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| MPROVEMENT TO TRANSFORMERS OF THE TYPE W TH CLOSED MAGNETI C Cl RCUI T MADE

OF FERRI TE The present invention relates to an inprovenent 5 to

- tFansformers with closed magnetic ci rcuiqt made of ferrite including an air

gap. Transfo W | t d di ng an
air gap are %’ggéa‘l’%&; ’@‘3 é&} Egg &/@Esw eSLB%th act,
sw tchi ng- 1BMAGNETZEC QIRCUITSMPDE OF FERRIIEI ng in sStorage or in
"flyback" npbde necessitate energy storage in the ferrite magnetic circuit

of a transforner before transferring this energy to the electrical circuit
connect ed downst reanTbf presensndnyentionTinelatng gho 18n imbroyemenduires

the use of argRANQIHLESIRERE [ wiithh @loséd %Pne@]!&VeGii-eﬁﬂ:' fnade of
transforner for a sw,tching- node power supply consists of a magnetic

circuit conpS€E¥ibe LRGLPELRE: énh&F‘F §@Pcuits having, in cross- section,

an "E' shape, andrrahsfermetis wﬂméweeaomgwaﬁlm@zwl inaaecl udi ng
one or nore electri Q%FI wat ed w ndin The coil , ar mat ur gro.\/i ded

with an axi a? h&PETH e Wnttil 8P‘§g§‘r@f Ygpd -3 par icdl

in switching-mode power supplies. In £fact, switching-

10 mode power supplies operating in storage or in
vflyback" mode mnecessitate energy storage in the
ferrite magnetic circuit of a transformer before
transferring this energy to the electrical circuit
connected downstream of the transformer. This energy

15 storage requires the use of a magnetic circuit with an
air gap. Conventionally, a transformer for a switching-
mode power suppiy congists of a magnetic circuit
composed of two ferrite half-circuits having, in cross-
section, an "E" shape, and of a coil armature

20 supporting a coil including one or more electrically
separated windings. The coil armature is provided with
an axial hole into which the central legs of the "E"
are inserted. The magnetic circuit - and the coil
armature are joined togetﬁer by adhesive bonding.

25 Preferably, one of the ferrite half-circuits is
adhesively bonded to the coil armature, then the two
magnetic half-circuits are joined together by
adhesively bonding the facing faces of the outer legs
of the circuits. An air-filled air gap is thus obtained

30 between the inner legs. Such joining guarantees good
mechanical integrity of the magnetic circuit and of the
coil. This is because the air-filled air gap easily
absorbs the mechanical stresses caused especially by
the heat shocks as per the standards in force. Howevei',

35 when the air gap is an_air-filled"air'lg_gp, it generates
magnetostrictive ,phenomené. which are'. manifested by
audible hum in the transformer, magnetostriction being
a phenomenon of elastic deformation associated with the
magnetization, that is to say the geometrical __chfal_r'ac_l__-



-are, inserted. The magnetic circuit and the coil armature are joined
t oget her by adhesi ve bonding. 25 Preferably, one of the ferrite
-hal f-circuits is adhesively bonded to the coil armature, then the two
magneti c LCuUuits r oi,ned together dhesi v bondi ng
the facing f§8§§s - But%’e I §§J§r61tet heatyr &ft ¢ 8. g‘r‘?\{‘éﬁ' °Fi I‘Téd)é ®r gap
i s thus obtamagde8fc Batdwedd cthe i nner Iegs Such j oi ni ng guar ant ees good
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because the air-fill&d air gap easil sor € nechahi cal resses
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teristics of ghNgshgh 1413 e4 dn 3 Novenber" 147! "¥n the name of the
company Oréga Electronique et Mecanique, it has been

10 proposed to place a material of the silicone family in
the air gap. Moreover, in order to ob?ain this damping
effect when | the transformer  works at variable
frequencies, it has been proposed in European Patent
‘Application No. A 390,643, filed in the name of the

15 company Oréga Electronique et Mécanique, to £ill the
air gap with a single-component mastic exhibiting a
Shore hardness having a constant behaviour as a
function of temperature, such as polysulphide or
polyurethane mastic.

