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tween the core portions to form a gap. The twisted wire is deformed to
provide adjustment of the In- This invention relates to arrangements for
ad-  ductance of the transformer winding. justing the inductance of
transformers and. in par-     In the accompanying drawing:FIGURE 1 is a
ticular, to core gap adjustments for high voltage   5   cross sectional
elevational view of a transformer transformers.
constructed in accordance with the present inven- In a resonant retrace
deflection system includ-  tion; ing a high voltage transformer, such as is
used in    FIGURE 2 is a top plan view of a core gap many television
receivers and computer monitors,     spacer in accordance with an aspect of
the the inductance of the high voltage transformer pri-  io  present
invention; mary winding is adjusted in order to meet speci-      FIGURE 3
is a top plan view of a portion of a fications with respect to, for
example, retrace time,  transformer core section illustrating the core gap
high voltage level, and high voltage output imped-    spacer of FIGURE 2 in
place; ance. Improper adjustment of the primary winding      FIGURE 4A is a
schematic illustration of the inductance may therefore result in degraded
per-  15  core gap spacer shown in FIGURE 2, in a non- formance of the
transformer and associated cir-       compressed condition; cuitry.
FIGURE 4B is a schematic illustration of the In a typical high voltage
transformer, the pri-   core gap spacer shown in FIGURE 2, in a com- mary
winding is wound on a cylindrical bobbin. A      pressed condition; and
magnetically permeable core is inserted into the   20  FIGURE 5 is a
schematic and block diagram of bobbin so that the bobbin and the winding
sur-        a transformer winding inductance asjustment rounds a portion of
the core. The core may be         system. constructed of two pieces such
that an air gap is      FIGURE 1 illustrates a transformers 10, specifi-
formed between the core pieces inside the coil     cally a high voltage
transformer, for use in video bobbin. Adjustment of the air gap spacing is
then   25  display apparatus such as a television receiver or a used to
control the primary winding impedance.     computer monitor. Transformer 10
includes a pri- The core air gap spacing is often achieved by   mary
winding bobbin 11, about which is wound one using materials such as paper
or mylar, as dis-    or more transformer primary windings 12, each of
closed in GB-A-2 039 156, which provide a sub-     which may comprise one
or more layers of wire, to stantially fixed gap spacing. The gap dimension
30  form a primary winding assembly 13 which may may be varied somewhat by
compressing the          also include one or more secondary or auxiliary
spacing material in order to adjust the winding    windings. Bobbin 11 of
FIGURE 1 is illustratively inductance, but the range of adjustment is small
shown as being cylindrical. Bobbin 11 also incor- since the spacing
material is not easily com-      porates at least one electrical terminal
post 14 to pressed and requires a great deal of force. This  35  which the
primary winding 12 is connected. complicates the arrangement necessary to
hold the      A cylindrical tertiary winding bobbin 15 sur- compressed core
portions together in order to      rounds the primary winding assembly 13.
Bobbin maintain the proper gap spacing and prevent creep  15 incorporates a
number of winding slots 16 which as the spacing material seeks to return to
its un-   receive a plurality of wire winding layers which compressed
state. It is known in the prior art to use  40  form the transformers
tertiary winding 17. In the a length of solid wire as a gap spacer (see
FR-A-2  transformer shown in FIGURE 1, tertiary winding 17 457 000). Wire
is difficult to compress however,   produces the high voltage or anode
potential which and becomes increasingly more difficult to com-    is
applied from one terminal of the tertiary winding press as it becomes
flattened and crushed.         17 to the anode terminal of a cathode ray
tube (not It is desirable to provide a simplified arrange-  45  shown) via
a resistor 20 and an anode lead 21. ment for adjusting and maintaining the
core gap    Another terminal of the tertiary winding 17 is con- spacing,
and hence the inductance, of a trans-     nected to electrical terminal
post 22. former winding. It is also desirable to provide a      The
tertiary winding assembly, comprising significant gap spacing adjustment
range in order  bobbin 15 and tertiary winding 17, and the primary to
insure that correct setting of the winding induc-  so   winding assembly
13, are located within a trans- tance is possible over wide component
tolerance    former cup 23. Transformer cup 23 is ordinarily ranges.
filled with an epoxy or other insulating material (not In accordance with
the present invention, a     shown) in order to pot the primary and
tertiary transformer comprises a magnetically permeable     windings to
insure reliable operation of the trans- core with a coil of wire disposed
about the core to  55  former. 



