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57) ABSTRACT, 
A key mechanism has co-axial permanent magnets as 
a biasing means for key operator and co-axial perma 
nent magnets operable to cause snap action operation 
of a cylindrical cup within a housing. The co-axial bi 
asing magnets are magnetized in parallel to their com 
mon axis and have a polarity of opposite direction. 
The actuator permanent magnets are magnetized in 
parallel with their common axis and have a polarity in 
the same direction. The force-displacement character 
istic of the biasing magnets is matched to the force 
displacement characteristic of the actuator magnets to 
provide a predetermined tactile force-displacement 
characteristic for the operator. 

8 Claims, 18 Drawing Figures 
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1 
MAGNETIC KEY MECHANISM OR THE LIKE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to magnetic actuators and par 

ticularly to magnetic actuators comprised of relatively 
movable co-axial permanent magnets. While not neces 
sarily limited thereto, this invention has special utility 
for manual key mechanisms and particularly manual 
key mechanisms of the type used in terminals for data 
processing systems, business machines, communication 
devices or other type information processing devices. 

2. Description Of Prior Art 
Actuators using co-axial permanent magnets are 

well-known in the art. Specific examples of prior art are 
disclosed in U.S. Pats. Nos. 3,458,841; 3,376,527; 
3,273,091; 3,529,269 and German Pat. No. 1,141,000. 

The foregoing prior art discloses various types of 
magnetic actuators using co-axial permanent magnets 
as part of the operating mechanisms of switch devices. 
As described therein, axial displacement of one magnet 
causes the other to move relative to the first with a snap 
action to perform a switch function. From the prior art, 
little is taught concerning the nature of the tactile prop 
erties of these mechanisms. Essentially the prior art 
teaches that translational displacement of one magnet 
is opposed by a magnetic force from the other magnet 
which increases continuously until the spatial relation 
of the magnets reaches a critical position whereupon a 
sharp decrease and reversal in force occurs due to the 
snap action displacement of one of the magnets. It is 
also stated that a human operator cannot feel and an 
ticipate the point at which snap action occurs. Beyond 
this teaching nothing is disclosed which would enable 
one skilled in the art to control or selectively vary the 
tactile properties of key mechanisms or the like using 
such magnetic actuators to satisfy varying condition of 
applications of such mechanisms particularly where 
manual operation is involved. 

It is also desirable in keyboard devices to have key 
mechanisms which are capable of high speed operation 
and in which the switching action always occurs at pre 
cisely the same location and with the same feel for each 
operation. It is also desirable that the key mechanisms 
retain these qualities of feel and precision in spite of a 
large number of operations for an extended period of 
time. It is also desirable from the user point of view that 
each of the key mechanisms of multiple key devices be 
substantially identical in their tactile and operating 
characteristics. Prior art key devices have employed 
spring elements which affect the tactile properties of 
the operation of the mechanism. Precision spring ele 
ments are generally costly items and even the best qual 
ity spring elements tend to alter after normally exten 
sive use. Thus, operator efficiency tends to be affected 
or repair and replacement becomes a relatively fre 
quent and costly expedient. 

SUMMARY OF THE INVENTION 
It is therefore an object of this invention to provide 

an improved magnetic actuator mechanism which 
meets the above requirements. 
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2 
It is a specific object of this invention to provide an 

improved magnetic key mechanism or the like in which 
tactile properties can be selectively controlled. 

It is a specific object also of this invention to provide 
an improved key mechanism which is capable of preci 
sion operation with extensive use and without requiring 
repair. 

It is a further more specific object of this invention 
to provide an improved key mechanism as stated above 
which does not require the use of mechanical spring el 
ementS. 