20 Although these materials have given good
results when the air gap is narrow, that is to say when
it has a thickness of less than 1 mm, this is not so
when the air gap is 1érger. In fact, the £illing
material must be quite soft in order to fulfil the role

25 of vibration damper, but also quite hard in order to
limit the amplitude of these said wvibrations. Now, the
currently used materials do not allow this
hardness/softness compromise when the air gap is large.

Ccnsequently, the object of the present

30 invention is mainly to overcome this drawback by

' proposing a novel type of filling for the air gap.
Thus, the subject of the present invention is a
transformer of the type with closed magnetic circuit
made of ferrite including an air gap partly filled with

35 a material which is sufficiently pliant to damp the
vibrations, characterized in that., in addition, a rigid
component is inserted into the air gap.

In this case, the rigid component may £ill
either the entire air gap or only part of the air gap.

~‘4.



magnetic induction. In order to overcome this drawback, it has been
proposed to fill the air gap with various types of 5 pliant materials so as
*'to danp the magnetostriction vibrations gcreated by the two facing faces of

the air gap of the netic er It Thus Frenc, t . 87,15207
filed-on 3 Nbvenberngggifr ?he%ﬂﬁﬁe o] oy Fh&<§ﬁﬂﬁﬁé¥(€ésg SE SRS [ BiF que et
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famly int over, in order to obtain this danping effect
when t he %%?%%5?%?%%5'2 ks at variable frequencies, it has been

proposed in EuropeanAPapﬁﬁﬁnﬂppltPcawm RiggmaEEristic edofn the nane

of the 1% cgaaaaﬁt%%gaeﬁf&ﬁroemuerfglé/eee&b&n%nt teoﬁsiétsh%@la gap
with a si nglhgﬁggggonen masti c exhi bitjng a, Shore hardness havi ng
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magnetic material is the material known by the name
10 bakelite.

'According to yet another characteristic- of the
present invention, the air gap has a thickness greater
than 1 mm.

Other characteristics and advantages of the

15 present invention will appear upon reading the
description given hereinbelow of a preferred embodiment
taken as a non~limiting example and illustrated by the
drawing appended hereto in which:

- Figure 1 is a sectional view of a transformer

20 with a mag:ietic circuit in the form of a doublé wE~
according to an embodiment to which the present
invention may apply, and

- Figure 2 is an enlarged sectional view of the
air gap of the transformer in Figure 1, provided with a

25 sufficiently pliant material and with a rigid component
in accordance with the present invention. |

As shown in Figure 1, a transformer 1 for
switching-mode power supply includes a magnetic circuit
composed of two ferrite half-circuits 2,3 having, in

30 cross-section, an "E" shape. The lower magnetic half-
circuit 3 includes an inner leg or central leg 4
shorter than the two outer legs, while the upper
magnetic half-circuit 2 includes an inner 1leg or
.central leg 5 having the same length as the two outer

35 legs. Thus, when the two half-circuits 2 and 3 are
brought together, an air gap 6 having a thickness g is
produced between the two inner legs 4,5.

Moreover, the transformer 1 also includes a
coil armature 7. This armature supports a coil 8



when the air gap is larger. In fact, the filling material nust be quite
soft in order to fulfil the role 25 of vibration danper, but also quite
hard in order to limt the anplitude of 4 hese said vibrations. Now, the

currently \A}Eﬁéﬂuﬁeﬁgt Sl 8 nfiﬁ-e QQEctri‘ELQW{ eteliiasctil?é dpesdiagkt ness

conprom se en t gap 1 s large. Consequen he obj ect of
the present The magpakicorrireuifmrpdy they am%‘?‘@?ﬁmOftW eREhbAER by
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present inve
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air gap. cdrcuits together. In addition, the lower magnetic
half-circuit 3 is fixed in a known manner to a base 9
for attaching the transformer and for electrically
10 connecting its windings by pins 10.