form a transformer winding. The core comprises         A low reluctance
path for flux generated by the first and second core portions with spacing
material  primary winding 12 is provided by a magnetically comprising a
length of twisted wire disposed be-   permeable ferrite core 24, which is
illustratively 2    3                 EP 0197 698 B1                     4
composed of two C-shaped core segments 25 and      length of single wire as
a spacing material presents 26. One leg of each of core segments 25 and 26
is  the same problem, as copper or aluminum wire is received within the
interior of primary winding bob-  not easily crushed or deformed. bin 11,
which is left free of potting material when    A length of twisted wire
pair, such as illustrated the primary and tertiary windings are potted. The
5   in FIGURE 2, for example, provides a core gap remaining legs of core
segments 25 and 26 are      spacer that gives a large adjustment range and
located outside the cup 23.                        does not require
undesirably large compression In a typical circuit application, transformer
10,  forces. The large adjustment range is provided as a in addition to
providing a high voltage level, may  result of the material packing
geometry inherent in be used in combination with a resonant retrace   10
the twisted pair. As can be illustratively seen in deflection circuit which
provides scanning of one or  FIGURES 4A and 4B, in an exaggerated manner,
more electron beams across the phosphor display    the twisted wire pair in
a non-compressed con- screen of a cathode ray tube. The magnitude of the
dition, as shown in FIGURE 4A, has a relatively low high voltage level and
the timing of the electron  packing density, such that a considerable
amount beam trace and retrace intervals arc in part deter-  15  of
compression of the pair structure may take mined by the inductance of
primary winding 12.     place, as shown in FIGURE 4B, without signifi-
Proper operation of the video display apparatus    cantly deforming or
compressing the individual requires careful regulation of the high voltage
level  wires of the twisted pair. The wires of the twisted and the trace
and retrace intervals. This in turn  pair will therefore bend, rather than
be flattened, requires that the inductance of primary winding 12   20
which requires much less force. This permits the be adjustable to a closely
specified value and that  twisted pair to be compressed over a much greater
the inductance value be maintained to close toler-  range and use much
lower compression forces ances over a period of time during normal opera-
than are necessary with a conventional gap spacer, tion of the transformer.
such as Mylar (polyester) or paper. The force In the transformer of FIGURE
1, the primary  25  needed to maintain the twisted pair in a com- winding
inductance is set by adjusting the dimen-  pressed state is also much lower
than that required sion of the air gap 30 between core segments 25    with
a conventional gap spacer, thereby simplifying and 26. In accordance with
the present invention, a  the structure needed to hold the transformer to-
core gap spacing arrangement comprises lengths     gether. 31 and 32 of
wires in a twisted configuration, such   30  The previously described
advantages of the as is shown in FIGURE 2, located between adja-
twisted pair core gap spacer also permits the as- cent core legs of core
segments 25 and 26. Wire    sembly of the transformer to be more highly
auto- lengths 31 and 32 may be configured as two or      mated than was
possible with a conventional gap more strands, although a pair is
preferred. FIGURE  spacer. FIGURE 5 illustrates an arrangment in ac- 3
illustrates a preferred orientation of the twisted   35  cordance with a
feature of the invention for adjust- wire pair lengths 31 and 32 on the
ends of the legs  ing the inductance of the transformer primary wind- of
core segment 26. The wire pair lengths 31 and   ing by adjusting the core
gap spacing. Prior to 32 are oriented perpendicular to the portion of core
placement in the adjusting apparatus, the trans- segment 26 that separates
the legs of core seg-    former is assembled by winding and potting the
ment 26. This orientation provides stability between   40   windings. The
ends of the core segments and/or the core segments 25 and 26 when the
transformer   the twisted wire pair is coated with an adhesive, for is
assembled.                                      example by dipping or
spraying. The twisted pair The use of twisted wire lengths as a core gap
gap spacers are placed on the ends of the legs of spacing structure permits
a much greater range of  core segments 25 or 26 and cut to the desired
winding inductance adjustment than was possible  45  length. The coating of
adhesive maintains the using such previously known techniques of the
length of twisted pair in place. The core segments prior art such as mylar
or a single wire. The      25 and 26 are then placed within bobbin 11,
result- variablity of the core material in terms of dimen-  ing in an
arrangement such as is partially shown in 



sions and electrical properties, e.g., permeability,  FIGURE 3. due to
firing of the ferrite core material, causes   so  The assembled transformer
is then placed in difficulty in predicting the needed core gap spacing  the
inductance adjustment apparatus as shown in for a desired winding
inductance. With a fixed     FIGURE 5. The adjustment apparatus comprises
spacing material, such as paper or mylar, the range  one or more adjusters
33, each of which illustra- of spacer compressibility is relatively small
and the  tively comprise a stepping motor 28, controlled by compression
force is great, thereby subjecting the  55  adjustment control and
measurement circuit 34. core to potentially damaging and characteristic-
The stepping motors are energized such that force changing compression
stresses while the induc-     is applied to core segments 25 and 26 via a
rod 29 tance adjustment is being made. The use of a       and plate 38 in
order to compress the twisted pair 3    5                 EP 0 197 698 B1
6 gap spacers. Primary winding leads 14a and 14b         said first (25)
and second (26) core portions are connected to adjustment control and