It is a still further object of this invention to provide 
a key mechanism which accomplishes all of the above 
objectives and advantages and which is relatively inex 
pensive and easy to service. 
The above, as well as other objects, are attained in 

accordance with this invention by providing a key 
mechanism or the like actuator mechanisms with a bi 
asing means and co-axial actuator permanent magnets 
which have force-displacement characteristics that are 
matched to provide a predetermined force 
displacement characteristic to the operator member of 
the key mechanism. Fundamental to the practice of this 
-invention is the discovery that the interactive force be 
tween reciprocating co-axial magnets, contrary to pre 
vious belief, decreases with displacement of one of the 
magnets for a controllable finite distance prior to the 
snap action motion of its cooperating magnet. On the 
basis of this discovery this invention features the 
matching of the decreasing force-displacement charac 
teristic of co-axial permanent magnets with an increas 
ing force-displacement characteristic of a biasing 
means to provide a preselected force-displacement 
characteristic of the operator of the key mechanism as 
a means for providing a preselected tactile quality to 
the operator member. In general, the matching is such 
that a reciprocating key operator member has a con 
stant tactile force-displacement characteristic. In a pre 
ferred form of the invention the force-displacement 
characteristic of the bias means is linear while the 
force-displacement characteristic of the co-axial per 
manent magnets is inversely linear. Thus, a constant 
tactile force-displacement characteristic is obtained for 
the key operator member which effectuates displace 
ment of the permanent magnet in opposition to the 
force of the biasing means. It is also within the purview 
of this invention to provide co-axial permanent actua 
tor magnets having a decreasing force-displacement 
characteristic the rate of which is greater than the in 
crease force-displacement characteristic of the biasing 
means. Thus, the force-displacement characteristic of 
the operator member is decreasing or negative over the 
range of its displacement in an operating member of 
the key mechanism. 

It is also a feature of this invention that the biasing 
means comprise a pair of co-axial permanent magnets 
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operating on a pair of relatively movable operating 
members. The permanent magnets are magnetized in 
parallel with a common axis but are oppositely polar 
ized. In the preferred form the co-axial biasing magnets 
are cylindrical and ring type and their relative lengths 
are adjusted to a factor of 2.0. This assures that the co 
axial biasing magnets will have, if desired, a linear 
force-displacement characteristic. It thus becomes pos 
sible with combinations of co-axial permanent magnets 
to eliminate the need for mechanical springs as a bias 
ing means for a key mechanism. It is further possible 
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with co-axial permanent magnets that have a linear 
force-displacement characteristic to match them with 
snap action type co-axial permanent magnets to obtain 
predetermined tactile properties for the operator mem 
ber of the key mechanism. Since both the biasing 
means and the actuating means are designed from long 
life permanent magnet materials, the switching and tac 
tile properties of the key mechanism will be substan 
tially unchanged over indefinite periods of time regard 
less of the amount of use. Such structures are relatively 
simple to manufacture and may be readily reproduced 
in large quantities. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an elevational view of a key mechanism and 

printed circuit board; 
FIG. 2 is a vertical section of the key mechanism of 

FIG. 1; 
FIG. 3 is a partial vertical section of a second em 

bodiment of a key mechanism; 
FIG. 4 is a horizontal section of the key mechanism 

of FIG. 2 taken along the line 4-4; 
FIG. 5 is a vertical section of a third embodiment of 

a key mechanism utilizing co-axial permanent magnets; 

FIG. 6 is a graph showing force-displacement charac 
teristic curves for various combinations of co-axial per 
manent magnets; 
FIGS. 7a-7i are sequence drawings illustrating the 

operation of the key mechanism of FIG. 2; and 
FIGS. 8, 9 and 10 show three different tactile force 