In accordance with the present invention and as
shown in a more detailed manner in Figﬁre 2, the air
gap 6 between the inner legs 5 and 4 of the two
magnetic half-circuits is filled with a material making

15 it possible to reduce the magnetostriction noise very
congiderably. In accordance with the present :anent:.on,
this absorbing material consists of a first material 11
which is sufficiently pliant to damp the wvibrations.
This material 11 may consist either of a single-

20 ' component mastic or of a material of the silicone
family. The single-component mastic is a mastic
exhibiting a Shore hardness of approximately 30 Shore A
at 25C° [sicl], displlaying a constant behaviour as a
function of temperature. In fact, the single-component

25 mastic is chosen from polysulp)hide or polyurethane
mastics. Preferably, a polysulphide mastic is used
which has the advantage of currently having greater
flexibility than polyurethane mastics. A material of
the silicone family, namely neutral silicones, can also

30 be used.

Under this pliant material, which is provided
under the upper leg 5, a rigid component forming. an
insert is deposited. This rigid component consists of a
non-magnetic material chosen from synthetic resins such

35 as bakelite. The resin must be able to withstand
temperatures of 110°C without deforming. This rigid
material may be placed within substantially the entire
air gap or only in part of the air gap, so as to act as
a mechanical damper. This type of £filling for the air



Preferably, the rigid conponent fills the air gap to within 0.1 nm the
rest .being filled with the pliant material .- According to another
-characteristic of the 5 present inveptgop, the rigid conponent consists

- of a non-magnetic_material _whic def orm eratures of

beh doe i glﬁt gt tge tfr@ 2
operat-i on of 9we PPRREFS: nk?, PhaREFFiFN arddnPATEPERIBPUR, 10 1/ 0Perr] C
Preferably, gepadavimgretthicknessaoé 0f gheatarethah Anomn Iy tdhdsmane 10
bakelite. Accardin - al LstLC r j wvention,
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advant ages omwhifle 18t ptheemamd npimei @rodneing agpegeodupdamperadil®y t he
descriptigon gt hesehhgleRW Qhasimuef %E'E?.@i%ﬂ@%j' neHd §akePtasfials
non-limting exanple and illystrated b Hgs,dramnngﬁgfpended heretq in
whi ch: - Fi gt PE athect fdRal IWew df thiTkRRdD, APRECH2 Ylghet i ¢
circuit in tipe 1 eminbdimy dRilkled Wi tinCElps dhagei®. an enbodi ment to which the
present The process of putting the assembly, consisting;
of the pliant material and the rigid component into the
10 air gap 6 will now be described in more detail. Thus, a
spot of adhesive is deposited on the inner leg, for
example 4, of one of the ferrite half-circuits. This
spot of adhesive enables the bakelite insert to be
mechanically held in place. Next, this half-circuit 3
15 equipped with the insert 12 is positioned in the
armature. A metered amount of mastic 11 is then
deposited, wusing a known system, on the insert 12
before the magnetic circuit is closed by the ferrite

half-circuit 2.



I nvention may apply, and - Figure 2 is an enlarged sectional view of the
air-dap of th iImWF gure 1, provi-ded with a |
*.pli.ant materi Il“lmnﬂﬂ\mwulumll d conporgrd in accordanc*jajs_[ f A%ﬁégg%ée%qt
invention. As shown tn Fidured 1, a tpgpgi@rner 1 for switchin 8 po
supply includes a magnetic circuit conposed of two ferrite half-circuits
2,3 having, *rn 30 ErsRefegmeronet 5the typgpavitine alesed nmgaretdchal f -
circuit 3I | 8£kudes MadendE ﬂeagﬁq;ﬁ Ciemlrzﬁi_itﬂggga_:é fﬂgféﬁfx T(bﬁnpablely\/\grout er
| egs, whil e_t ppet gnetic _half:cir i, ncl udes an_inner | eg