measure-       are maintained, with said twisted wire (31,32) ment circuit
34. The primary winding is energized      therebetween, by way of a
spring-type core and the inductance is monitored by adjustment         clip
(35). control and measurement circuit 34 while the twist-   5 ed pair gap
spacersarebeing compressed. When       3. A transformer as defined in claim
1, wherein the desired inductance is attained, the position of    deforming
of said twisted wire (31,32) in- the core segments is maintained by the
placement       creases the packing density of said twisted of a
spring-type core clip 35, shown in FIGURE 1.      wire (31,32). An adhesive
39, as shown in FIGURE 1, may be   10 applied to the core surface and/or
the core clip to  4. A transformer as defined in claim 1, wherein aid in
maintaining the desired position of core        said twisted wire is a
twisted wire pair. segments 25 and 26. Because of the relatively low
compression       5. A method for assembling and adjusting an force
required to compress the twisted pair gap   15  inductive element
comprising the steps of: spacers due to the packing density of the twisted
winding a plurality of wire turns to form a pair geometry, core clip 35 may
advantageously be      winding (12) placed on the core before adjustment of
the core          placing a magnetically permeable core gap. The spring
tension of core clip 35 is sufficient  (24) in the vicinity of said winding
(12) com- to hold the core segments in position once the   20    prising
first (25) and second (26) core seg- desired gap spacing is achieved.
ments; characterized by: As previously described, the twisted pair gap
locating a length of twisted wire (31,32) spacer provides a large range of
inductance adjust-    between said first (25) and second (26) core ment. By
selecting the gauge of the wire compris-      segments; and ing the twisted
pair, the particular range of possible  25  compressing said twisted wire
to increase gap spacing may be chosen to accommodate dif-         the
packing density thereof in order to adjust ferent requirements of different
circuits with which   the inductance of said inductive element. the
transformer is to be used. Transformer 10 illustratively utilizes enameled
copper wire as the  6. A method as defined in claim 5 wherein the twisted
pair gap spacers, having wire gauge sizes  30  inductance of said inductive
element is mea- in the range of AWG #29 to AWG #35 (0.143 mm
sured while said twisted wire (31,32) is com- to 0.286 mm).
pressed. The previously described core gap spacing arrangement has been
described with reference to   7. A method as defined in claim 5, including
the a high voltage transformer such as that used in  35    step of placing
a core retaining clip (35) on video display apparatus. The use of twisted
wire       said magnetically permeable core (24) in order core gap spacers,
however, is applicable to any        to maintain the relative position of
said first transformer application and may aid in controlling     (25) and
second (26) core segments. the transformer power transfer and leakage
induc- tance to closet tolerances.                   40  8.  A method as
defined in claim 5 wherein a core retaining clip (35) is placed on said
core (24) 



Claims                                                 prior to compressing
said twisted wire (31,32). 1. A transformer (10) comprising:
PatentansprUche a magnetically permeable core (24); and  45 a coil of wire
disposed about said core in  1. Transformator (10) mit order to form a
transformer winding (12), said        - einem  magnotisierbaren
(magnetically core comprising
permeable) Kem (24); first and second core portions (25,26) with       -
mindestens einer Wicklung, die um den a spacer between them, characterized
in that  50        Kern (24) angeordnet ist, um eine Trans- said spacer
comprises a length of twisted wire          formatorwicklung (12) zu
bilden; (31,32) disposed between said first (25) and          - wobei der
Kern (24) erste und zweite second (26) core portions to form a gap (30)
Kernabschnitte (25,26) mit zwischenlie- therebetween, said twisted wire
(31,32) being           gendem Abstandshalter aufweist; deformable to
provide adjustment of the induc-  55  dadurch gekennzelchnet, daA tance of
said transformer winding (12).               - der Abstandshalter ein Stack
verdrillten Drahtes (31,32) enthalt, welches zwl- 2. A transformer as
defined in claim 1, wherein             schen ersten (25) und zweiten (26)
Kern- 4    5                 EP 0 197 698 B1                     6 * C   L
M   S  * gap spacers. Primary winding leads 14a and 14b         said first
(25) and second (26) core portions are connected to adjustment control and
measure-       are maintained, with said twisted wire (31,32) ment circuit
34. The primary winding is energized     therebetween, by way of a
spring-type core and the inductance is monitored by adjustment
clip (35). control and measurement circuit 34 while the twist-   5 ed pair
gap spacersarebeing compressed. When       3. A transformer as defined in
claim 1, wherein the desired inductance is attained, the position of
deforming of said twisted wire (31,32) in- the core segments is maintained
by the placement       creases the packing density of said twisted of a
spring-type core clip 35, shown in FIGURE 1.      wire (31,32). An adhesive
39, as shown in FIGURE 1, may be   10 applied to the core surface and/or
the core clip to  4. A transformer as defined in claim 1, wherein aid in
maintaining the desired position of core        said twisted wire is a
twisted wire pair. segments 25 and 26. Because of the relatively low
compression       5. A method for assembling and adjusting an force
required to compress the twisted pair gap   15  inductive element
comprising the steps of: spacers due to the packing density of the twisted
winding a plurality of wire turns to form a pair geometry, core clip 35 may
advantageously be      winding (12) placed on the core before adjustment of
the core          placing a magnetically permeable core gap. The spring
tension of core clip 35 is sufficient  (24) in the vicinity of said winding
(12) com- to hold the core segments in position once the   20    prising
first (25) and second (26) core seg- desired gap spacing is achieved.
