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[57] ABSTRACT 

In a helical line printer having a limited number of 
type wheels, the type wheels and corresponding ham 
mers are held on a ?xed frame while the paper car 
riage is moved laterally in a repetitive manner by a 
cam drive such that each type wheel and-hammer 
combination prints out a plurality of characters per 
line, the paper carriage being returned laterally to its 
starting position after the printing of a complete line, 
while the paper is indexed to the next row. The print 
hammers, normally maintained in a spring loaded 
position by a permanent magnet, are actuated by ener 
gizing a coil to produce a bucking magnetic ?eld 
which counteracts the ?eld of the permanent magnet, 
and are caught and locked on rebound from the type 
wheel by the permanent magnet. 

4 Claims, 7 Drawing Figures 
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PRINT HAMMER MECHANISM WITH MAGNETIC 
REINFORCEMENT TO CATH HAMMER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention lies in the ?eld of helical wheel line 

printers and, more particularly, limited wheel printers 
having the paper carriage driven repetitively with 

Art 
Helical wheel type line printers are well known in the 

art. In the basic single helical wheel line printer, as dis 
closed in U. S. Pat. No. 2,843,243, the helical wheel 
and hammer are moved synchronously across the en 
tire line of print, the hammer being actuated cor 
responding to each desired column of print across the 
line. At the end ofa line of print, both the helical wheel 
and the hammer are returned to the starting position 
for the next line, while the paper is shifted into position 
to receive the print of the next line. An adaptation of 
this original type of line printer is the limited wheel 
printer, comprising a limited number of wheels, each of 
which wheels advances through a given pitch or 
distance, each wheel having an associated hammer 
which moves in conjunction with it and which is actu 
ated corresponding to each desired print character. 

While, for a given wheel rotation speed, the limited 
wheel line printer inherently operates at a lower net 
print out speed, it provides the basic advantage of 
lower cost due to having to incorporate only a limited 
number of wheel-hammer pairs. There is thus a direct 
trade-off between printer speed and cost. In the limited 
wheel line printer it is, of course, necessary to 
synchronize the movement of each helical wheel and its 
associated hammer. A number of methods are devised 
and are in practice for accomplishing this. However, 
moving the print wheels and the hammers 
synchronously requires building a frame which sup 
ports both, which frame itself must be moved within the 
overall printer frame. It is thus necessary to move, and 
move precisely, a large frame which carries considera 
ble weight. In addition to the engineering required to 
efficiently and precisely move the frame carrying the 
type wheels and hammers, it requires considerable 
power, and consequent expense, to drive such a heavy 
frame. It is therefore desirable to mount the print 
wheels and hammers on a ?xed frame and provide rela 
tive movement of the paper by another means. 

In conventional line printers, the hammers are actu 
ated through electromagnets which impart a driving 
force to the hammer, driving it against the print wheel, 
this driving force acting against a spring mechanism 
which returns the drive hammer to a normal unbiased 
position. Thus, the energy which must be supplied by 
the electromagnet is not only that required to drive the 
hammer against the print wheel, but also that amount 
of energy necessary to work against the spring. Thus, 
the conventional line printer operates with inef?cien 
cies both in the manner of positioning the print wheels 
and in driving the hammers against the wheels. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a limited 
wheel line printer having helical print wheels and cor 
responding hammers mounted in ?xed positions rela 
tive to the frame of the printer, and means for driving 
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2 
the paper carriage cyclically with respect to the posi 
tion of the hammers and wheels, so as to overcome the 
disadvantages of the prior art methods of moving the 
hammers and wheels with respect to the ?xed position 
paper carriage. 

It is a further object of this invention to provide a 
limited line printer with means for actuating the print 
hammers in a manner which overcomes the inefficien 
cies of the prior art. 

It is a further object of this invention to provide 
limited line printers having a more efficient manner of 
providing relative lateral motion of the print wheels 
with respect to the paper, and providing a more effi 
cient manner of actuating the print hammers. 

