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Ab.trllCt: Advanced weapons and apace systemJ present 
new &pplia.tionalor GOmp~t, lightweight power converter.. The 
8uc.cess£ul dc:ploym.ent or new technologies in military -.ud. 'P~ 
systemll require. I8Ubetfmtial adVB.tl.Ct:IS in power aourceH and power 
conv@t'tet1l:. New compact power converters are ueed.d to c:harse 
puleo-forming networka in pulled power ey.steme, to convert lOW' 
volt~et/i to high voltage15 in radar or beam ayatelIl8, to cou
vert power for tra.nlmil8ion syitem81 to drive electric motonl 
in p=-opultlon Md controIIJY.!tem.s, and to convert direct current 
to alte:tDa.ting current in a variety of application.. 

Power converter. for military and 'pace appUc.ationt mUit 
conform to Aiu, weight) effidllncy, thermal mc.nagement, end re
liability Ipocification8 determ.i.ned. by nUl!ldlion requirements, Re
ceIlt adwncel!l in high-frequency I!Iwitchlng semicoDductors a.od 
low l.oaa ~etic materials make it pouible to aignifica.ntly 
improve the power d.ezUity of power conYCrtot't. A survey of 
converter topologies I!I.nd pre.en~ Gomponent technology ehaws 
that power deruitie. oxceedJng 7 kW/kg o.nd volume. Ie•• thon 
0.5 rn'/MW can be achieved. The key to thlo performance 
i. new MOSFET technology and. use .,( amorphowo ollol' in 
tran>forrner•. 

Parametric design optimizations of power cotlverte::n £rom 
20 kW to 2 MW have been made usIng preoom slat.,.of·th ... a<t 
component&. and are de&cdbed &1.ong with projected pcrformanc;;o 
data and ~tfld t••t datil. from a...n e-etual1.2 MW de/de conver_ 
tor baaed on this technolos,y. MlUJ8 and performance e:etimatee 
derived from more deta.ilcd poi.nt design atuwce G.re compa.red. 
with parametric design I! t 'lldy results. 

s..ckground 

Po~...r converter! to che.rge energy storage bank, for pulled 
power or higb-voltage CJW applications in ground-based, air
borne, t.nd Ipa.ce-bued pla.t£onne opere.te from a variety of power 
IOUl."Cell. Typical .our~! e.re a.e e.ltema.ton wHh 'V8.tiOUI out
put voltages and ~uencies and de 50utcea such (1.1 bAtterie., 
fuel cells j or de genera.tors. These power IOurcee e.re generally 
not suited for powering the loa.d dirtctly because .,( their out· 
put impedance ehe.ractet1stics. Po'WCr conditioning is therefore 
required to .tep the voltage up to meet the specific load. re
quirements. The power conditioners described.. in this paper 
were Ielected M optimum configurations bMed on & trade-off 
study of parallel I"eSOI:ant , sma r'e5Onant, ADd pulse width mod
ulation (PWM) oon''''''or topo1"6i". The criteria for the se
lection ....... effici<ncy, power density (kW/~), and volumet· 
ric efficiency (m" / kW). PWM ..... oelected for the low pao=' 
con_ten< (20 kW and 60 kW) beuuse of the weight and vol· 
ume pen&ltie8 aMociated With t he reeonating cocnpotte:r1t' j with 
the .erie. l"MQnanoe {.opology being & stronger conteDder at the 
hlgher power rated convert... (>200 kW). The Input/ output 
cha.racteristice of the convert en atud.ied are ehown in Ta.ble 1. 
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Table 1 

Cooverter Input snd Output Ch.,racterbtlCJ 


---- .-.--. 

20 kW 60kW 2MW 

Maximum output 46 kV 4~ kV ±70 kV 
volt..' 

Output current 0.86 A 2.54 A 34.3 A 

AVet.. power out 19.4 kW 57 kW 1.2MW 

Peak po""'" out 38.7 kW 114kW 2.4MW 
e.lTspo.ce 

Input voltage 120/ 208 300 Vdc 
400 H. 

240/416 
400 H. 

4BO 
467 H • 

• A typical application for the converters is to charge a 
capacitive energy atorase bank. In this application the 
voltD8C riee8 linearly frow zero to maximum output 
voltage during a charging cycle. 

