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This invention relates generally to a high speed electro 
mechanical actuator and in particular to an actuator for 
a print hammer. 

High speed printers of the type using a print hammer 
to strike a moving type wheel require extremely rapid 
hammer action which must be accurately timed. The 
overall speed of the printer is limited by the speed and 
timing accuracy of the hammer movement since both of 
these characteristics affect the legibility and quality of 
the printing. 

These requirements have led to the development of 
electromechanical actuators for print hammers. Vari 
ous forms of such actuators exist in the prior art. Typi 
cally, Such devices have been operated by magnetically 
attracting an armature to a core, and transferring this 
movement to a print hammer. This motion produces 
the print operation. When the magnet is de-energized, 
the armature is moved away from the core by a bias 
Spring to prepare the hammer for another cycle of opera 
tion. 
The relatively strong electromagnet required for this 

type of operation is a disadvantage since the heat dis 
sipated limits the duty cycle of the device. Further 
more, the current drawn by the electromagnet is affected 
by heat-induced changes in winding resistance. The 
obvious consequence of these current variations is poor 
reproducibility caused by changes in attractive force 
which affect the actuating time of the device. 

In devices which move an armature toward a core 
through electromagnetic attraction, the initial force is 
relatively small due to the air gap between the core and 
armature. With only a small attractive force available 
to overcome static friction the initial movement of the 
armature tends to be erratic, resulting in poor reproduci 
bility. Since static friction is a primary cause of er 
ratic operation, it is desirable to have the maximum 
force available at the beginning of movement so that 
friction is quickly overcome. A working magnet is 
therefore a poor approach to the problem of overcom 
ing static friction since its attractive force is the least 
powerful when it is most needed. 
We have found that a greatly improved actuator re 

Sults from a device wherein the armature is restored to 
a position abutting the core by mechanical means and 
held there against the action of a bias spring by the 
force of magnetic attraction. The print operation is 
accomplished by reducing the magnetic flux to the point 
where it no longer holds the armature against the action 
of the bias Spring, allowing the spring biased armature 
to move the print hammer very rapidly. By using the 
magnet only to hold the armature the size of the mag 
net and the current requirements can be greatly reduced. 
Elimination of the heat dissipation problem also helps 
to maintain a more constant attractive force for the elec 
tromagnet So that the release time is essentially un 
varying. 
Our preferred embodiment uses a powerful spring to 

rapidly accelerate the armature which has a flux path 
sufficient to permit the spring to be contained by the 
force of magnetic attraction. This could provide a mar 
ginal differential between the residual induction and 
the dropout value of the device with the chance that the 
armature might fail to release properly when the mag 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

2 
net is de-energized. To prevent such failure, our inven 
tion uses a bucking coil energized in opposition to the 
magnet to decrease the flux to a value below the residual 
induction. This coil is wound with relatively few turns 
to present a low inductance to the driver which permits 
a rapidly changing high current pulse to be applied to 
the coil. The opposing flux of this coil causes a rapid 
reduction of the flux in the core and armature to the 
point where the armature is released for movement by 
the spring. The use of a bucking coil, in addition to 
making the device more reliable, provides another ad 
Vantage by increasing the speed of response. Since the 
opposing or bucking coil is not continuously energized 
but only pulsed, the problem of excessive heat dissipa 
tion is eliminated. With the use of a bucking coil varia 
tions of release time due to temperature changes of the 
device are kept to a minimum since the resistance and 
hence the current in both the holding and releasing coil 
will be similarly affected and therefore compensate for 
each other. 

It is therefore an object of our invention to provide 
an improved print hammer actuator. 
Another object of our invention is to provide an elec 

tromagnetic print hammer actuator using a mechanical 
restore and a "no work' magnet. 

It is another object of our invention to provide an 
actuator for a print hammer in which release of the ham 
mer is achieved by a reversal of the net magnetic flux 
in a "no work” magnet. 

Still another object of our invention is to provide a 
print hammer actuator for a printer in which the actuat 
ing time may be easily adjusted. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of the preferred embodi 
ment of the invention, as illustrated in the accompany ing drawings. 
F.G. 1 is an isometric view, with parts cut away and 

portions shown in schematic form, of a drum printer 
embodying the invention. 