Accordingly, the invention provides a limited wheel 
line printer comprising a main printer frame, a limited 
number of ?xed position type wheels arranged longitu 
dinally on a common axis, hammers corresponding 
respectively to each type wheel and also held in ?xed 
positions such that the spacial relationship between 
each wheel and its respective hammer is unchanged 
during operation of the printer, a paper carriage 
moveably mounted on said main frame and driven 
laterally in a repetitive manner by a cam drive a 
distance corresponding to the separation of adjacent 
type wheels, the paper carriage being returned laterally 
to its starting position each time a line is printed and 
the paper is indexed to the next row. The ?xed position 
print hammers are normally maintained in a spring 
loaded position by a permanent magnet and released by 
application of an opposing magnetic ?eld. The ham 
mers are caught and locked by the attractive force of 
the permanent magnet on the ?rst rebound from the 
type wheel, and, in an alternate embodiment, are re 
loaded by an additive magnetic ?eld timed to catch and 
lock the hammer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the line printer. 
FIG. 2 is a sectional view taken along lines 2-2. 
FIGO 3 is a plan view taken along lines 3—3. 
FIG. 4 is a schematic diagram of the bi?lar coil wind 

mg. 
FIG. 5 is a sectional view of an alternate embodiment 

of the hammer and hammer actuator. 
FIG. 6 is a partial view showing pairs of print wheels 

having opposite helixes. 
FIG. 7 is a graph showing movement of the paper 

carriage in the embodiment using print wheel pairs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1 of the drawings, side frames 
51 constitute a portion of the main housing of the line 
printer. Mounted on one of side frames 51 is a motor 
50 which provides the moving force for the printer. 
Motor 50 is connected through a series of belts 52 to a 
cam shaft 54, a paper tractor shaft 91, and a type wheel 
shaft 65. 
Type wheel shaft 65 has mounted thereon a plurality 

of type wheels 66, adjacent wheels being separated by 
spacers 67. The type wheels are ?xedly attached to 
shaft 65, and are rotated about shaft 65. Each type 
wheel has alphanumeric characters ?xed thereon in a 
typical helical arrangement. It is to be noted that shaft 
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65 is mounted within the two side frames shown, and 
can only rotate about its axis, there being no provision 
for imparting lateral movement to the type wheel shaft. 

In ?xed relation to each type wheel 66 is a hammer 
75, shown in more detail in FIG. 2. The hammers 75 
are also mounted in fixed positions, such that each 
hammer is held stationary with respect to its respective 
type wheel. 

Still referring to FIG. 1, belt 52 drives cam shaft 54 
which is connected to cam 55. Held ?rmly seated 
against the track portion of cam 55 is a cam follower 56 
which is integrally connected to a carriage support 
shaft 57. The carriage support shaft, which carries the 
paper carriage, not shown, and thus the paper on which 
the printout is made, is held ?rmly against the cam by 
springs 58, and rides in a back and forth or lateral 
manner in accordance with .the cam con?guration. As 
is seen more clearly in FIG. 3, the angular rotation of 
cam 55 causes cam follower 56, and the carriage shaft 
57, to move laterally in a reciprocating manner, this 
providing relative motion of the paper carriage with 
respect to the ?xed type wheels and ?xed position ham 
mers. . 

Also mounted on the frame sides 51, and driven by 
pulleys 52, is paper tractor shaft 91, which drives paper 
tractors 90, which impart line-to-line motion to the 
paper carried by the paper carriage. The paper tractor 
shaft 91 is driven by a conventional clutch 92 operated 
upon electrical signals supplied to a solenoid 93. The 
paper tractors 90 are supported by carriage shaft 57, 
and move freely in a lateral direction with respect to 
shaft 91. I 

