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Military and high-rel power systems place specific isolation requirements
upon the designer. Four circuits can cover a wide oufput range
possible in such biashousekeeping power supplies.

ast off-line power sup-

plies and de-ro-dec con-

verters require galvanic

isolation from input to

OUIPLE, Inpub o cﬁlssis,
and output 1o chassis. The main rea-
sons for the isolation requirement are
satety- most relevant in off-line
power supplies — and systems require-
ments to connect one of the outpur
roles ra the chassis, which is most
relevant in military applications.
Mavy Design Guidelines-NAVMAT
P 4555-1, section 4 also recommends
building “an intermal housekeeping
power supply to isolate sensitive cirs
cuits from the hostile power line, to
improve human safery und to allow
control of the power-up and power-
down cycle”.

This article describes four circuirs
used for biasthousekeeping power sup-
plies within transformer-isolated ac-
to-de power supplies and in deeto-dc
CONVEriers WiT.L an overall contral
teedback loop. Advantages and disad-
varntages of each circuit, MTBF cal-
culations, cost, size and weight are
discussed. Finally, conclusions and
recommendations to the designer are
included.

Curpur power of each housekeep-
ing power supply is about three warts,
These four circuits are used i mili-
tary and high-reliability power sys-
tems from 10 watts to 3000 watts of

output power, with single and multi-
ple outputs, protection and BIT cir-
CLITS.

Circult Descriptions

In Figure 1, showing circuir *A",
Tl is a step-down transformer which
provides voltage solation and,
togerther with diodes CRI-CR4 and
1, creates unregulated de volmape.
Voltage repulation is provided by
zener RS and the pass Darlington
transistor (01, The advantages of this
circuit are its low cost, aisenn:c of
additional switching noise and small
number of components, which
increases MTBE. However, it requires
a bulky rransformer, and different
transformers are required for 1-phase
or 3-phase inputs. There are also high
power losses due to its linear operat-
ing mode, causing lower than 30%
efficiency, and a large capacitor is
required 1o filter the line ripple.

In Figure 2, we see circuit “B". D
input voltage of 160V, from the rec-
titied and filtered 113Vac line,
applicd across power transformer T1
and FET (O provides flyback enensy
storage, voltage isclation, output
step-down voltage and bootstrap
winding. Rl provides a small current
to charge C5. When the converrer is
rinming, this bias cument is supplied
entirely by the converter, The peak
primary current is sensed in trans-

former T2, which provides the cur-
rent limit and current feedback. B2
and B3 together act as a feedback
voltage divider,

The advantages of this circuit are
high efficiency — over 60%, current-
limiting pratecrion, easy maodification
for 115%ac l-phase or 3-phase inpurs,
possession of a 160Wde inpur oprion,
and the capahility to have more out-
puts added o the HKPS,

The major disadvantage s a high
number of parts, causing a high price
and low MTBF. When operating
from a 230%ac input, a high-voltage
FET or a twa-transistor flyback topal-
ogy is required.

[ Figure 3 (ciccuir “C"), unregu-
lated 28Vde is applied aceoss power
transformer T1 and FET 1. Tl
provides flyback energy storage, vole-
age isolation, ourpur step-down vole-
age and bootstrap winding. Bl and
CR2 provide the start-up voltage for
Ul When the converter is runming,
the volage is supplied entirely by the
bootstrap winding. The peak primary
current is sensed in transtormer T2 to

rovide the current limit and feed-
Euck, B2 and B3 act as a feedback
voltage divider.

The advantages are high efficiency
— over 60%, current-limiting protec-
tion, and constant switching fre-
ﬂ;:enc}'. usually higher than that of
the main power supply, The major




