
EP 0 356 998 B1 Description IMPACT DOT PRINT HEAD 5      The present
invention relates to an impact dot print head. An Fe-Co-V alloy is widely
known as magnetic material  having a high saturation magnetic flux density.
This kind of alloy Includes "2V. PERMENDUR". The soft magnetic material
typically used for an actuator of the above kind has a chemical composition
of 48 to 52 % by weight Co less  than 2.0 % by weight V and the remainder
Fe and inevitable Imprities. 10      Where this soft magnetic material is
used in an actuator, It exhibits magnetically favorable properties and a
good energy efficiency as compared  with pure iron or silicon steel. There
arise, however, some problems inherent in this material, wherein it
undergoes a large magnetic loss, and the energy efficiency is deteriorated.
From the document Patent Abstracts of Japan, Volume 11, No. 195
(E-518)[2642], 23rd June 1987; & JP- A-62-22404 (Tahoku Metal Ltd.)
30.01.1987, It is known to improve the magnetic characteristics of a
casting 15  for a yoke part by manufacturing a 2V Permendur through a
precision casting method and treating the casted body by a hot hydrostatic
press. This allows to manufacture a yoke part with a complicated shape
which cannot be realized by a cold-working process, the manufactured yoke
part nevertheless enjoying high saturation mag- netic density combined with
low coercive  force and high maximum permeability equal to that of
cold-worked material. The material used in this prior art contains 48 to 52
% by weight Co, 1 to 3 % by weight V and the 20  remainder substantially
Fe. The document Patent Abstracts of Japan, Volume 11, No.106
(C-414)[2552], 3rd April 1987; & JP-A-81- 253348 (Daido Steel Co.Ltd)
11.11.1986, discloses a soft magnetic Fe-Co material for the yoke of a dot
printer whose resitivity Is increased without lowering the saturation
magnetic flux density, the material containing, by weight, 10 to 35% Co
and [err] 10% in 5 total of one or more among Si, AI. Cr.V Nb and Ti. 25
US-A-4 375 338 discloses a print head of the kind as defined by the
preamble of the claim. It is a primry object of the present invention which
obviates the foregoing problems to provide an impact dot print head capable
of reducing the magnetic loss and exhibiting a high energy efficiency. This
object is achieved with an impact dot print head as claimed. The soft
magnetic material forming elements which are part of a magnetic circuit of
the print head is com- 30  posed of V of 2,4 % to 28 % by weight and the
remainder containing Fe and Co, which have substantially the same weight
ratio, and a small amount of inevitable Impurities. The electric resistance
of the said soft magnetic material Is larger than that of commercially
available "2V.PERMENDUR". When a magnetic flux is generated by causing an
electric current to flow through a coil in a magnetic circuit, an eddy
current is likely to occur in the magnetic material of the magnetic circuit
hindering 35  the generation of magnetic flux. Due to the increased
electric resistance of the soft magnetic material used according to the
Invention, it Is possible to reduce such eddy current, thereby obtaining an
actuator capable of decreasing the magnetic loss and exhibiting a high
energy efficiency. Other objects and advantages of the invention will
become apparent from the following discussion taken in conjunction with the
accompanying drawing, wherein: 40  Fig. 1    is a sectional view of an
impact dot print head, illustrating one embodiment of the present
invention, Fig. 2    is a characteristic diagram of an energy efficiency
versus a V adding quantity, showing effects of the invention, Fig.3    is a
diagram showing the relation between the electric resistance and the V
adding quantity, and Fig. 4    is a diagram showing the relation between
the saturation magnetic flux density and the V adding 45
quantity. An illustrative embodiment of the present invention will
hereinafter described In detail. Turning firm to Fig. 1, there is shown an
embodiment which th present invention Is applied to an impact dot print
head. A wire nose generally designated at 4 engages with a wire, guide 5
and is also  fixed to a nose 6. A bottomed cylindrical core block 7,which
is composed of a soft magnetic material and has its position de- 50 fined
by the wire nose 4, is integrally fixed. The core block 7 cooperates with a
bottomed cylindrical yoke 8 and a disc-like side yoke 9 to attract a
driving lever 2 which will be mentioned later The core block 7 is so
constructed that the interior thereof is formed with a ring-like protruded
core 11 having its peripheral surface wound with a coil 10, thus partly
constituting a magnetic path. The soft magnetic material has a chemical
com- position of Co of 48.8 %  by weight, V of 24 % by weight and the
remainder containing Fe and inevitable im- 55  puritles. In the present
embodiment of the present invention, this soft magnetic material is used
for all of the core block 7, the yoke 8, the side yoke 9 and the core 11
which all  form parts of a magnetic circuit. The description will next be
focused on the operation of the thus constrcted device. An elctric current
is applied to one or a plurality of coils 10 selected in accordance with a
printing command signal. Immediately, 



2    EP 0 356 998 B1 a magnetic attraction is produced between the driving
lever2 and the core 11 by magnetic fluxes entering both the cylindrical
yoke 8 and the side yoke 9 from the core. As the result the driving lever2
rotates about a fulcrum shaft 12 in the direction indicated by an arrow in
Fig.1. Subsequently, a printing wire 1 fixedly seured to the top portion of
the driving lever 2 and supported and guided by several wire guides 3
Impinges on a printing 5   paper through an ink ribbon (not shown) thus
effecting the printing. Since  the electric resistance of the soft magnetic
material constituting the magnetic circuit is large, It is possible to
restrain and lessen the occurrence of an eddy current.As a result, the
energy Input to the coil 10 can be reduced, thereby incresing the energy
efficiency. After performing the printing  process, the driving lever 2
having the printing wire 1 fixed to It rotates about the fulcrum shaft 12
by repulsion given from a platen 17 and the force of a return spring 14.