displacement plots for different kinds of key mecha 
nisms utilizing this invention. - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As seen in FIG. 1, a first embodiment of this inven 
tion is illustrated in a single key mechanism 10 
mounted on a printed circuit board 11. Key mecha 
nisms 10 and board 11 are representative parts of a 
keyboard assembly, further details of which are omit 
ted to simplify the description. The key mechanism 10 
basically comprises an external housing 12 fixedly at 
tached to the board 11 and an internal operating mech 
anism actuatable by manual pressure applied to button 
13. Button 13, FIG. 2, is attached by suitable means 
such as pin 14 to the upper end of a reciprocating 
plunger assembly which comprises shaft 15 having an 
upper bearing 16 and a lower bearing 17 connected by 
connector pin 18. The plunger assembly is normally 
subjected to an upward biasing force. Various types of 
biasing means may be provided; however, it is a feature 
of this invention that the biasing means comprise co 
axial permanent magnets. 19 and 20. In the embodi 
ment of FIG. 2 the biasing means takes the form of a 
cylindrical permanent magnet 19 which has an aper 
ture for receiving pin 18 in order that it may be sand 
wiched between the bearings 16 and 17 so as to be 
movable as part of the plunger assembly. Permanent 
magnet 19 co-acts with and is surrounded by perma 
nent ring magnet 20 which is mounted externally to 
housing 12. Biasing magnet 19 is magnetized in parallel 
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4 
with biasing magnet 20 but with opposite polarity. The 
bearings 16 and 17 of plunger assembly reciprocably 
slides within chamber 21 of the upper section of hous 
ing 12. The limits of the displacement of the plunger 
assembly are established by a stop rim 22 formed in 
housing 12 and by flange 23, which is part of the at 
tachment pin 14 for button 13. The upward displace 
ment of the plunger assembly is limited by the engage 
ment of stop 22 by the upper surface of the upper bear 
ing portion 16 while the downward displacement of the 
plunger is limited by the abutment of flange 23 on the 
upper edge surface 24 of housing 12. It is to be noted 
that the bearing portion 16 and housing 12 are de 
signed so that at the upper displacement position of the 
plunger assembly, the magnetic center line 25 of bias 
ing magnet 19 is displaced a finite distance below the 
magnetic center line 26 of biasing magnet 20. With the 
biasing magnets magnetized as shown, permanent mag 
net 19 is constantly subjected to an upwardly directed 
magnetic force in which permanent magnet 19 at 
tempts to move upwardly until the center lines 25 and 
26 coincide. By fixing the stop position so that center 
line 25 is displaced to one side of center line 26 a con 
stant magnetic biasing force exists which holds the 
plunger assembly in its upper displacement position to 
maintain shaft 15 fully extended for depression by ap 
plication of pressure to key 13. 
The operating mechanism in accordance with this in 

vention further includes a pair of snap action co-axial 
permanent magnets 27 and 28. Permanent magnet 27 
is preferably a cylindrical disc magnet attached by 
some suitable means, such as pin 29, which extends 
through an aperture in permanent magnet 27, and sup 
ports it on the bottom surface of bearing 17 of the 35 
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plunger assembly. Permanent magnet 28 is attached to 
the upper open end of a cylindrical cup 30 which is re 
ciprocally slidable within chamber 31 in the lower sec 
tion of housing 12. Permanent magnets 27 and 28 are 
magnetized in the same direction parallel to their com 
mon axis. The reciprocal displacement of permanent 
magnet 27 relative to ring magnet 28 by down/up appli 
cation of manual force to key 13 causes permanent 
magnet 28 and cup 30 to move with snap action in a re 
ciprocating manner within chamber 31 in the lower 
section of housing 12. The limits of displacement of 
cup 30 are controlled by stop rim 32 on the upper end 
of chamber 31 in housing 12 and an annular base rim 
33 on the bottom surface of cup 30 which abuts printed 
circuit board 11. A switching means is also attached to 
cup 30 such that when it reciprocates within chamber 
31 of housing 12, a circuit or the like (not shown) is ac 
tivated or deactivated on printed circuit board 11. In 
the preferred embodiment the switching means com 
prises a permanent magnet structure 34 mounted 
within a recess in the center of the bottom of cup 30. 
The magnetic switch structure 34 basically comprises 
a cylindrical or disc type permanent magnet 35 with a 
soft iron magnetic keeper 36. This permanent magnet 
structure is designed to provide an intense concen 
trated localized field which is capable of operating a 
magnetic sensor element such as a Hall effect cell (not 
shown) mounted as part of an integrated circuit semi 
conductor chip on the upper surface of printed circuit 
board 11. Further details of the magnetic switching 
structure and its operation may be obtained by refer 
ence to copending application of Michael Sulich and 
Albert W. Vinal, Ser. No. 263,832 filed June 19, 1972, 
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and assigned to the same assignee as this invention. 
Other switching mechanisms, either of the capacitive 
or mechanical type, may be attached to the bottom of 
the cup 30 for performing other switching operations 
for circuit devices mounted on printed circuit board 
1. 
Various materials may be used for making the key 