Env: Ground, F Armnbient T: 65°C Parts = 12
FR= ﬂ-311-292ﬁ frmillion hrs. MTEF= 261147 20000 hrs
Rec# Part Nurnber Parl Type oy Rel Dres Total FR | %Fit Feiadvnninaes ape bioh orie and Yo
1. UC1B44/EEIR IC{Lneary | 1 u1 0195146 50, 9% }s!I:"EBb dli““ {U F ﬁiﬂﬁ nt"“hm ot
2. ITX 2NGR02 Tramsistor 1 (93] 0.0 00 L] parts. !
X ITH AR5 Diode 1 CR1 000225 0.06 1n FIg‘LlI.‘E 4, circuit [, Ql and CTR1
i, [TX 1N4454 Dinde 1 Rz 0000175 U5 supply regulated 15Vdc to the free-
5: [TX 1M5615 Dicde 1 CR3 0000392 0.10 running [Royer) converter. This con-
. |TX 1M4d5d Dioue 1 CRa 0.000175 0.3 verter is o self-cscillating circuit,
F RCRIZGEEI)S Resistor 1 R’ 0005003 1.1 Transistors (22 and 23 are driven
B RNCSOHIS02FR | Resistor 1 R2 0000300 .08 from positive feedback windings on
™ T T : m B 000265 YT T1. Rl starts the oscillation by turm-
i RLROGCA292FR Resistor 1 Ra T .06 ing on Q2 and tumning off Q1. The
s R i = B T S transformer core saturates at the end
12, RLROSCIOROFK | Resislor 1 R 10,0002 .08 of each- half w'"lti- ——
Just as in the Fipure | circuit, low
13, RLROSCI0OZFR Resistor ‘1 7 0.000230 .0 cost and high MTBF are created
14 RLROSCIO00FR Resistor 1 R 0.000230 i through a low parts count. Linear reg-
15. MINTA0-1357 | Capacitor | 1 C1 11,0000 30 a1 ulator 1, however, causes high
16, MINNAN-1593 | Capacitor | 1 cl 0.000031 o power dissipation at high line mput,
17. MEDNATN-1357 | Capacitor 1 3 0.0G000 0.4 and the oscillator senerates noise,
i, MISOTA0-1563 | Capacitor | 1 s 0.000032 001 which is often of a lower frequency
. 39003 2784 | Capacitor | 1 o5 T T than that of the main switching con-
. BAIHMIITN 27 Capci o 1 Ch ORI 0.15 rari. I|:Jl-l ci1dlfl'tlﬂl“‘ |ﬂrge L. pelaldt_s
. o1 ' Inductive | 1 T DA3GMZ | 3560 Gefefine SUENE SeumEan PLEOUh
e _ = : cause high peak power dissipation in
FF ooz Inductive 1 T2 [.025558 6B the rransistor.
Table 2. MTBF Calculation
MTBF calewlations for Cercure B The MTBF calculations were done
for the four circuits in accordance
with MIL-HDBE-217E, using the
T i B The thien Cromncronss! o
= : iy :
Rec# Part Mumber Part Type Qiy Ref Des Total FR SER fiﬂﬂﬁn were ambient Temperatuee of
1. SCIBA5BASE I (Linearl | 1 0] 0.195146, 29,35 = 65°C and Ground-Fix. .
2 ITH M6 Transistor 1 o 00716100 4.07 The MTBF resilts were relatively
= TP TS T 3 — e = high, from 2.5 million hours to 6 mil-
lion hours,
4 el Diode 1 cRt 0.003704 0.34 It seems that the flyback HKPS —
5. ITX TM4454 Diode 1 CR3 (1.2 0.06 circuits B oand C - have about hall of
6. IT% 1N4454 Diode 1 CRa 0.0 75 0.04 the MTBF hours of the other twa cir-
I ITX M54 Diede 1 CHS 0000392 010 cuits, The major cause is the high
8. RCRIZG302]5 Resisior 1 &1 0000442 0.1 part count in the flyback circuies,
g, RMOSOHT2FR Resistor 1 B 01 OR300 .08 Circuit B has abour 500,000 hours
0, RNCSOHT621FR | Resistor | 1 | 1B DS | 07 more than circuit C, awing ta the
11. RLRISCATRIR Recielon ; B DR o addirional zener diode CR2 in circuir
1 HLROSCTSUMFR Resistor 1 B5 0.000206 0.05 &
13 RLEOSCHOROFR Resistor 1 Rb (1. CH2Ad 0.0 Cost Cumpurlmm
14 RLROSCIOORFR | “Resistor L 4 0000216 005 The price comparisons shown in
15 RLROSCIOFR | Resistar ! Ry 0-DO216 0.05 Table 5 present estimated prices of
16. MINAT-1357 | Capacitor | 1 C1 0000099 0.02 the electrical components used in the
17 MIFI40-159 | Capacitor | 1 [ 0.IKNGZ12 0.0% four different HKPS circuits. The
16 MIHAMN-1357 | Capaciter | 1 3 0 D00 oo prices are based on hundred-piece
1. MISOTAM-T320 | Capacitor | 1 o4 FRTTII0E .03 prices from "book prices” and infor-
£ M39003/01-2784 | Capacitor | 1 o 02006 et mation from distributors,
. MIF0VTH 278 | Capacitor | 1 Ch 002006 051 Higher part FRATS, AR the
z ndoeive | 7| 1| owes | 7 ity ekl g i b
] LA Incluctive 1 T2 0023593 5.97 running circuuts.
Table 3. Conclusions
MTBF calcularions for Civeuit C Based on the MTBF and price
comparisons, it seems that the flyback