FIG. 2 is a sectional view of the drum printer in FIG. 
1 showing the print hammer in the ready position. 
FIG. 3 is a sectional view similar to FIG. 2 but show 

ing the print hammer in the print position. 
FIG. 4 is a sectional view similar to FIG. 2 but show 

ing the print hammer after printing and before it is 
restored. 

FIG. 5 is a B-H curve for the pole face portion of 
the magnetic core used in this invention. 

FIG. 6 is a graph showing the holding force of the 
magnet as a function of time for the single coil device 
and also the embodiment using an opposing coil. 
With reference to FIG. 1, a continuously rotating drum 

2 has a plurality of typefaces 3 arranged on the periphery 
in cylindrical bands. Each type face contains a com 
plete alphabet and such numbers and special characters 
as may be required. The drum is rotated at high speed 
to repetitively present all characters in each face to the 
printing location. Since each face accommodates one 
print space, there are as many tracks as there are Spaces 
in a line. 
A document 4 is held in position away from the drum 

but adjacent thereto by suitable means not shown. After 
a complete line has been printed, document 4 is advanced 
to a position for printing of the next line. Such position 
ing and feed means are well known and have not been 
shown since they are not part of our invention. 
A plurality of print hammers 5, one for each print posi 

tion, are pivotally mounted on shaft 6. Some hammers 
have been omitted from the drawing for clarity. Mag 
netic means, comprising cores 7 having windings 8 and 
9, are adapted to engage armature portion 10 of print 
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hammers 5. When the magnetic flux in core 7 falls below 
a critical, predetermined value, print hammer 5 is freed 
for movement toward drum 2 by the force applied through 
actuating spring . 

Each of print hammers 5 have a face portion 2 which 
presses ribbon 3 against document 4 and the particular 
character of the associated face in position at that instant. 
This transfers the character image to the front surface 
of the document. 

Springs 4 lightly bias the print hammers 5 away from 
drum 2 to prevent tearing of the document 4 after printing 
in each position. Springs 14 are not sufficiently strong to 
prevent or stop the motion of the print hammer 5 but 
after the kinetic energy of the hammer has been dissipated 
they operate to hold the hammers away from the docu 

ent. 
The individual hammers are released in response to 

print signals from the decoder 5. The print signal re 
Sults from coincidence of a data signal applied to input 
16 from a keyboard or other device and a timing signal 
applied to input 7 from transducers 8. The data signals 
are placed in a storage location according to the line posi 
tion at which it is to be printed. Each hammer has its 
own location in the storage means. 
The timing input applied to terminal 7 is derived from . 

coaction of transducers 18 with timing wheel 19 which 
is made of magnetic material. Transducers 18 are posi 
tioned close to the periphery of timing wheel. 19. As the 
wheel is rotated past transducers 18 the variations in flux 
caused by slots 20 induce signals in transducer 8. The 
slots may be coded to provide a unique combination of 
signals for each position or letter of drum 2. The output 
signal of transducers 8 therefore indicates the letter in 
position to be printed at that instant. These timing signals 
are compared within the decoder with the stored print 
signals for each print position. When the timing signal 
corresponds to a signal in storage, a print signal is pro 
duced to fire the proper hammer. 
The print signal may operate to interrupt or reverse 

current through a holding coil 8 on the core associated 
with the appropriate print hammer or it may be used to 
energize a second coil 9 in opposition to holding coil 8 
and thereby reduce the flux in the core to a minimum 
value. In the embodiment shown the print signal is ap 
plied to a bucking coil 9 which opposes the flux induced 
by continuously energized winding 8. This releases the 
hammer 5 for movement toward the print drum to pro 
duce the print operation. After each revolution of drum 
2, all print hammers are restored by the action of restore 
can 25 which may be driven by suitable connection to 
drum 2 or by separate means operable in response to 
selected signals from transducers 18 or decoder 5. Since 
the flux in core 7 is once again sufficient to hold armature 
10 against the core, the print hammer is ready for an 
other print operation. - 

In FIG. 2 print hammer 5 is shown in position against 
the core 7. Winding 8 is energized and winding 9 de 
energized thereby providing sufficient flux in the core 7 
to hold armature 10 against poie faces 22. As shown in 
the drawings pole faces 22 have an area which is less than 
the cross sectional area of the body of core 7. This al 
lows the body of core 7 to be cperated below magnetic 
Saturation while maintaining the pole faces fully saturated 
for maximum efficiency. The number of turns and the 
current in winding 8 is such that the pole faces 22 are 
essentially saturated over the full range of operating 
tolerances. In other words, sufficient magnetomotive 
force is induced into the core for all operating conditions 
to make sure that the pole faces are always at the saturated 
region. Sufficient reserve excitation may be provided 
without materially changing the pole face flux density. 
Since the flux density in the pole face remains constant, 
the holding force will also remain constant despite varia 
tions in current through winding 8. 