mechanism of FIGS. 1 and 2, however, in the preferred 
embodiment housing 12, shaft 15, along with bearing 
portions i6 and 17 and cup 30, are made of a plastic 
non-magnetic material. Likewise, pins 18 and 29 are 
also preferably non-magnetic. With the structural ar 
rangement shown in FIG.2 the permanent magnets 19, 
20, 27 and 28 are capable of being very precisely lo 
cated relative to each other so that the switching opera 
tion occurs at precisely the same physical location 
every time. Also, by using these structures the stop po 
sitions for the plunger assembly and cup 30 and hence, 
the permanent magnets, are very precisely controlla 
ble. It is also to be noted that the use of cup 30 as the 
support for permanent magnet 28 in combination with 
housing structure 12 permits the actuating permanent 
magnets 27 and 28 to be very precisely positioned radi 
ally as well as longitudinally. Thus, permanent magnets 
27 and 28 are supported such that there are no inter 
vening structures which would affect the efficiency or 
control of the magnetic forces which produce the snap 
action operation of these two magnets. With this ar 
rangement the concentric actuating permanent mag 
nets 27 and 28 can have a relatively small air gap 39, 
FIG. 4, which also can be precisely maintained so that 
the interactive magnetic forces experienced by the op 
erator on plunger assembly and key 13 does not deviate 
even after long periods of use. It is also to be noted that 
with the structures provided in the embodiment of FIG. 
2, the permanent magnets 19, 20, 27 and 28 are mov 
able without being subjected to mechanical wearing 
which would degrade its magnetic properties. By using 
plastic materials as supporting mechanisms for the per 
manent magnets the key mechanism is capable of being 
manufactured economically and due to the long wear 
and self-lubricating properties of available plastic ma 
terials the operating characteristics of the key mecha 
nism will not be appreciably altered after long periods 
of intensive use. While various permanent magnetic 
materials can be utilized to practice this invention, a 
preferred magnetic material comprises barium ferrite 
particles embedded in a synthetic rubber matrix. Such 
a permanent magnetic material is available commer 
cially under the trade name of l-H type Plastiform, 
manufactured by the Dialectric Materials Division of 
3M Company. Permanent magnet material of this type 
is available in sheet form. Consequently, the various 
permanent magnets 19, 20, 27 and 28 are readily pro 
duced from such by a stamping operation. Not only is 
this economical, but the dimensions of the magnet can 
be very precisely maintained for use in a key mecha 
nism. While the subject invention of embodiments 
shown in FIGS. 1 and 2 is illustrated as a single key 
mechanism, it will be appreciated that for a keyboard 
mechanism using multiple key mechanisms the housing 
12 might constitute a single block of non-magnetic ma 
terial having a plurality of chambers of the type illus 
trated for housing 12 with plural individual plunger as 
semblies movable within the individual chambers. The 
location and position of the chambers and plunger as 
semblies would coincide with the arrangement of plural 
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6 
sensors and related circuit on the printed circuit board 
1. 
FIG. 3 shows a second embodiment of a key mecha 