HEFS are less reliable and more




MTBF caladations for Civeuit D

Env: Ground, Fix Ambient T; 65°C Parts= 16
FR= 0.176805 f/million hrs. MTBF = 3635933.5000 hrs,
Rec# Part Number Part Type | Qty | Ref Des | Tolal FR | %FR
1. JTX 2M6301 Transistor | 1 o O 2264 1.28
2. JEX N39S Transistor | 1 o2 0. DO0RGS 0,50
3. JTX 2W3019 Transistor | 1 Q3 0, D093 050
4, IT% 1N965 Diode 1 CR1 0. 002659 1.50
5. JTX TN4454 Diode ] CR2 0.000261 015
[ JTX 184454 Diode 1 CR3 00261 .18
b ITX IN5615 Diode 1 CHA 0.000341 0.7
i |TX IN5R15 Diode 1 H3 00003407 0.97
9. JTX 1N5615 Diode 1 CRA 0000301 0.7
0. |TX IM5H1S Diode 1 CR? 000030 07
11. RCRI2GH10]5 Resistor 1 R1 0.000150 0.08
2. RCR32G100JS | Resistar | 1 R2 0000150 | 0.08
13. RCRIZG302)5 Resistor 1 R3 0. 00009 0.06
14. MIFONZAN-2784 | Capacitor | 1 o | 0007647 0.93
15: M3B00301-2784 | Capacitor | 1 2 0,00 fet 7 0.93
16. 0 Inductive 1 m 064677 | 93,14
Table 4.

Component Price
Part Type | Circuit A: Circuit B: Circuit C: Circuit [;
IC {Linear) o % 5.50 % 5.50 -
Transistar % 1.00 % 6.00 % 5.00 §7.00
Dl e $4.25 $2.25 % 3.00 5475
Resistor %015 % 1.40 % 1.40 5 1.50
Capacitor § 4.50 $ 3120 $3.20 1200
Inductive $20.00 $20.00 $20.00 $15.00
Total §249.90 $36.35 $38.10 $30.25
Table 5.

Comparisom of estimated component prices for four HKPS circuits

B'I"us_ ‘Power 5upp!ie§

expensive than the linear and free-
running HKPS. However, since the
HKPS is a small portion of the power
system, the effect on the system
MTBF and toral cost will be wvery
small.

Flybuck HEPS are notable for therr
small size and hght weighe, about
60% less than linear HKPS. For mili-
tary — especially aithorne — applica-
tiens, this is an important advanage.

Flyback HKPS in off-line applica-
tions use hiph-volrage de from rec-
tified input, so the same HKPS can
be used in power supplies with
115%ac, l-phase ar 3-phase/d-wice
mputs for airborne applications or can
be wsed for 160Wdc inpur in LIPS
backup systems.

A further advantage of the flyback
HKPS is its ability 1o control its soft-
start/start-up time. This feature is
especially important for power sup-
plies using input inrush currenc-limir-
ing circuits and overvoeltage
protecrion circuits using the V. from
the HEPS.

Based on the above data, the
tiyback ropology is recommended for
most military HKPS applications. [
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Please rate this article on the
reader service card..

Useful, 215. Somewhat Useful,
216; Mot Useful, 247

Century Electronics 15 a custon, semicustom ind st
dard designer and manufacturer of high relinhility military,
aerospace and industrial application power supplies, convert:
ers and  lransformers. Fstablished  in 1973, Century
Electronics has accumulated a tremendous wealth ol ex
perience and experlise over aur years of conlinuous oper
tion. Century offers a complete line of milenvironment.
industrial, commercial and custom power svslems, We invite
vour inguiry and specilications which will receive immediate
altention.
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Figure 5.
Military 200-werr dfdlc converter wing HKPS

Env: Ground, Fived Ambient Tt B5°C Parts= 11

FR= 0, 165085 Tfnﬂflinj_\"h_r:; & e _MIPF_ ﬁl!ﬁ?:ih__lmglﬂ_ =
Roc# Part Number Part Type | Oty | Ref Dea | Total FR | NFR
1. ITX 23019 Transistor | 1 o 0.002974 1.80
. ITX 1M5615 Dricscde: 4 CR1-CRA | (00304 1.83
3. ITX TN565 Diode 1 CRS | t.oozT2y 129
4. ITX INS615 Drigsle 1 CRE . 02 0.30
5. RLE2OCISOFR | Resistor |1 [Ra [ [ o015
B, ISR 2792 | Capacitor | 1 1 ] 3.42
7. M0 -2784 | Capaciter | 1 ) 000523 0.0
8. | o Inductive | 1 LL | 0149055 | 29

Table 1.
MTBF caloulations for Circuir A
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