In FIG. 3 the flux in core 7 has been reduced to the 
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A. 
point where it is no longer sufficient to retain armature 

of print hammer 5. Spring 1 then urges the print 
hammer forward so that face 12 presses ribbon 3 against 
document 4 to transfer a character on drum 2 to the 
document. This is the print position. 
As mentioned previously, this release may be accom 

plished by interrupting the current to winding 8, reversing 
the current in winding 8, or in the preferred embodiment 
by energizing bucking winding 9. Although the response 
time of our preferred embodiment is in the order of micro 
seconds, the linear velocity of the type track is also quite 
high, being approximately 300 inches per second. It is 
therefore necessary to develop the print signal somewhat 
in advance of the time it is desired to cause printing to 
occur. This is easily accomplished by locating the trans 
ducers 8 at the proper position. 
The spring 14 has partially restored the print hammer 

5 in FIG. 4. The print hammer is held away from the 
document 4 and ribbon 13 to prevent tearing by rotation 
of the drum when the document is advanced. In other 
words, a static balance of the force exerted by Spring 11 
and the force exerted by spring 14 leaves the print hammer 
5 in the position of FIG. 4. 
Cam 21 is rotated to restore the print hammer to the 

ready position. The shape of cam 21 is such that arma 
ture 10 is moved to a position abutting pole faces 22. 
Since coil 8 is energized and coil 9 is de-energized the 
armature 10 will be retained against the pole faces 22 
by the force of magnetic attraction when cam 21 has 
rotated beyond contact with print hammer 5. The ham 
mer 5 is now ready for another print operation. 
The hysteresis loop shown in FIG. 5 represents mag 

inetic conditions at the pole faces 22. When the holding 
coil 8 is energized the pole faces of core 7 are in the 
region of saturation, for example point 23. When coil 
8 is de-energized the remanent flux decays to point 24 on 
line 25. Line 25 is displaced from the normal axis 26 
because of the magnetic field across the air gap between 
armature 5 and core 7. The holding force provided by 
the remanent flux must be less than the force of spring 
1 or the armature 6 will not release. Furthermore, 
the holding force provided by the saturated pole faces 22 
must be greater than the force of spring 11 or the arma 
ture G will not be retained. Since the magnetic attrac 
tion on armature 0 is proportional to the flux density 
at the pole faces 22 it can be seen that the force exerted 
by spring 11 must lie within the range between points 
24 and 28. If reliable operation is to be obtained it 
must be certain that the armature will not be released 
inadvertently. To meet this requirement the operating 
point is chosen so that the force of spring is at least, 
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but not necessarily more than, sufficient to cause release 
of the armature when winding 3 is de-energized. 

This overcomes the possibility that the armature may 
be inadvertently released but the chance of the armature 
failing to release is increased. - To guard against this 
eventuality, a second winding 9 on core 7 is energized by 
the print signal in a direction to produce an opposing 
flux to that of winding 8. This opposing flux drives the 
pole faces of core 7 in the direction of negative saturation, 
which is point 29, thereby reducing the remanent flux 
and also the holding force, toward zero. This insures 
that the armature will be released, since if the opposing 
flux induced by coil 9 is sufficiently large, the holding 
force acting on armature 10 will momentarily approach 
ZO. 

While the addition of winding 9 has been proposed 
to overcome the problem where the armature 10 fails to 
release, certain other advantages also result. For ex 
ample, in a device having a very rapid response, the 
remanent flux in the core must be reduced to a low 
value for only as much time as is required to move the 
armature away from the core. If the armature can be 
moved rapidly, winding 9 may be pulsed with a current 
of very short duration. It has been found that it is 
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unnecessary to de-energize the winding 8 since winding 
9 may be supplied with a high current pulse which 
causes the flux density to approach zero, thereby insur 
ing that the armature will be released. 
Another advantage of winding 9 is the compensation 

of the effects due to temperature changes, as mentioned 
previously. 
A frequently encountered problem with "on the fly' 