Referring now to FIG. 2, the relationship of the type 
wheels, the hammers, and the paper on which the prin 
tout is achieved may be seen. Hammer 75 has a head 
76, which is driven forward and against the type wheel 
66, and an armature 77, suitably made of soft steel. The 
armature 77 extends through an opening in pole piece 
79 to which is attached a permanent magnet 80. A 
center pole 82, also suitably made of soft steel, is at 
tached to pole 79 and located at the rear of the same 
opening, and is adjustable in position by rotation of the 
threaded end 83. Under normal operating conditions, 
the magnetic ?eld established by permanent magnet 80 
passes through poles 79 and 82, and pulls armature 77 
into the opening, thus holding it in a loaded, or cocked 
condition, with head 76 displaced from type wheel 66. 
The magnetic ?eld provides a force opposing the spring 
force exerted by pring 81, which spring would drive the 
hammer against the type wheel in the absence of the 
restraining magnetic ?eld. In the normal loaded posi 
tion, armature 77 is flush against center pole 82, 
providing a continuous path for the magnetic ?eld 
created by the magnet. 

Also attached to pole pieces 79 is a coil 85 which, 
when energized with a DC current, provides a magnetic 
field through center pole piece 82. Depending upon the 
manner of energizing the coil, such magnetic ?eld is 
either opposing, or bucking, that of the permanent 
magnet, or is in such a direction as to reinforce it. FIG. 
4 shows a suitable bi?lar con?guration for providing al 
ternately an opposing or reinforcing ?eld. The bi?lar 
coil is separated into two components, and by the appli 
cation of a single DC voltage across either terminal, a 
magnetic ?eld of opposing or reinforcing polarity is ob 
tained. 
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4 
In operation, an opposing current is applied to coil 

85 coincident with the moment that the desired 
character on the helical wheel passes opposite the 
hammer head. The strength of the opposing magnetic 
field is suf?cient to overcome the restraining force of 
the permanent magnet, thus releasing the hammer 
which is drivenforward by spring 81. It is to be noted 
that the unrestrained hammer responds in a simple har- _ 
monic manner, the hammer having a maximum mo 
mentum at the moment that springs 81 pass through 
their straight condition. The position of spring 81 with 
respect to the type wheel 66 is such that the springs are 
appreciably straight at the moment that the tip of 
hammer 76 makes contact, through the paper 99, with 
the type wheel 66. Thus, the arrangement as shown in 
FIG. 2 provides an optimally efficient manner of driv 
ing the hammer and of delivering maximum hammer 
energy, as contrasted to the conventional design where 

' a hammer is driven against a spring. 
The hammer 75 in combination with the spring 81 

has a natural frequency of oscillation, resulting in a 
speci?c time period between time of release of the 
hammer and the time that it achieves its greatest return 
upon bouncing off of the type wheel. At exactly such 
time, the coil 85 is again pulsed with a DC current, this 
time pulsing the second winding so as to produce a 
magnetic ?eld which reinforces the magnetic field 
created by the magnet 80. In such manner, minimum 
electrical power is required to catch and hold the 
hammer in a locked condition. Further, by the use of 
this mechanism the hammer bounces off of type wheel 
66 only once, thus eliminating the usual smudging that 
occurs when the hammer bounces off the type wheel 
several times or is allowed to come to rest against the 
type wheel for a limited period of time. It is to be noted 
that the circuit for providing alternating polarity elec 
tromagnetic pulses may be varied, and the invention is 
not limited to the bi?lar winding as shown. 
An alternate embodiment of the actuator, not requir-. 

ing the second current pulse, is shown in FIG. 5. In this 
embodiment, the permanent magnet 101 is made of 
sufficient strength that the hammer is self-latching after 
the ?rst, or bucking, DC current pulse is removed. 
Upon release of the hammer, it travels a distance of ap 
proximately 0.060 inch before striking the type wheel. 
By designing the permanent magnet 101 and the mag 
netic circuit such that the magnet can pull the hammer 
across at least a 0.060 inch gap, the hammer will be re 
loaded after the bucking DC pulse, applied to coil 102, 
terminates. Magnetic circuit pieces 103 and 104, 
preferably constructed of soft iron, provide the mag 
netic circuit path. Piece 104 is constructed to surround 
hammer armature 106, so as to maximize the flux act 
ing on the armature. 