central Iegfﬁgﬁﬁ inﬁlPﬂg BanBaFeRith a§§¥ e YRbBut i 38uffigientiKys, when
t he two 5hal pitantuitics d@mpndthe aribiutimghs, t eparbeterdzed rixgaﬂhﬁthﬁVI ng a
t hi ckness esis bet wee h inner, Jl.ags.4, 5. Mreoyer, . the
transforner— eﬂ%'ys%({riﬁoc 'udgs\%'%oél I ngrnﬁg ar 7(.1£)hi %sarﬁiﬁtee%ubmwt s a

coil 8 the air gap.

2. Transformer according to Claim 1, characterized
in that the rigid component substantially £ills the
10 entire air gap.
3. Transformer according to Claim 1, characterized
in that the rigid component £fills part of the air gap.
4, Transformer according to any one of Claims 1 to
3, characterized in that the rigid component consists
15 of a non-magnetic material.
5. Transformer according to Claim 4, characterized
in that the non-magnetic material consists of bakelite.
6. Transformer according to any one of Claims 1 to
5, charécterized in that the material sufficiently
20 pliant to damp the vibrations is chosen from single-
component mastics or a material of the silicone family.
7. Transformer according to any one of Claims 1 to
6, characterized in that it has an air gap > 1 mm.
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-4- including one or nore electrically separate wi ndings. The magnetic
circuit and the armature of the coil are joined together, in a known

* .manner, by adhesive bonding. Likew se, the two magnetic half-circuits 2 and

5 3 are joined together by adhesively bonding the facing faces of the outer
| egs ‘'so as to fasten the magnetic Chﬁ%E‘ &t 0get her. In addition, the | ower
magnetic half-circuit 3 is fixed in"a nown manner to a base 9 for

attachi ng t he TMEROVEMENT TO\TRANSEIRMERS (QF | THE (I'YRB WiETH | GGOSER Wi ndi ngs

by pins 10. In accordanggeierkct EQRE&Q&‘GRKDEHBQHE'EQRI%C’ as shown in a nore
detailed manner in Figure 2, the air gap 6 between the inner legs 5 and 4

of the two nmagnetic half- CII’CUItS is filled with a material making 15 it

possible to reduce trhe RPN tinividh o OFsFatés Ye60aA i iRpabikmeht
accordance gl?th t he %'?esent |nv nti.on, this abs r bi ngarra eri al gnsi sts of

a first mat&P aFTFRSHERNTSs Qff f i ent TP |‘§:h fpt nB2FPBFALI ons.
This materi air¢titmymagimsost ferxide.of Thisi Mglaa.sf%mecorrpmMemahi c or

of a materigl,y ghp 6Nqsi¥] 1£39N%d with a rigid insert (12) made of
bakelite and with a mastic (11) which is sufficiently

pliant to damp the vibrationms.
The invention applies to transformers for

switching-mode power supplies.

Figure 2



fam.ly. The single-conponent nastic is a mastic exhibiting a Shore hardness
_of. .approximately 30 Shore A at 25C[err] [sic], displaying a constant

behavi our as a function of tenperature" In fact, the single-conponent 25
mastic is chosen from polysul phide Jr polyurethane mastics. Preferably,
a pol ysul phide mastic is used which has the advantage of currently having
greater flexibility than ane mastics. A material of the silicone
famly, nanely neutral ’?o‘ yrcan al so 30 be,.fQsed. Under this pliant
material, which is provided under the upper IegdZT a rigid conponent

form ng an insert is deposited. This rigid conpdhent consists of a

non- magnetic nateri uch 35 as bakelite.