printers is registration. Since the type is moving at high 
speed any lack of proper hammer timing results in dis 
placement of the printed character from the proper posi 
tion. In this embodiment any error in registration is 
limited to vertical displacement since the horizontal posi 
tion is fixed. Although our device achieves greater 
accuracy than other systems of comparable speed, it is 
desirable that maximum speed be obtained. Small varia 
tions from hammer to hammer in response time and op 
erating characteristics become significant factors at high 
speeds. To permit accommodation of these variations 
we provide variable resistors 30 in series with each of 
windings 8. While these resistors do not affect the holding 
force of the pole faces 22, since these are at saturation, 
they do affect the time it takes the current in the bucking 
coil to cause release. It can be seen that the operating 
point on the B-H curve will be further to the left for 
an increasing value of resistor 30 and further to the 
right for a smaller value. While the holding force on 
armature 0 remains essentially the same for all values 
of resistor 30, the release time may be varied over a 
narroW range. 
This is better understood with reference to FIG. 6 and 

FIG. 5 in combination. Assuming that pole faces 22 
become essentially saturated when the flux density reaches 
the level of line 31. Increased excitation to winding 30 
increases the ampere turns but the flux density is in 
creased only sightly. If resistor 30 is set to provide am 
pere turns equal to line 32 of FIG. 5, the flux in the core 
will be at point 33. Carrying this value across to FIG. 
6, which represents holding force plotted against time, 
it may be seen that the flux decays along curve 34 when 
winding 8 is disconnected. A vastly faster decay is 
produced when winding 9 is energized with a high cur 
rent pulse as shown by curve 35. 

If resistor 30 is decreased to provide ampere turns 
equivalent to line 36, the flux will be at point 37. Carry 
ing this value to FIG. 6, the flux decay will follow curve 
38 for the case where winding 8 is merely de-energized 
and curve 39 for the embodiment where winding 9 is en 
ergized with a high current pulse. 

Since the spring force causes the armature to be re 
leased when the flux drops below the value represented 
by line 4C, T4 represents the release time for the curve 
38 and T42 represents the release time for curve 34. 
The difference between Tai and T4 represents the adjust 
ment possible with resistor 30. Similarly T43 and T4 
represent the release times for flux decay curves 39 and 
35 respectively. 

FIG. 6, in addition to showing how the actuating time 
may be controlled by resistor 30, shows how the release 
or actuating time and the variation in this time is substan 
tially reduced by the use of a bucking winding. The in 
terval between T3 and T4 is substantially less than the in 
terval between T1 and T42. This shows the reduced in 
fluence of variables on the preferred embodiment of our 
invention. 
The use of resistor 30 permits the operator to make an 

immediate accurate adjustment to correct any misalign 
ment that may exist. 
While the invention has been particularly shown and 

described with reference to preferred embodiments there 
of, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein without departing from the spirit and 
Scope of the invention. 
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6 
What is claimed is: 
1. In a print hammer actuating device: a core of mag 

netic material having first and second windings thereon, a 
print hammer having an armature portion and movable 
between said core and print position, spring means urging 
said hammer toward said print position, mechanical means 
for restoring said hammer to said core against the action 
of said spring means, means for continuously energizing 
said first winding to retain said restored hammer in en 
gagement with said core, and means for momentarily ener 
gizing said second winding to oppose the flux induced by 
said first winding and reduce the flux density of said core 
whereby said hammer is released to be moved toward said 
print position by the action of said spring means. 

2. In a print hammer actuating device: a core of mag 
netic material having first and second windings thereon, 
means for continuously energizing said first winding, a 
print hammer movable between a ready and a print posi 
tion, an armature portion of said print hammer abutting 
said core in said ready position, spring means urging said 
hammer toward said print position, mechanical means for 
periodically restoring said hammer to said ready position 
against the action of said spring means whereby said ham 
mer is retained in engagement with said core by the in 
duced flux of said first winding, and means for momen 
tarily energizing said second winding to induce a flux in 
said core opposing that of said first winding and to reduce 
the flux density of said core and release said hammer for 
movement toward said print position by the action of said 
spring means. 