nism in which the biasing means has a coil spring 40 
mounted under button. 42 which is integral with 
plunger shaft 41. The other end of the coil spring 40 is 
held within annular recess 43 in the upper portion of 
housing. 44. Shaft 41 has a recess 45 in the bottom 
thereof which carries a cylindrical permanent actuator 
magnet 46. A cup 47 slidable within recess 48 in the 
bottom section of housing 44 carries a ring type perma 
nent magnet 49 such that it surrounds the permanent 
magnet 46. Stop rim 50 on chamber 48, engages stop 
flange 51 on plunger 41 to limit its upward displace 
ment under the operation of biasing spring 40. Down 
ward displacement of the permanent magnet 46 rela 
tive to permanent magnet 49 and cup 47 is limited by 
engagement of the under surface of cap 42 on the 
upper rim 52 of housing 44. A switch mechanism may 
be attached to the bottom surface of cup 47 for con 
tacting a circuit element or the like on printed circuit 
board 11. Like the embodiment of FIG. 2, housing 44, 
shaft 41 and cup 47 are a non-magnet plastic and the 
permanent magnets 46 and 49 are barium ferrite im 
pregnate rubber. 

In the embodiment of FIG. 5 the actuator ring mag 
net 55 is part of the manually operable plunger 56 
which slides reciprocally on housing 57. A biasing 
spring 58 is held between the upper end of housing 57 
and plunger 56. A co-axial cylinder permanent magnet 
59 reciprocates in snap action manner within vented 
chamber 60 of housing 57. A switch element 61 is at 
tached by pin 62 through an opening in the bottom of 
housing 57 to cylinder magnet 59. A base structure 63, 
which may be part of a keyboard support housing 57 
and has a chamber 64 for guiding switch element 61. 
It is understood that switch element 61 could be opera 
tive for either a capacitive or resistive circuit (not 
shown) which might be mounted on a printed circuit 
board such as 11 in FIGS. 1 and 2. 
The operation of the key mechanisms of the de 

scribed embodiments is understood by reference to the 
sequence drawings, FIGS. 7a-7i. FIG. 7a shows the key 
mechanism at start position, as shown in complete de 
tail in FIG. 2. At start position the magnetic center line 
37 of the actuator magnet 27 is located a finite distance 
above the magnetic center line 38 of actuator 28. In 
this position a repulsion force between the actuator 
magnets 27 and 28 causes cup 30 to be depressed 
downwardly to its fullest extent such that rim 33 on the 
bottom of cup 30 presses on the upper surface of 
printed circuit board 11. In this start position the 
plunger assembly is held at its upper limit by an upward 
force due to the interacting repulsion of the actuator 
magnets 27 and 28, as well as the previously described 
biasing force of the magnets 19 and 20. Thus, the upper 
bearing 16 of the plunger assembly is pressed against 
the upper stop rim 22 of housing 12 (see FIG. 2). 

In FIG. 7b an external manual force has been applied 
to button 13 causing the plunger assembly to move 
downward as shown by the arrow. Center line 37 of ac 
tuator magnet 27 is still above the center line 38 of per 
manent actuator magnet 28 causing cup 30 to be main 
tained in the downward position. Plunger assembly, 
and hence the human operator, continues to experi 
ence opposition force from the repelling forces of actu 
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ator magnets 27 and 28 in combination with a biasing 
force from permanent magnets 19 and 20. 
FIG. 7c shows the plunger assembly further de 

pressed to the point where the center lines 37 and 38 
of the actuator magnets 27 and 28 are substantially in 
alignment. At this point a first critical position is 
reached just prior to the reversal of the interacting 
magnetic forces between the actuator permanent mag 
nets 27 and 28. 
FIG. 7d shows the displacement of permanent mag 

net 28 and cup 30 at the time when the center line 37 
of actuator magnet 27 crosses the center line 38 of ac 
tuator magnet 28. When this relative displacement oc 
curs the center lines 37 and 38 are reversed from the 
positions shown in FIG. 7a, cup 30 and magnet 28 has 
moved upwardly with rapid snap action motion (as 
shown by the arrow). Magnets 27-28 now interact with 
an upwardly directed repulsion force thereby holding 
magnet 28 against rim 32 on chamber 31 of housing 12. 
In this figure, the plunger assembly is still moving 
downward in opposition to the force of biasing magnets 
19 and 20, but with repulsion force of magnets 27 and 
28 downwardly directed. 
FIG. 7e shows the plunger assembly depressed to its 

maximum downward limit. At this point, flange 23 (see 
FIG. 2) rests on the upper rim 24 of housing 12. In this 
position the center line 37 of permanent magnet 27 is 
below the center line 38 of permanent magnet 28. Cup 
30, therefore, will continue to be maintained up with 
permanent magnet 28 abutting rim 32 of housing 12 
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due to the upwardly directed repulsion force interact 
ing between magnets 27 and 28. Simultaneously, per 
manent magnets 19 and 20 will continue to exert up 
ward biasing force on the plunger assembly to key 13 
and the operator's finger. This bias force is greater than 
the downward repulsion force of magnet 28 on magnet 
27. - 

