three
outputs each and five boards with
two outputs each. The lenth board 15
used for the output connector, BIT
circuits and output filters,

The power semiconductors FETs
and rectitiers are thermally connected
to the baseplate viaan L-shaped heat
sink. The power FETs and the outpur
rectifiers are selected so they do not
exceed the maximum junction tem-
perature requirernent of 1 10°C. This
design evenly spreads the heat-gen-
erated components and simphifies
the assembly of the power supply.

The 115208 VAC, 400 Hz, three-
phase input has an EMI filter and is
transient-protected per MIL-STD-
461 in the EM] section. From the
EMI filter the AC is rectified by a
three-phase full-bndge 1o conven
the AC into DC. The rectified 250
WD 15 inrush current hmited with
an active circuit. The DC is npple
smoothed by the input filter capaci-
tor. Filtered 280V DC from the input
capacitor s applied across all the 16
DC-DC forward converters ( Figure
Z) and the housekeeping power sup-
ply. The block diagram of a typical
[orward converter is in Figure 3.

The hovsekeeping power supply
15 of a flyback type converter that
converts the 280VDC o 17 regu-
lated and isolated low voltage out-
puts. One oulput is used for the ac-
tive in-rush current himit circuit, all
the other 16 cutputs will bias the 16
converters control and drive circuits.
By controlling the housekeeping
power supply tum-on and -off, it
will control the sequencing and the
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Figure 2. Simpiified Block Diagram of 16-Oulput Supply.
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16-Output Supply
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The 280% LW from the main input
capacitoris apphied across the power
transformer, currcnl sense [uns-
former and the two power FETS.
The secondary voltage from the
power transformer s rectifed and
filtered to rencrate the output DC.

Outputregulation tsaccomplished
by wsing the UCIRA5, o corrent-
mode PWRM 1C, 1t senses the outpul
voltage via o sense resistor network
and the promary current via e sec-
onidary winding of the current trans-
tormer. The oscillator switching fre-
quency s about 200kHz A drive
transformer m the drove seetion iso-
lates the input fromthe output. and a
parr ol NPN and PN transistors ina
lotem-pole conlpuration |s used.

There are two current linut cir-
cutts for high relabiliy: a prinary
current limil, achieved by the cur-
rent sense transformeranda second-
ary current limit, achieved by asense
resistor together with an external
operation amplifier

The overvoltage protection cir-
cuit uses a dedicated reference volt-
nge and an NN transistor e creale
a self-recovery-type OV, which
dt':'l.?."-l not fﬂqll]]ﬂ flll!l[li_'f11ilr:'.’ 'I'l.‘l'.:}"-
cling of input power aller recovery
from overvollage on the output, [n;]
reduce voltage stress on the FE
Wiy oweT FETs arc connecled in
series.

The MTBIF calculations were per-
formed m sccordance with MIL-
HDPDBR-21I7E, using the Recale-2
computer software prozram. The
L]'I"nl'lﬂf'li'l'l nt: I| {L]I'I-I'llilﬂ“\ WG
553°C Ambient Temperiture for Ade-
borme, Uninhabited, TFighter, The
MTBFE calculation results were
32,798 hours, whicl s well within
the specilications,

An imporiant advantage w this
makdular design 15 that the power
supply manufacturer can offer this
basic power supply for other appli-
cations that require diffecent output
voltipes or currenls Mew power
supply requirements can easily be
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met by taking our
converterboards | v ] =
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Figure 3. Forward Converter.

ALSO AVAILABLE:

AC750 Series POWER SUPPLIES

SINGLE, DUAL & TRIPLE QUTPUTS
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