The resin nmust b able to wthstand tenperatur of 110C wi t hout
" deforming. This rig¢id hirf substantially the
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_— o344 105
-5-"gap’ appears to be particularly advantageous for air gaps having a

t hi ckness e of greater than 1 mm In this case, the magnetostriction noi se
i s.markedly decreased, while at the same tinme produgi %g;;’%gq?:da_nﬂer;. In 5
order> to achi eve maxi num efficiency, the insert fil*sIhdSEMENE Geidiin gap,

a thicknes : 0.1 mm being filled witrj”f"ﬁ"é“"r‘r'astuc. he
process of! piift§ l'y, consi8&ting of the jplii ap{z smp ggggal jand the
rigid conpgnent ArAL&CRDhe 10 )air gap 6 will now be described in nor¢ detail.
Thus, a sp | ’s—deposited on the inner Ij'g':—-‘f-m—eaemﬂp-l-l , of

one of the ferrite half-circuits. ThEli®sot of adhdsive enables the
bakelite insert to be nechanically held in place. Next, thirs haltT-crtcuit 3

15 equi pped with the ingert 12 is positioned in the armature. A nptered
amount of rra\gt\itﬁa rmer dof.f $YMiSHE] rmede pOWRY SYPRIY SRMRLFIE. °|?ﬁ?dff?é"5ensert
12 bef ormaagmeticralrguit triade of tveahalf cicuits,esledebynée hred ap uppércorieg eaett hal€ cirquit2.

having legs and a leg of the lower half circuit being shorter than other legs of said lower
circuit, so that an air gap of more than one millimeter long is formed between two legs of
the two half circuit, said air gap being fully filled by a layer of about 0.1 mm of a mastic
component having a Shore hardness of about 3 ShA, on the side of one of the leg, and
a rigid component made of a non magnetic component glued on the other leg.

2. -A transformer for a switched mode power supply, comprising a closed ferrite
magnetic circuit made of two E shaped half circuit, a lower one and an upper one, each
half circuit having two outer legs and an inner leg, the inner leg. of the lower half circuit
being shorter than the two outer legs, so that an air gap of more than one millimeter long
is formed between the inner legs of the two half circuits, said air gap being fully filled by
a layer of about 0.1 mm of a mastic component having a Shore hardness of about 3 ShA
placed against the upper leg, and a rigid component made of a non magnetic component
glued on the lower leg.
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) : WOS34-4 1=
CLAIMS 1. A transfornmer conprising a closed ferrite nmagnetic circuit forned
of a first half circuit- and a second half circuit, the first half circuit
and~-he seeend-half—circuit having respectively a first leg and a second
leg for forming an air gap between said first leg and said second leg, a.

rigid corrpo“m wﬂLmnium,UWnon magneti g material being nechanically held
in place w 4 of said first |leg and SaiR%Pfﬁgﬁ)ME tgg g
flexible material Til"i ig the porti @ MMs he air gap between 'M FE r of
said first leg and said second |leg and the rigid conponent. 2.

A
t ransf or ger, ' .2l m wh Lh said.air I S e ne
millimet ngLgl ﬁ‘g&l 5&%{3’&%@&%&%{: { e .QPB"‘&FHF‘%F%"H}‘%'F Wftﬁr}ea\[‘]ﬂ sai d
portion PECYLAE 35860 geutty hhalbgicuitandihe secand na cirgutchavingg o
one of t fREPEFENElviAfisstdegiand a segond legiferdnemingmncaip gap betwasn said first leg
: and said second leg, a rigid component formed of a non-magnetic material being
mechanically held in place with respect to one of said first leg and said second leg, a

flexible material filling the portion of the air gap between the other of said first leg and
said second leg and the rigid companent.

2. A transformer according to claim 1, wherein said air gap is more than one
millimeter long. :

3. A transformer according to claim 1 or 2, wherein said portion is less than 1/10 of

said gap long."
~ 4. A transformer according to one of the preceding claims, for a switched mode
power supply.
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