The driving 10  lever 2 then impinges on a dumper 15. In which position it
is brought into a standby state. As mentioned above, the  said soft
magnetic material is em played for all of the magnetic circuit compo-
nents, and the magnetic loss can be decreased by reducing the eddy current
caused when applying an electric current to the coil 10. In the explained
embodiment, all off the magnetic circuit components were said to be made of
the said is  soft magnetic material. However, when the soft magnetic
material according to the Invention is applied to only some of the
components of the magnetic circuit, similar effects can be obtained. The
chemical composition of the soft magnetic material will be explained in
more detail hereinafter. An Fe-Co alloy, whose Fe-Co composition ratio is
in the vicinityof 1:1, is the softmagnetic material which exhibits the
maximum saturation magnetic flux density and at the same time has a large
initial permeability among 20  the magnetic materials. When V in added to
the Fe-Co alloy, the electric resistance. of the alloy, as shown In Fig.3,
increases as its adding quantity augments While on the otherhand,
thesaturation magneticfluxdensity of the alloy is as shown in Fig.4,
declined with an increment In the V adding quantity. In the magnetic
circuit components of an Impact dot print head, DC magnetic characteristics
and the electric resistance exert great Influences on the performance of
the print head. The reason for this is that the magnetic circuit of an
impact 25  dot print head is employed such as to cause large variations in
the electric current like an alternating current, and hence the loss due to
eddy currents has to be considered in addtion to the DC magnetic
characteristics of the magnetic material. The degree to which the
generation of eddy currents hindering the generation of the magnetic flux
is restrained increases as the electric resistance of the magnetic circuit
components increases. In consequence, the loss due to the eddy current can
be reduced. 30      Namely, It is required that the composition ratio of
the the magnetic material be determined in terms of the DC magnetic
characteristics and the electric resistance. Experiments were made using
impact dot print heads as depicted in Fig.1 which differed from each other
with respect to the V adding quantity of the soft magnetic material used
for the core block 7, the yoke 8, the disc-like side yoke 9 and the core
11. The energy efficiency for each of these impact dot print heads was
meas- 35  ured. The energy efficiency is construed as the effciency at
which the electric energy imparted to the coil is converted into kinetic
energy of the wire. The experimental results are that, as shown In Fig.2,
the energy ef- ficiency In a case where the V adding quantity Is 2.1 % to
5.0 % Is higher than in a case the V adding quantity is 2.0 % or less.
Therefore, when the V adding quantity is set to 2.1 to 5.0 %, an Impact dot
print head can be realized where- 40 in the magnetic lose is decreased and
the energy efficiency correspondingly increased. As shown in Fig.2, the
highest energy efficiency is obtained when the V adding quantity is 2.6 %.