Having reached its downward most limit of displace 
ment, as shown in FIG. 7e, the plunger assembly will 
begin upward motion upon removal or lessening of ex 
ternal manual force on button 13. 
FIG. 7f shows the plunger assembly in motion up 

wards. As seen in FIG. 7f, the plunger has moved par 
tially upward under the force of the biasing magnets 19 
and 20. Since the center line 37 of permanent magnet 
27 is below the center line 38 of permanent magnet 28, 
repulsion force of the actuator magnets 27 and 28 is 
downward on the plunger assembly but upward on cup 
30. In this position the interactive repulsion magnetic 
force between the permanent magnets 27 and 28 con 
tinue to cause cup 30 to be held at its upper limit 
against a rim 32 of housing 12. 
FIG.7g shows the position of the actuator permanent 

magnets 27 and 28 at the position where their center 
lines 37 and 38 virtually coincide. This is again at the 
critical position of instability just prior to the time when 
the repulsion force between the actuator magnets re 
verses direction. 
FIG. 7h shows the position of the actuator magnets 

27 and 28 when their center lines 37 and 38 have 
crossed over with plunger still moving upward. In this 
position cup 30 will have moved rapidly clownward to 
its bottom limit with rim 33 resting on printed circuit 
board 11. Thus, the second switching action of thc 
switch structure 34 takes place. In this position the up 
ward force on the operator is considerably increased 
since now the repulsion force of the permanent mag 
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8 
nets 27 and 28 operates upwardly in conjunction with 
the biasing force of the permanent magnets 19 and 20. 
In this position, the plunger assembly is slightly de 
pressed. Bias and repulsion forces act in combination 
in an upward direction. 
FIG.7i shows the key mechanism back in its original 

position of FIG. 7a with plunger fully released in upper 
limit position set by rim 22 of housing 12 (see FIG. 2). 

As previously mentioned, one of the significant fea 
tures of this invention is the combination of a biasing 
means having a preselected force-displacement charac 
teristic with a pair of co-axial permanent magnets hav 
ing preselected force-displacement characteristics, 
whereby the tactile force-displacement characteristic 
of the key can be preselectively controlled. To better 
understand the significance of this invention the force 
displacement characteristics of representative co-axial 
actuator magnets are shown in FIG. 6. 

In FIG. 6 the ordinate of the graph is force measured 
ingrams, while the abscissa is displacement in terms of 
a K4 factor which is the ratio of distance relative from 
the center of the cylindrical inner magnet to its diame 
ter. It will be observed for the curves 65-68 of FIG.6 
that each pair of co-axial magnets has a force 
displacement characteristic which intersects the ab 
scissa at least three times. The abscissa intersection 
points represent the stable and unstable force positions 
for co-axial magnets. In the case of co-axial magnets 
whose magnetization is parallel and in the same direc 
tion, the abscissa intersection at the 0 point is an unsta 
ble force position, whereas the tabscissa intersections 
of the curves are the stable force positions. Thus, in 
connection with the key mechanism embodiment of 
FIG. 2, the 0 intersection of the abscissa for each of the 
curves in the graph of FIG. 6 represents the unstable 
positions for the permanent magnets 27 and 28 when 
there has been a relative displacement such that their 
respective center lines 37 and 38 coincide, as previ 
ously described in connection with drawings FIG. 7c 
and FIG.7g. It is at this position of instability where the 
permanent magnets experience a magnetic force which 
is at the threshold of changing direction from the posi 
tive to the negative force direction or vice versa which 
brings about the snap action motion of the permanent 
magnets and cup 30. The abscissa intersections at the 
positive or negative positions on either side of the 0 ab 
scissa position represent the stable positions for perma 
nent magnets 29 and 28 provided the displacement of 
the magnets is permitted to extend sufficiently far to 
permit the magnets to assume these stable positions. In 
accordance with this invention, however, the stops 22 
and 32 for the plunger assembly and cup 30 are set so 
that the stable positions of magnets 27 and 28 will not 
be reached. 
Where the co-axial permanent magnets are magne 

