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Distributed power supply matrix systems (DPS&YI[1]are gaining more application due to spreading

of not only digital principles of processing signals, but constructive design of blocks for large systems.
Matrix technologies are literally quickly evolvingdguipmentimplementation of digital netwdc
devices, supercomputers, radars, also televisprgtocamerasand in many other devices. In any of
these there is a need for power supply units and systems, which are systematically buonétiox
principles of design.

The definition of distributed poer supply matrix systems DPSMS; is a combination of identical
power supply units (PSU), spread over tp&ane of a matrix and located in crossections of rows
and columns of said matrix, connected (usually) between each other by control buses and boises
exchange states information of PSUs.

Let’ s |l ook at systemic s
example of one of the most important

objects of the newest electronics active

phasearray radar— APAR [2, 3, /] . Let’ s
analyze some perspective solutions for

systems of power supply for APAR, specifics

of construction and arguable details, that

are presented in every newest technical

solution in modern life.

Thus, what is APAR from microelectronics
perspective?

APAR is a combinaion (canvas) of
receivingtransmitting modules (RTM),
forming a matrix (not necessarily rectangle) of rows and columnglane perpendicular to the
direction of a radiation beam. The main principle of ARARto perform, during signal transmission
and reception, a wideangle scanning of space not by mechanical repositgof radar, but by phase
control of beam of every unit of matrix, of every RTNLt. Since maximal resolution of such radars is
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directly connected witthow high signal frequency is, timeatrix gid step is limited to the haliength

of transmitted / received wave [2, 6]. As a consequence, considgriegently used frequencies
(radar wave lengths of tens and units wiillimeters), there is a physical limit of maximal linear
dimensions of RTMIlong theplaneof APAR antenna grid. Due to this, fiedd of power electronics
for APAR is met with prefixes Mini, Micro, MicroMini.

The mostimportant feature of APAR; practically equal to unityis the reliability of the whole grid
together with equipment located inthe grid, combined together as RTM units. To be fair though,
the unity reliablity applies to isolated and randomly located cases of RTM and antennas failure. The
failure of a significant part of the row is still however very unpleasanitigal [2].

Factually all/l APAR ncluded in the

maximal reliability of the matrix grid!

equi pment , [

Another specificity of APARis impulse power consumption of the grid.

Based on t @osdible tolloarnwrmain requiremants to DPSMS of APAR.

1.1 n the ©plane APAR’ s gri d, ghewdnmdeally bhec a |
avyYlttSNI GKFIyYy I KI .tFér ranged Sy C and & $he for PSI$ thdmisdix
lengths (including the coolingstem) are 33 mm, 15 mm and 9 mm, as per [1], table 1.

of

Range mark Radlatlog;rzequency, Wave lengthmm max. d|r;e£5|onk L,
S 2-4 150-75 70-33
c 4-8 75375 33-15
X 8-12 37,5-25 15-9

Table 1: frequency and wave lengths ranges

2. Atoutput of any PSU there must be a high quality (with minimal inner active resistance and
minimal inductance) storage capacitor to feed the transmitter in moments of current surges
at turn-on of the transmitter and also for reaction time of PSU. The auttaw already
discussed about minimizing the capacitor or even excluding it from the design, and is assured
t hat c ap acaeidessentiabor OF 8MSORARAR [7].

3. DPSMS must consist BEUslocated to maximum extent inside or in immediate proximity
to RTM—without this, the reliability of whole APAR could be catastrophically compromised.

There are sever al characteristic types of APAR
(located behind nose cone) as the most difficult technical obcbinstruct from the standpoint of

system of power supply.

There are basic (in regards to need of power suppbymponents of RTM [8], that act as a load for
PSUs: raditransmitting unit (RTU), phase shifter, radeceiving unit (RRU) and microprocessnit

of processing and control (MPCQgrtainly, there is a few more of such units, however those could
be included (load type wise) in some of above mentioned units of RTM.

Onfig. 1there is illustrated a construction of RTM, including components obdirg system
(marked with color blue).
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recieving-transmitting

module of APAR,
dimensions:
24x24x160 mm,
range C

RTU
output

part of cooling
system

location of input and
output connectors

Fig 1: ReceivingTransmitting module of APARRTM

As an example, we shall look at one of the typical power supply tasks, when the biggest load is the
RTU. Modern radar transmitters use Gddsed output transistors, that achieve much higher

efficiency compared to GaAs based [9].