ments; characterized by: As previously described, the twisted pair gap
locating a length of twisted wire (31,32) spacer provides a large range of
inductance adjust-    between said first (25) and second (26) core ment. By
selecting the gauge of the wire compris-      segments; and ing the twisted
pair, the particular range of possible  25  compressing said twisted wire
to increase gap spacing may be chosen to accommodate dif-         the
packing density thereof in order to adjust ferent requirements of different
circuits with which   the inductance of said inductive element. the
transformer is to be used. Transformer 10 illustratively utilizes enameled
copper wire as the  6. A method as defined in claim 5 wherein the twisted
pair gap spacers, having wire gauge sizes   30  inductance of said
inductive element is mea- in the range of AWG #29 to AWG #35 (0.143 mm
sured while said twisted wire (31,32) is com- to 0.286 mm).
pressed. The previously described core gap spacing arrangement has been
described with reference to   7. A method as defined in claim 5, including
the 



a high voltage transformer such as that used in  35    step of placing a
core retaining clip (35) on video display apparatus. The use of twisted
wire       said magnetically permeable core (24) in order core gap spacers,
however, is applicable to any        to maintain the relative position of
said first transformer application and may aid in controlling    (25) and
second (26) core segments. the transformer power transfer and leakage
induc- tance to closet tolerances.                   40  8. A method as
defined in claim 5 wherein a core retaining clip (35) is placed on said
core (24) Claims                                                 prior to
compressing said twisted wire (31,32). 1. A transformer (10) comprising:
PatentansprUche a magnetically permeable core (24); and  45 a coil of wire
disposed about said core in  1. Transformator (10) mit order to form a
transformer winding (12), said        - einem  magnetisierbaren
(magnetically core comprising
permeable) Kern (24); first and second core portions (25,26) with       -
mindestens einer Wicklung, die um den a spacer between them, characterized
in that  so        Kern (24) angeordnet ist, urn eine Trans- said spacer
comprises a length of twisted wire          formatorwicklung (12) zu
bilden; (31,32) disposed between said first (25) and          - wobei der
Kern (24) erste und zweite second (26) core portions to form a gap (30)
Kernabschnitte (25,26) mit zwischenlie- therebetween, said twisted wire
(31,32) being           gendem Abstandshalter aufweist; deformable to
provide adjustment of the induc-  55  dadurch gekennzelchnet, dad tance of
said transformer winding (12).               - der Abstandshalter ein StUck
verdrillten Drahtes (31,32) enthalt, welches zwi- 2. A transformer as
defined in claim 1, wherein             schen ersten (25) und zweiten (26)
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abschnitten angeordnet ist, um  einen      Revendlcatfons Spalt (30)
zwischen diesen zu halten; - der verdrillte ("twisted") Draht (31,32) de-
1. Transformateur (10) comprenant: formierbar ist, um einen Abgleich der
- un moyen magn6tiquement permeable Induktivitat der Transformatorwicklung
5         (24) ; et (12) zu ermoglichen.                             - une
bobine de fil disposee autour dudit noyau afin de former un enroulement de
2. Transformator nach Anspruch 1, be! dem                   transformateur
(12), ledit noyau compre- die/der erste(n) (25) und  zweite(n) (26)
nant: Kernabschnitt(e) mit dem  zwischenliegenden   lO      - des premibre
et seconde portions de verdrillten Draht (31,32) mittels einer federarti-
noyau (25, 26) avec une pikce intercalal- gen Kernklammer (35) gehalten
wird.                     re entre elles, caracteris6 on ce quo ladi- to
piece intercalaire comprend une Ion- 3. Transformator nach Anspruch 1, be!