3. A print hammer actuator comprising: a core of mag 
netic material having first and second windings thereon, 
a print hammer having an armature portion and movable 
between a first, ready, position wherein said armature 
abuts said core and second, print, position; spring means 
urging said hammer toward said print position, mechani 
cal means for restoring said hammer to said ready position 
against the action of said spring means, means for con 
tinuously energizing said first winding to retain said re 
stored hammer in the ready position with said armature 
abutting said core, and means for momentarily energizing 
said second winding to reduce the flux density of said core 
whereby said hammer is released for movement toward 
said print position by the action of said spring means. 

4. A print hammer actuator comprising: a core of mag 
netic material having first and second windings thereon 
Wound in opposing relationship, a print hammer having an 
armature portion and movable between a ready position 
and a print position, means fixedly positioning said core to 
abut said armature when said hammer is in the ready posi 
tion, spring means urging said hammer toward said print 
position, mechanical means for restoring said hammer to 
the ready position against the action of said spring means, 
means for continuously energizing said first winding to re 
tain said restored hammer in the ready position with said 
armature abutting said core, and means for momentarily 
energizing said second winding to induce an opposing flux 
and reduce the flux density of said core whereby said ham 
mer is released for movement toward said print position 
by the action of said spring means, 

5. In a print hammer actuating device: a core of mag 
netic material having a winding thereon, pole face por 
tions of said core, said pole face portions having a re 
stricted area operating to increase the flux density in said 
pole face over the flux density in the remainder of the 
core, a print hammer having an armature portion and 
movable between a first position abutting said pole faces 
and a second, print, position; spring means urging said 
hammer toward said print position, mechanical means for 
restoring said hammer to said pole faces against the ac 
tion of said spring means, means for continuously ener 
gizing said first winding to retain said restored hammer in 
engagement with said pole faces, and means for momen 
tarily reducing the flux in said core whereby said hammer 
is released to be moved toward said print position by the 
action of said spring means. 
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6. A device according to claim 11 wherein the means 
for reducing the fux in said core comprises means for 
momentarily de-energizing said winding. 

7. In a print hammer actuating device: a core of mag 
netic materia having a winding thereon, pole face portions 
of said core, said pole face portions having a restricted 
area operating to increase the flux density of said pole 
faces over the flux density in the remainder of said core, 
a print hammer having an armature portion and movable 
between a first position abutting said pole faces and a sec 
ond, print, position; mechanical means for restoring said 
hammer to said pole faces against the action of said spring 
means, means for continuously energizing said first wind 
ing to saturate said pole faces and retain said restored 
hammer in engagement with said pole faces, and means 
for momentarily de-energizing said winding to reduce the 
flux of said pole faces whereby said hammer is released to 
be moved toward said print position by the action of said 
spring means. 

8. In a print hammer actuating device: a core of 
magnetic material having a winding thereon, pole face 
portions of said core, said pole face portions having a 
restricted area operating to increase the flux density of 
said pole faces over the flux density in the remainder of 
said core, a print hammer having an armature portion 
and movable between a first position abutting said pole 
faces and a second, print, position; mechanical means 
for restoring said hammer to said pole faces against the 
action of said spring means, means for continuously ener 
gizing said first winding to place said pole faces in the 
region of magnetic saturation and retain said restored 
hammer in engagement with said pole faces, means for 
momentarily de-energizing said winding to reduce the 
flux of said pole faces whereby said hammer is released 
to be moved toward said print position by the action of 
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said spring means, and means for adjusting the energiza 
tion of said winding to vary the flux density of said core 
while maintaining the pole faces in the region of satura 
tion to provide an adjustable release time without affect 
ing the holding force of said pole faces. 

9. In a print hammer actuating device: a core o 
magnetic material having first and second windings there 
on, pole face portions of said core, said pole face portions 
having a restricted area operating to increase the flux 
density of said pole faces over the flux density in the 
remainder of said core, a print hammer having an arma 
ture portion and movable between a first position abutting 
said pole faces and a second, print, position; mechanical 
means for restoring said hammer to said pole faces against 
the action of said spring means, means for continuously 
energizing said first Winding to place said pole faces in the 
region of magnetic saturation and retain said restored 
hammer in engagement with said pole faces, means for 
momentarily energizing said second winding to induce an 
opposing flux and reduce the flux density of said pole faces 
whereby said hammer is released for movement toward 
said print position by the action of said spring means, and 
means for adjusting the energization of said first winding 
to vary the flux density of said core while maintaining 
the pole faces in the region of saturation to provide an 
adjustable release time without affecting the holding force 
of said pole faces. 
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