The highest efficiency will be held by PSU with output voltage in rangk5 19, with use of
synchronous rectification, which complicates the construction and reiegresence of higlourrent
circuits in the unit, or with range 2680 V, which allows to simply the construction, designing PSU
without synchronous rectification and using circuits with decreased current values.

All other loads for PSY RRU, MPCU and tebhave significantly lower fraction of power draw
compared to RTU, circa not lower than 20 % of the whole load. For their power supply, usually
additional voltages & required, for example +5 V, +2/5-5 V.The quantity of additional voltages
usually pants to professionalism of complex specialisttower the number of additional voltages

one can achieve in one RTM, higher the reliability, simple the construction and better the
miniaturization. However, usually there is no need for galvanic isolaticorafnon wires of different
RTMs, which allows to design quite compact impulse stabilizers of small voltages, both positive and
negative, the smallness of which is ensured by high conversion frequencies, higher than 500 kHz.
Definitely, there must be doneuite a job by EMC specialists, familiar not only with HF devices, but

more so with field of impulse PSUs.

As a consequence,

n

presentfig )RSUt h o st posch béfef an

microminiature converterlbased on GaN trarsors) with galvanic isolationgconvertinginput DC
voltage of 27 V or 300 V (stated as referenteputput voltage of 28 V, required by RTU. Main
output voltages tlen allowcreation of secondary additional outputs of +5 V, +2,5W for RRU and

MPCU.

Exemplaryariant of such schematic design is showrfign2.
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Fig. 2: Simplifiedquadrupleoutput schematics of PSU, placed inside a RTM

Fig. 3:DC/DCconverters in individual cases: TESND20, TESND30, TESND50 and T&iSiNDigh
power densities in range-3 kW/dm?®

Profiles of RTM from 15 mm x 15 mm to 24 mm x 24 mm (range C) are well fit with the insides of
modified DC/DC PSUs of series TESND20, TESND30, TESND50 and TESND80 with high power densities
3-4 kw/dm® manufactured by AEPS group [10], specifically designed for solving power supply
challenges for APAR equipment. filn 3one can see outside appearance of PSUs in individual cases

for wide application range.

Schematics and location possibilities of giveSUs in RTM of APAIRw to create an impulse mode

with output power of 30 W, 45 W, 75 W and 120 W, and mode of medium power up to 20 W, 30 W,

50 W and 80 W, respectively. Such power characteristics cover needs of the most aviation tasks for
APAR in preent and close future perspective. In gives case, exactly this part of power supply system,
starting from bus of 27 Vor 300 ¥,4a dzy RSNJ GKS LINRPGiSOGA DS dadzYoNBf f
matrix grid of APAR [2, 5]The power supply system itself (actyalieing shortened and unfull!) in

such case is callatbcentralized marking its main flaw complete irrepairability (about other flaws,

declared in [5], the author is ready to richly argue). In case of failure of PSU during technological tests

one wouldhave to discard whole quite expensive RTM.

Howeverunfortunately, the victory in microminiaturization of power supply APAR system is quite

far. We have yet |l ooked at -pamlty o maustywpaymgno f co
attention to expensie RTM, quantity of which in modern aviation radars with APAR has gone over
2000 pcs. 't s now t h eatprimamneonboad pbwersépplat t he begi n

4 www.goncharovjet.com



Most often for primary power supply afthase generators used for example 3 x 115 ¥3 x380 V,

400 Hz or 50 Hz (for heavy objects). To create an intermediate bus of 27 V or 300 Vghaise3

pri mary power input, AC/DC converter is wused r a
very important to provide mor@r-less smooth, withotihigh impulse contents, -Bhase generator
load—otherwise energetic efficiency is lost and generator starts overheating. Smooth load is usually
ensured by power factor correction (PFC).

In standard case, such AC/DC converter starts with EMC filter, so the noise frofplaces impulse
devices can’'t get to the primary power bodger cui t s
highfrequency invertertransformer outputof which (after filtering)forms mentioned intermediate

bus

This part of power supply system of APAR is strictly centralized and has to fight for its reliability by
itself, using only one method leftback system of type N+M.