dem                   gueur de fil torsade (31, 32), dispos~e ein Verformen
des verdrillten Drahtes (31,32)  i5       entre ladite prerniere (25) et
ladite secon- seine Packungsdichte erhoht.                            de
(26) portions de noyau pour former un intervalle (30) entre elles, ledit
fil torsad6 4. Transformator nach Anspruch 1, bel dem
(31, 32) 6tant deformable afin d'assurer der verdrillte Draht ein
verdrilltes Drahtpaar ist.     un r6glage de l'inductance dudit enroule- 20
ment de transformateur (12). 8. Verfahren flr den Zusammenbau bzw. Ab-
gleich    eines   induktiven    Elementes      2. Transformateur solon la
revendicatlon 1 dans (Induktivitat) mit den Verfahrensschritten:
lequel ladite premibre (25) et ladite seconde - Umwickoln mit einer
Vielzahl von Win-          (26) portions de noyau sont maintenues, avec
dungen, um eine Wicklung (12) zu bil-  25     ledit fil torsade (31, 32)
entre elles, a I'aide den;                                          d'un
clip de noyau du type ressort (35). - Anbringen/Anordnen eines magnetisier-
baren ("magnetically permeable") Kemes     3. Transformateur solon la
revendication 1 dans 



(24) in der N~he/Umgebung der Wick-           lequel la deformation dudit
fil torsade (31, 32) lung (12), wobel dieser erste (25) und   30   augmente
la densit6 de garnissage dudit fil zweite (26) Kernabschnitte aufweist;
torsade (31, 32). dadurch gekennzelchnet, daA - ein StOck verdrillten
Drahtes (31,32) zwi-  4. Transformateur solon la revendication 1 dans schen
den ersten und zweiten Kemab-           tequel ledit fil torsad6 est une
paire de fils schnitten (25,26) angeordnet wird;    S5      torsades. - der
verdrillte Draht (31,32) zusammen- drickbar ist bzw. zusammengedrackt
5. Proc6de pour assembler et regler un 6tdment ("compressed") wird, um
seine Pak-           inductif comportant les etapes consistant a:
kungsdichte zu erhohen, womit die In-            - enrouler une pluralit4
de spires de fil duktivitat des induktiven Elementes an-  40        pour
former un enroulement (12), pafbar ist bzw. angepaft wird.
- placer un noyau magnetiquement per- mdable (24) au voisinage dudit
enroule- 6. Verfahren nach Anspruch 5, bei dem                       ment
(12) comprenant un premier (25) die Induktivitit des induktiven Elementes
w~h-          segment de noyau et un second (26) rend des Komprimierens des
verdrillten Drah-  45        segment de noyau, caract6ris6 par les tes
(31,32) meobar ist bzw. gemessen wird.              etapes de: -
positionner une longueur de fil torsade 7. Verfahren nach Anspruch 5,
(31, 32) entre ledit premier (25) et ledit wobeo eine Kernhalteklammer (35)
auf/an dam             second (26) segment de noyau et, magnetislerbaren
Kem (24) vorgesehen wird,  6o        - comprimer ledit fil torsad6 pour en
aug- um die relative Lage der ersten (25) und zwei-          menter la
densite de gamissage afin de ten (26) Kemabschnitte beizubehalten.
regler l'inductance dudit element inductif. 8. Verfahren nach Anspruch 5,
bei dem vor dem      6. Procede tel quo defini dans la revendication 5
ZusammendrOcken  des verdrillten  Drahtes  56      dans 1equel l'inductance
dudit element inductif (31,32) eine Kernhalteklammer (35) an/auf dem
est mesure quo ledit fil torsad6 (31, 32) est Kem (24) angebracht wird.
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!           1111) I1 I!I 7. ProcWd4 tel que d~fini dans la revendication 5
comportant l'Mtape qui consiste a placer un clip de retenue de noyau (35)
sur ledit noyau s-:   magn~tiquement perm~able (24) afin de main- tenir la
position relative dudit premier (25) et   5 dudit second (26) segment de
noyau. a  Proc6dd tel que d6fini dans la revendication 5 dans loquel un
clip de retenue de noyau (35) est plac4 sur ledit noyau (24) avant de
compri-  10 mer ledit fil torsad6 (31, 32). 15 S
20 26 30 35 40 45 50 55 6    