In operation of the line printer of this invention, the 
movement of paper carriage 57 is determined by the 
con?guration of cam 55. As shown in FIG. 3, cam 55 is 
in a zero, or starting position, corresponding to which 
the paper carriage is in position for start of the printing 
of a line. As the cam is rotated, cam follower 56 and 
carriage shaft 57 are driven to the left, as indicated in 
FIG, 3, providing relative displacement of the paper 
with respect to the ?xed position type wheels. The cam 
surface is such that the lateral advance on the shaft 57 
is linear with respect to time, the paper moving linearly 
for a distance equal to the spacing, or pitch between 

l060l2 0022 
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adjacent type wheels. By way of illustration, the line 
printer of this invention may utilize 16 helical type 
wheels, with a spacing between adjacent wheels such 
that each wheel covers eight spaces during the printing 
of a line. Thus, while the cam is linearly moving the 
paper carriage shaft with respect to the wheels, each 
wheel is rotated 8 times, with a corresponding 
character printout for each wheel rotation, depending 
upon the signal information transmitted to the respec 
tive hammer actuators. Thus, after the cam has driven 
the paper carriage eight spaces with respect to the type 
wheels, the 16 wheel printer has printed out a line com 
prised of 128 characters, or columns. correspondingly, 
the total pitch of the cam is equal to eight column 
spaces. 

For a typical helical wheel having a pitch of 0.1 inch, 
with each helical wheel printing eight columns, the cam 
produces an 0.8 inch range in movement of the paper 
carriage. It is noted that the movement of the cam is 
synchronized with that of the type wheels, which are 
constantly rotating, it being important to maintain 
synchronization between the angular rotation of the 
type wheels and the linear movement of the paper. 
After a complete line has been printed, and during the 
time that the paper tractor is shifting the paper to the 
next line, it is necessary to return the paper carriage to 
the starting position. This is accomplished by further 
rotation of the cam, during which time the cam fol 
lower returns to the starting position as shown in FIG. 
3. It has been found that a suitable cam design is that 
which advances the paper carriage linearly for about 
two-thirds of the cam rotation, and returns the paper 
carriage during the last third of the cam rotation, such 
that the return time is approximately one-halfthe paper 
advance time. 
At the moment the carriage shaft 57 begins to ad 

vance from its starting, or zero displacement position, 
each type wheel passes through its zero angular dis 
placement position. During the first revolution of the 
type wheel, during which time the paper carriage ad 
vances one space, the hammer is actuated by a DC cur 
rent signal applied to a first winding of bi?lar coil 85. 
This signal is synchronized with the angular rotation of 
the type wheel, such that the hammer is released op 
posite the desired character. The DC current signal is 
of short duration, a signal of less than 1 millisecond 
being suf?cient to release the hammer. The natural 
frequency of oscillation of the hammer, determined by 
the length of spring 81 and the mass of hammer 75, 
produces a typical oscillation period of approximately 
5 milliseconds. Accordingly, a second DC pulse is ap 
plied to the second winding of the bi?lar coil approxi 
mately 5 milliseconds after the ?rst pulse, the second 
pulse generating a magnetic ?eld reinforcing the mag 
netic ?eld of the permanent magnet, thereby catching 
and locking the hammer after its ?rst bounce'off the 
type wheel. During the next revolution of the type 
wheel, the same procedure is followed. In this manner, 
the type wheel is actuated eight times during the lateral 
movement of the paper carriage through eight column 
spaces. During the return of the paper carriage to its 
zero displacement position, the type wheels are rotated 
an integral number of revolutions, such that each type 
wheel passes through its zero angular displacement 
position at exactly the same time that the paper car 
riage passes through its zero displacement position. 
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In an alternate embodiment of this invention, helical 

