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Abstmot—This paper discusses the design and analyas of o high frequency ccaxial trnsformer
(HPCT) for o DCDC conwerter used i solor PV posver systems. The experimental results demon-
simie that the tmnsformer velage mtio isin geod agreement with e uens miio, The low |sakoge
imp sdanoes meawed for this tmineforemer ot varisus fraquencies up to 300 KHz indicate the ad -
tnges of the comcinl tmnsformer swuctire. This unique winding sructure alse provides o small
capasgitive coupling betesen the primary and sscondars windings. The smulation remalis conficm
the uniform distributi oo of ragnetio flux in the magnatic corz, and the uniform disribation of eddy
curreni density in the windings.

Index Terms— High Frequency Coaxial Tearefoemer, Eddy Current, Magnstic Flus,

L INTRODUCTION

Photovalinic momes ars coupled to the grid using o do-ne converter and an selation tmnsfonmer. The
isalation tmnsformer i cepically largs given that the oparaling frequencs is te wtilite Fequency.
A ey of awoiding the use of o large wansfomner is to employ o do-ac.de cormemer with o high fre-
quency (HF) link &elation wansfocner. In this event. the tmsformer is designed for HF opsraticn
and henoe its sime oan be reduced sgnificanths. Higher output power from multiple solar FV mod-
ules is achisved by come oling sach PV moos to ils own resenmt do-oo converter and single phise
tmnsformer. The do-ne resonant comrremer oulpul Sgmals ore phoes shified with respect to ench
ather by 120 degrees The seoondaries of the HF link ransforme s oe conpecked in o thres phoss
were configuration and the culput & connected to o thres phas: reotifier. s showvn in Fige 1 The
tmnsformers with syall sze and high power efficiency ot high operating, frequency are often
required in DOVDC aonverter spstems. Correntional wansfonmer desigres cannct perform well at
HF bemauss the ivesrtion loss and edds current loss e too high. The HPCT presented in this paper
can address the nforementoned problems md provide a better perfonmances in HF applications.
I TEST RESULTS FOR THE COAXIAL TRANSFORMER

Figure 1 () shoves the HPCT constnaction (right side ot botbom) and the packaging of ndres phose
system (fop image of right side). The sole PV system requires an isclation wansfonmer therefore
the numbsr of nrns on e pricoacy and secondary windings is the smme and squal to 6 6t o fre
quency of 500 kHzand awolmge of 4 30 W Each winding is comprised of 7 thin insul sbed wires that
are vl bo forma litz wire. The bons cotic {p=65%=1) is in good agresment with the wlings ratic
(W1A2) froen 100 kHz to 1| MHz The measred resulis from L00kHE 1o IMHz indicate that the
leakags inductance. Leq (0.629uH) i relatively small comparsd with o comventional trnsformer
(35 3H) st S00kHE, while Beq inoresses slightly with frequency doe 1o the skin depth sffect The
leaknge inductance deoreases in o linear foshion over the frequency ronge of interest. The rmagni-
tde of the magndizing inductance tmcks the frequency resporse of the peemenbilits, . which
niszs in the high freqaencs mnge. The coupling capacitanos (20.9 pF) betoeen primary ond s:e-
ondary windings is much smaller thon the wolues (219pF) observed in comrentional tmnsfommess
with a similar rating. The coadal tmnsformer performed well over an extended Eoquency rmge
(100 kHz to 1MlkcHz . while the leakn ge indoctance and winding Ioss of o cormrentional trnsformer
increass mpidls above o fequeney of 200 kHz
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L MAGHETIC FELD AMALYSLS OF COAXIAL TRANS FORMEE

A FEM-based moamerical moethed wme used to determine the magnetic flux and eddy corrent disiri-
bations. The excitation source & opplisd to the outer winding and the inner winding was open -
cnited. Figurs 1 (k) shows the axcent distributions in both the prinary and s condary windings,
where the eddy current density in the outer (primary) winding is sornewhat higher than the one in
the inner [ =scondary) windiog. The peok current densits inaluding e ddy axrent wns determined o
the murfaoe of the suter winding: 743 A%m2 for the open cironit cuse, and 210&m2 for the shon
cirouit cuse. The mocimum current densitie s in the inner {sscondary) winding for both apen ciroi
and short cirouit omses were found o be less than 614 380%m 2 and 0. TA%om2 respeotivels.

™ CONCLUSION

A HPCT wang uniformly distributed lite wire winding strochars hos been invesligated. The turns
rotio md weltage ratic in the HP rangs of interest are in good agresment with sach other. The min-
imum leaknges inductance (0 639H) and coopling capacitnes {20 %pF) hove besn achisved by
using such winding structure. The fus md edds current distnbations wers uniform and the high
current density appenad o the surface of the suter winding, and was 7434 0m2 for the open cir-
cuit s, md B10A%m2 for the short cirouil case, The axrent dersitiss in the inner winding wee
over 10 times smallar than the suter winding.
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Fig. 1 HF eonxial transformer and its mag-
netie filed diseribution.
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