Input EMC capacitors and inductors ‘

Protective varistor circuits |

Start-up thermistor I

Super-capacitor block ]

Power transformers and
inductors of output filter

(TN

‘ Russian or english sticker

‘ ZVS forming inductor

‘ Aluminum or copper case

L Multi-layer printed circuit board Al

Output HF filter

Fig. 4: typical 3phaseconverter JETNA2000, without lid

Thus, vhole system of power supply of APAR, from output-phase generator to HF part of RTM, is

of mixed type- usually such system is called paitntralized. However for the author of this article

it’s motre degdermd from i deal to reality, -so | et’
centralized system of power supply, noticing that the most important advantage of APAR-itself
coefficient of practically unity, is denied by unreliability of centrali2&/DC converterT h u s , it s
important to tread carefully when choosing schematics and construction of such device, with
minimal loss in reliability.

Most fitting from present selling products are wittmperature planar haseinput converters of
seriesJETNA1006 JETNA5000 manufactured by ARHEBOUP [10]. This series has unprecedented
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low profile—unit height of 38 mm with series of output power from 1000 W to 5000 W. Functioning
case temperature range can be as wide-88° to +85° C. Power densities such converters are
higher than 2 kWdm®. Outside appearance of such unit JETNA2000 and his inside contents are
illustrated onfig 4.

To achieve high values of reliability of AC/DC
sufficiently hgh number of such devices [5], functioning with load coefficient of no more than 0,7.

For example for total power of-8 kW it ' s t-12ppieces 6f 20000W cosverters
JETNA2000, for 84 kW of t ot al p o we12 piecestob00 W epeverterssar y t o
JETNAS5000, and so on.

Ultimate planar design of indicated power suppliesdps create high amount of construction variants
of centralized AC/DC converter including cooling system.

Despite the flaws of such partiecentralized systertfig. 5) of power supply of APAR, i.e. decrease

of APAR reliability, such systematic and const
necessary to have intermediate bus of 27 V or some other voltage, belonging to the typical
accumulator voltag series, for example 48 V and such, [11, 12, BR)sence of 300 V bus may be

justified by tendency to decrease the weight of copper wires in power distribution system of APAR

grid. There are tasks, in which several onboard voltage generators are uded ant * s nece s s a
duplicate them—i n such cases centralized power supply s
necessity of conforming to principle of aggregatingien building complicated equipmeifdr land

based radars, for example, is a sei8s argument when choosing partdiecentralized solution.

3x380V

e e e e e e e
B OO OO 1O 0O
c1 OO OO O 10 C | 64x64=409RTM
N 1C101 18118118118 1C i
@D [D] [P [D] D] @ / ;
CIPICIPICIPICIBECIBICIDIC]E :
27V
N =13 M=3
16 x JETNA2000 N+M=16

Fig.5: partly-decentralized system of power supply of APAR

If in radar system there is no accumulator backup or there are no duplicate generators, the necessity
of above described centralizedCADC converter is doubtful. The author believibst such solution

in most cases might significantly worsen mastamensional and reliability characteristics of APAR,

and the existence of such solution might be explained only by subjective factors, foplexay
absence of complex approach to design of the whole radar system as whole.

Let’s try to |l ook into alternative way for the
or duplicated generators.
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The question is- why is there a need to convert AC of 3 x 330 V or 3 x 115 V into DC of 570 V or
170V, and then once again convert indicated DC voltage into another DC, for example, 300 V. In such
setting, there are six higanergetic (and because of thalossmaking heatwise) conversions:
rectification, filtration, conversion byransistor bridge of DC to AC, transforming with inductive

magnetic component (transformer), rectification againd filtration again. At all six stages there are

power losses and total efficiency of conversion would be not higher tha®49%, which means for

16 kW of output power -102®rokhkatlbss.be mi ni mum of 139

I f that’'s t he paisolaten, whthh map lbewnecasgary goanieet a requirement of
safety for human and technicafjuipment one of the conversionsfiltration after first rectification,

is clearly redundant, since rectifiedpBase voltage has strong DC content, which sesfitor
functioning of modern DC/DC converters. The capacitor in such case may be excluded from design,
even more so, in AC/DC converters an input filter electrolytic capacitor is a component of increased
unreliability, wh a t doesn’t al | amal canmerter furcctior &raperaturen whicha x
would be highly important for increasing efficiency of cooling system.