wheel pairs, as illustrated in FIG. 6, are utilized. For 
each pair of wheels, one wheel has a forward helix and 
the other a backward helix, with each wheel having a 
corresponding hammer. Accordingly, the cam is 
designed to move the carriage in the forward and 
reverse directions at equal speeds, with turn-around 
periods during which the paper is shifted to the next 
line. Referring to FIG. 7, movement of the paper car 
riage with time is shown. From time A to time B the 
paper carriage is advanced linearly to the left, while the 
forward F helical wheels are used. Between times B and 
C, the carriage is moved further to the left and back to 
the right, such that at time C it is in the same position as 
at time B, but advancing linearly to the right. During 
this turn-around time, the paper is advanced for the 
printing of the next line. From time C to time D, the 
paper carriage is advanced linearly to the right, during 
which time the reverse R wheels vare used. Thus, the 
carriage return time is utilized for printing and an 
overall time savings is achieved, thereby providing an 
increase in speed of the printer. 

It is appreciated that other combinations may be 
adapted for use with this invention. The illustrations 
are given solely to explain the operation of the printer 
of this invention, and do not limit the invention as 
claimed. 

I claim: 
1. In a line printer having a plurality of print wheels, 

hammer apparatus comprising a plurality of hammers, 
each hammer being pivotably mounted in a ?xed posi 
tion relative to a respective print wheel, and each said 
hammer comprising: 

a. a hammer head having an armature made of a 
magnetic conducting material connected thereto; . 

b. a pole piece positioned adjacent said armature and 
adapted to hold said armature in contact therewith 
when a magnetic ?eld is established therein; 

0. magnetic ?eld means connected to said pole piece 
for establishing a continuous magnetic ?eld 
therein of suf?cient strength to hold said armature 
in contact with said pole piece; 

d. a hammer drive spring connected to said hammer 
head to provide a spring force opposing the hold 
ing force of said continuous magnetic ?eld; 

e. a coil mounted about said pole piece and having a 
?rst winding adapted to generate a ?rst magnetic 
?eld opposing said continuous magnetic ?eld, and 
a second winding to generate a second magnetic 
?eld reinforcing said continuous magnetic ?eld; 
and, 

f. ?rst actuating means for actuating said ?rst coil 
and generating said ?rst magnetic ?eld with a mag 
nitude which substantially cancels out said con 
tinuous magnetic ?eld, and for a ?rst duration 
such that said spring force is substantially unop 
posed long enough to release said hammer such 
that it is driven against said respective type wheel, 
said duration being ended prior to the rebound of 
said hammer from said type wheel, and second ac 
tuating means for actuating said second coil and 
generating said second magnetic ?eld with a mag 
nitude suf?cient to catch and lock said hammer on 
its rebound from said type wheel and, for a second 
duration initiated at the time of such rebound and 
terminated prior to the next release of said 
hammer. 
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The apparatus as described in claim 1 wherein said 
coil has a bifilar winding. 

3. The line printer as described in claim 1 wherein 
said pole piece comprises a contact element adjustable 
in position, said armature being normally held in con 
tact with said contact element. 

4. In a line printer having a hammer acting in com 
bination with a type wheel, the method of actuating 
said hammer so that it strikes said type wheel only 
once, comprising: 

a. normally holding said hammer against a drive 
spring by a continuous magnetic force only; 

b. releasing said hammer by generating a ?rst mag 
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netic force opposing said continuous magnetic 
force and of a magnitude to substantially cancel 
said continuous magnetic force, and for a first du 
ration limited such that said ?rst magnetic force is 
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8 
terminated prior to the time said released hammer 
rebounds after striking said type wheel; 

. driving said released hammer against said type 
wheel by the force of said drive spring; and 

. catching and holding said driven hammer after its 
?rst rebound off of said type wheel by generating a 
second magnetic force of sufficient magnitude and 
in a direction so as to reinforce said continuous 
magnetic force, said second magnetic force having 
a duration commencing after said hammer strikes 
said-type wheel and terminating after said hammer 
is caught and held and before the next release of 
said hammer, said hammer being held against said 
drive spring by said continuous magnetic force 
only until the generation of said next opposing 
magnetic force. 

* ‘ * * * * 
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