This is attributed to the fact that with this ratio the balance between the
DC magnetic characteristics and the electric resistance is most favor- able
for an impact dot print head. It Is, however Impossible to constantly set
the V adding quantity to 2.6 % with stability. In effect, there is a range
of dispersion f [err] 0.2 %. Therefor, the optimum V adding quantity Is 45
2.4 % to 2.8 % per weight, therey providing an impact dot print head having
a smell amount of magnetic loss and a high energy efficiency. In the
above-described experiments the composition ratio of Fe to Co is 1:1. The
present invention is not limited to the direct attraction type impact dot
print head explained in the fore- going embodiment. The same effects can be
acquired by a spring charge type impact dot print head. Claims 1.  Impact
dot print head having a plurality of print wires (1) fixed to a
corresponding driving lever (2) and electromagnetic drive means for
selectively driving said driving levers, said drive means comprising 55
a core block (7) a cylindrical yoke (8) provided on the core block and a
plate-like yoke (9) provided 



on the cylindrical yoke and supporting the driving levers (2), said core
block having for each driving lever a core (11) surrounded by a cil (10),
wherein the core (11), the core block (7), cylindrical yoke (8) plate- like
yoke (9) and the driving lever (2) form a magnetic circuit such that upon
energizatlon of the coil (10) 3    EP 0 356 998 B1        *C  L  M   S  * a
magnetic attraction is produced between the driving lever 2 and the core 11
by magnetic fluxes entering both the cylindrical yoke 8 and the side yoke 9
from the core. As the result the driving lever 2 rotates about a fulcrum
shaft 12 in the direction indicated by an arrow in Fig.1. Subsequently, a
printing wire 1 fixedly secured to the top portion of the driving lever 2
and supported and guided by several wire guides 3 impinges on a printing 5
paper through an ink ribbon (not shown) thus effecting the printing. Since
the electric resistance of the soft magnetic material constituting the
magnetic circuit is large, it is possible to restrain and lessen the
occurrence of an eddy current. As a result, the energy input to the coil 10
can be reduced, thereby increasing the energy efficiency. After performing
the printing process, the driving lever 2 having the printing wire 1 fixed
to it rotates about the fulcrum shaft 12 by repulsion given from a platen
17 and the force of a return spring 14. The driving 10  lever 2 then
impinges on a dumper 15, In which position it Is brought into a standby
state. As mentioned above, the said soft magnetic material is employed for
all of the magnetic circuit compo- nents, and the magnetic loss can be
decreased by reducing the eddy current caused when applying an electric
current to the coil 10. In the explained embodiment, all off the magnetic
circuit components were said to be made of the said 15  soft magnetic
material. However, when the soft magnetic material according to the
invention is applied to only some of the components of the magnetic
circuit, similar effects can be obtained. The chemical composition of the
soft magnetic material will be explained in more detail hereinafter. An
Fe-Co alloy, whose Fe-Co composition ratio is in the vicinityof 1:1, is the
soft magnetic material which exhibits the maximum saturation magnetic flux
density and at the same time has a large initial permeability among 20  the
magnetic materials. When V is added to the Fe-Co alloy, the electric
resistance of the alloy, as shown In Fig.3, increases as Its adding
quantity augments. While on the other hand, the saturation magneticflux
density of the alloy is, as shown in Fig.4, declined with an increment in
the V adding quantity. In the magnetic circuit components of an impact dot
print head, DC magnetic characteristics and the electric resistance exert
great influences on the performance of the print head. The reason for this
is that the magnetic circuit of an impact 25  dot print head is employed
such as to cause large variations in the electric current like an
alternating current, and hence the loss due to eddy currents has to be
considered in addition to the DC magnetic characteristics of the magnetic
material. The degree to which the generation of eddy currents hindering the
generation of the magnetic flux is restrained increases as the electric
resistance of the magnetic circuit components increases. In consequence,
the loss due to the eddy current can be reduced. 30      Namely, it Is
required that the composition ratio of the the magnetic material be
determined in terms of the DC magnetic characteristics and the electric
resistance. Experiments were made using impact dot print heads as depicted
in Fig.1 which differed from each other with respect to the V adding
quantity of the soft magnetic material used for the core block 7, the yoke
8, the disc-like side yoke 9 and the core 11. The energy efficiency for
each of these impact dot print heads was meas- 35  ured. The energy