Further it’s important to understandsUdfRaM f unc
which, if designed properly, allows exsion of all mentioned conversions except for the first
conversion. However, rectifier is a component of increased reliability, whichcgmificiple be just

one, and the wholegroup of backedup AC/DQOmodules in centralized parre replaced by one

rectifier, fig. 6.

rectifier
3x330V->570V RTM-0164

64 x 64 = 4096 RTM

|
O000

3x380V
570V

2

RTM-6401

Fig.6: quasidecentralized DPSMS

As a result, there is a decrease in weight of centralized AC/DC converter by tens of times and there is
a closeto-unity reliability with lighter cooling system. What is lost then? Potential PFC, quite
necessary for normal functioning of primary generator, is gone. Nonetheless there is no big tragedy,
since exclusion of storage capacitor after rectifier solidly decreases impulse load of generator.

The power supply system for APAR with one rectifier may bedaguasidecentralized.
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Finally, there is becoming clearly a new perspective development in DPSMS for APAR, where one
rectifier might be broken into many of small rectifiers and include these into Rfig3,

The result is excellentwe ' v e @ pueely dexahtralized systenof power supply for APAR,
satisfying all requirements, listed in the beginning of this article.

For this, nothing materi al and heavy is not to
— simultaneously multcriterially optimize the development of the whole APAR system, integrally,
collecting all electronics into RTM, which gets

PSU
ﬁ 1
— RTM-0101 RTM-0164
I 1
I 1
| I
I
A I RTU ' RTU
B | l
33380V : RRU | Al
I
N = : MPCU I MPCU
] / 1
PSU /" psu
(1 !

RTM-6401 RTM-6264

Fig.7: completely decentralized DPSMS

An eloquent example, how difficulties of nmaturization of DPSMS, with quantity of more than 2000
of RTM, become a sledown when designing 3D APAR for fighter jet F22 RAPEGRpwn in
information printed in American magazines.

With volume of all Al (airborne interception radar) of 585 and with weight of 553 kg, with power

of DPSMS of APAR of 380 W, the volume of DPSMS is 40 % of the total volume, and the weight is

45 %1 t’ s necessary to note, t hat in the given ca
DPSMSSuch DPSM§Bossesss critically low reliability and has a big part of the weight of power

supply system with its RTM feeders.

Below isshown data to evaluate volumetric, thermal and reliability characteristics of APAR with
implementation of all three types of systems, table 2.

For base of calculation were used following values: HF power of one -RENW; transmitter
efficiency— 0,5; signal occurrence- 5 (calculated as 1/D, where D is duty coefficient); efficiency of
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PSU during impulse time0,88; efficiency of PSU during pause,75; power draw of RRU and MPCU
—2 W; quantity of RTM 4096.

Table 2
DPSMS of APAR Decentralized Quasidecentralized P‘.”‘”'y decentralized
with backup
S'STJG”S'O”SOfRTMW'ﬂ24x24mnr165 24X24x160 N24x24x160
Volume of alk096PSU | | 55 g1s 141,6dm? 141,6dm?
in RTM
Volume of centralized 3 3 3
part of DPSMS 0dm 2,0dm 23,9dm
Volume ofwhole DPSMY 153,9dm?® 143,6dm° 165,5dm®
Radar volume without 390.6dm? 379 6dm? 401,5dm?
heat exchanger
Heat power loss of PSU 356\ 4185W 4185W
in RTM
Total heat loss of DPSN 4366W 4608W 6191W
Power consumption | 4 a3y 18423W 19625W
from generator
Reliability coefficient of
APAR electronics 1.0 0,996 0,991

Conclusion

1. Three shown methods of constructing DPSMS for ARAfecentralized system, quasi
centralized system and partijecentralized system are the most vital and perspective.

2. Unexamined in this article standard methods of power supply systems with high coefficient

of centralization, including unifying (centralizing) power supplyneighbouredunits of a
row, and other methods of centralizationr ar en’ t
unreliability, high weight and large dimensions.

The author may cooperate with manufacturers, who would be interested in producing APAR RTMs of

new generation with PSUs based on solutions provided in this article.

per s p eequence of,
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