C"litol Component Selection 

A .urve)' of switching power oc:miconductore, rectifien, 
mO€Det1c ma.teriala, and capacitors suitable for 11IIe in high fre
quency power converters waa conducted and WN the baai. for 
component adection for the convertera. A eumma.ry of the mo&t 
important components selected in true study is lIhown in Table 2. 

T~ble 2 
Crltlcal Componmnt Seillction 

Component Fuoction 

Pow« MOSFET. Oonverter lwitching 
dCv1cea 

Ful rccc~ diod"" Output rectifier, clamp 
(3G-60 ... ) diodes 

Metglu 2714A magnetic Power transformer 
material 
Supermalloy ms.g:cetlc PO"W'et tramformer 
"",terial (oeoond choice) 

Deltamax magnetic Output choke 
material 
Met.n;...! polypropylene Input iilier, I'CII. 

capacitors capacitor 

Por.melnc 0""9" T,o.Offs 

In order to determine the ~ptimum operational p&re.meten 
oE the converter s, computer Ulodel8 rOI' the functional chara.c
t,wtica ot each component were derived from their respective 
speclflcatton sbeets. These component models were then com~ 
bin&d 1n • e.i.t'euit model to study such converter eharacteril!lticli 
u efficiency, power deneit,r. Nld component temperature venlua 
opero.tiDg frequency, Figures 1 through .5 show the result. of 
th... trade-offs. The 20 kW PWM converter Wall ..lected to 
operate at 30 kHe, the! 60 kW PWM converter w&s selected to 
operate at 35 kHz) and the 2 MW converter, which i. made up 
of 200 "W modules, "'.. selected to operate &t 30 kHz. 
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.Prellmln.ry De.lgn 

The 20 kW , 60 kW, and 2 MW power converters were 
deeigned u.!ns the compollent ...looted. The predicted perfor
mance of each converter iB given in Table 9. 

While the serit!S 1"8ISOnant converter configuration was 
choeen tor tho la.rger converter to avoid pot.ential problems with 
hi&h-frcquency reIOne.nce, it should be not ed from Fig. 3 that e. 
PWM c:onflgutation would y-ield a. power density of approx::im.a.t.ely 
7 ItW /~ at a modest .o.crifice in efficioncy. 

Tobie l 

Pralmlnary D.Jign Rosulu 


Effective 
Converter Type kHz (%) kW/ kg MW/m' 

20kW PWM 30 96 1.9 0.81 
60kWPWM 35 98 4.18 1.51 
2.4 MW oeri.. 30 97 4.97 2.93 
-=ont 

Relaled O..oIopmenl 

OenenU AtomiC!! ;. currently fabrieatini & 1.2 MW dc/de 
converler bued on this technology for a major def~ll4e COn
tra.ctor. F'18uree 6 and 7 l'lI'e photographs of lubueem.bliee of 
the 1.2 MW converter eyetem. Teet reeults to da.te indicate 
very cloee agroement between the earlier deaign projedions and 
ptuent pedoI'IDAO.ce in t ei'IIlA of efficiency and power deneity. 
LOU'S" (>7 kg) &morpho", alloy corea from Allied Met~M Prod
uct. h ave boc:n cvalu:/\ted . TheM: ~ TCP~ a m&jOY' ad. 
vancement in state of tho art in the size of amorphous co:r• . 
Minor problema a.s.ociaied with t he fabrication proceall of ibe.e 
<Oreo are hems addreo,ed by the manufacturer. Meanwhile, 
Supermalloy (1 Mil) i. being uoed as a backup material. 

Summol)' end Condullon. 

The fe..ibility of high-power (m",awatt) converters b .. 
been. MmotlJtrated using high-frequency 8witchins power temi
conduciora and I5.dvancc:d :ma.gndic materiale . Power deneitiea 
cx<ocdin& 7 kW/ kg =d volume. 1... th= O.S <n' / MW <= b. 
achieved with preeent technolos;y component!'!. Amorphoua al
loy core mat&1a.U will aoon allow a factor of two reduction in 
masnct ic 10l1lee: over the nearet'lt compc.tins allay. 
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Fic:- 1. 20 kW PWM VURUI ac!rie. remn_nt converter. 

FiC. 5. 200 kW tr.nlformtr ,"oraclerlotl"". 

Fie. 6. 20 kW FET inverter lubrnodul4t . 


Fie. 1. 200 kW inverter module . 
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