efficiency is construed as the efficiency at which the electric energy
Imparted to the coil is converted into kinetic energy of the wire. The
experimental results are that, as shown in Fig.2, the energy ef- ficiency
in a case where the V adding quantity Is 2.1 % to 5.0 % is higher than in a
case the V adding quantity is 2.0 % or less. Therefore, when the V adding
quantity is set to 2.1 to 5.0 %, an impact dot print head can be realized
where- 40  in the magnetic loss is decreased and the energy efficiency
correspondingly increased. As shown in Fig.2, the highest energy efficiency
is obtained when the V adding quantity is 2.6 %. This is attributed to the
fact that with this ratio the balance between the DC magnetic
characteristics and the electric resistance is most favor- able for an
impact dot print head. It is, however, impossible to constantly set the V
adding quantity to 2.6 % with stability. In effect, there is a range of
dispersion of [err] 0.2 %. Therefor, the optimum V adding quantity Is 45
2.4 % to 2.8 % per weight, thereby providing an impact dot print head
having a small amount of magnetic loss and a high energy efficiency. In the
above-described experiments the composition ratio of Fe to Co is 1:1. The
present invention is not limited to the direct attraction type impact dot
print head explained in the fore- going embodiment. The same effects can be
acquired by a spring charge type impact dot print head. 50 



Claims 1. Impact dot print head having a plurality of print wires (1) fixed
to a corresponding driving lever (2) and electromagnetic drive means for
selectively driving said driving levers, said drive means comprising 55
a core block (7), a cylindrical yoke (8) provided on the core block and a
plate-like yoke (9) provided on the cylindrical yoke and supporting the
driving levers (2), said core block having for each driving lever a core
(11) surrounded by a coil (10), wherein the core (11), the core block (7),
cylindrical yoke (8), plate- like yoke (9) and the driving lever (2) form a
magnetic circuit such that upon energization of the coil (10) 3    EP 0 356
998 B1             *  C L  M  S  * a magnetic attraction Is established
between the driving lever (2) and the core, characterized In that the core
block (7), the cores (11), the cylindrical yoke (8) and the plate-like yoke
(9) are made from a soft magnetic material composed  of 2.4 t 2.8% by
weight V and the remainder containing Fe and Co, which have substantially
the same weight ratio, and a small amount of inevitable impurities. 5
Patentanspricho 1.  Anschlagpunktdruckkopf mit einer Vieizehl von
Drucknadein (1), die an elnem entsprechenden Antriebs- 10       hobel  (2)
biofestigt sind und er elektr magnotischen AntriebseInrichtung zum
selektiven Antrieb der Antriebshebel, wQbel die Antnbbsolnrichtung umfnt
elnen Kernblocqk(7), slnzylnldrlaches Joch'(8), des aufdem
Kernblockvoroesehen let, und sln plat- tenartigee Joch .(9)3, das apjfdem
z~ylindrachen Joch vorgesehen Ist und die Antre bahsbel (2) lagert, wobel
die~r Kernbjo~c f~lr,,ijde An. rlq.. e Siose vgn: 'Inr S.le (S10) y
bqinen Kern (11) mutAwlt, wobel 15       der Kern (11), dXr Kernblock (t),
dei zy-l"nd  lho     (. c  plettrnirtlg Joph (9.) und derAntrlebs- hebet
(2) elnen mmgnetlsc~hsn iids bilen,, dert, da3 be7' ;grregung der Spus
(10)o lnes mgneticheAn- zishung zwl~sch, .en dem iAntrebsh~ebe~l ,(2j. und
dern .Kern auftritt, dadurch gea nnrlchnot, dag der Kern- .block (), dp.
Nern. 11)4 du   lindris~cli~ Jo~ch ()1 und  p plettnartings looh (0) aus
elnem welchma- gnetis. chqn Materl he  stqllt mind, dam ,,chi .a,,us 2,4
bls 2,8 Gew.-% V und dem Rest enthaltend Fe und 20di, gmewesontllhen don
g1i4chen ewichtsanteli aufweisen, sowise einreringen Menge unvermeld- barer
Verunreinlgungen zusammensetzt. Revendlcatlone 25 1.   6te d'Impresoion
matricielle a impact comportant un ensemble d'aiguilles d'Imprssilon (1)
fixees a un levier d'entratnement correspoendant (2),.et des moyens
d'entratnement ulectromagnitiques pour entrat- ner smlectivement ls leviers
d'6ni~nemeWnt, 096 moyens d'entratnement comprenant un bloc do noux (7) une
culosse cylhndrque (8) montie sur l bloc do noyaux stuns culasse en 30
forms de plaque (9) montbe stur la culasse cy.lndrique et supportant lee
loviers d'entrTnsment (2), le bloc do noyaux comportant, pourpchaque levior
d'antrakhrement, un noyau (11) entour6 per une bobine (10), dan laquoele Jo
noysau (1),:Ia bloc,4 noyu.x () Ia cuiasse cyindriqus (8), la u laae en
forms de plaque (9) :et l llever cJentrathement (2) gormpnr un drc~ult
Msa.nitqus, do faoon que wus 1 effet de I'excitatlon do In boblns (1,0,),
une tt'racti.on: magntique solt 6teblie entre i blevr d'ontraftemomnt (2)
et ls noyau, 35       ceractirsiwe en c qu le Dbloc ,do noyux lo(7), le.
noysux (11), la culass cylindriqvto (8) Ot is culasse en forms do p,.laque:
( 9,) .nt conatitu,*  pr un materiau magnitique doux qul oontlent2,4 a 28%
en masse do V. ls rests conskltnt en fFe .et C-o, qui ont pratiquement Is
mime rapport en masse, et en une falble quantit6 d'lmpuretis !nvitables. 40
4S 50 55 4    