tized in parallel, but with polarization opposite in direc 
tion, the curves of the graph of FIG. 6 are conversely 
significant. Namely, the 0 abscissa intersection point 
indicates the stability position whereas the tabscissa 
intersection points represent unstable force positions. 
In reference to the biasing magnets 19 and 20 of the 
key mechanism embodiment of FIG, 2, this means that 
the () abscissa intersection point would occur if the cen 
ter lines 25 and 26 of said magnet were to coincide. 
However, as indicated in connection with the descrip 
tion of FIG. 2, the biasing magnets 19 and 20 are not 
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permitted to move to the coincidence center line stabil 
ity position because of the positioning of the stop rim 
22, the location of bearing 16, the magnets 19 and 20. 
Thus, as previously discussed, the magnets 19 and 20 
have a force characteristic which is unidirectional to 
upwardly bias the plunger assembly in FIG. 2. 

It will be noted further in connection with the curves 
65-68 of the graph in FIG. 6 that co-axial permanent 
magnets magnetized in the same direction, when mov 
ing from the stability positions, have a force character 
istic which increases and reaches a maximum value at 
some point prior to the arrival at the displacement posi 
tion in which their magnetic center lines coincide. 
From this peak position, the interacting magnetic force 
of the co-axial magnets decreases to the instability posi 
tion prior to the reversal of direction which produces 
the snap action. It will also be noted that in connection 
with curves 66-68 that the portion of the curve from 
the peak positions to the 0 abscissa intersection point 
is virtually linear. In accordance with this invention, 
this characteristic is used to permit the matching of the 
force of the biasing means and the force of the actuator 

'inconnection with FIG.6. As shown in FIG. 8, the ord 
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a thickness ratio of 2.0, Curve 68. By further compari 
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magnets to produce a controlled tactile force 
displacement characteristic. In the embodiments of the 
key mechanisms illustrated in FIGS. 1 through 6 it 
means that the stops for the plunger assemblies and the 
cup for the actuator magnet are located such that their 
limits of displacement occur so that the magnets are 
operating over the linear portion of the curves 66-68. 
While limiting is not necessarily required to get con 
trolled tactile force-displacement characteristics, as 
previously indicated, this is a preferred way to design 
a key mechanism since as a practical matter it would be 
easier to match a linear force-displacement character 
istic of a biasing means with the linear force 
displacement characteristic of a pair of co-axial mag 
netS. 

From the curves 65-68 of the graph of FIG.6 it is to 
be noted further that the location of the peak force of 
a pair of co-axial permanent magnets occurs at differ 
ent displacement positions relative to the 0 abscissa in 
tersection point. It can be shown that the location of 
this peak, as well as the linearity characteristics and the 
slope of the curves for a pair of co-axial magnets is di 
rectly related to the ratio of the thicknesses of the co 
axial magnet. Specifically, curve 65 represents a pair of 
co-axial magnets whose thickness ratio is 0.5. The 
thickness ratio of the magnets for curve 66 is 1.0 while 
the thickness ratios for curves 67 and 68 are 1.5 and 
2.0, respectively. Other parameters for a pair of co 
axial permanent magnets of l-H type Plastiform repre 
senting curves 65 through 68 are as follows: 
Outside Diameter, cylinder magnet = 300 mils 
Cylinder magnet ratio-thickness/diameter = 0.90 
Inside and outside diameter ratios of ring magnets are 

1.3 and 2.0 times the diameter of the cylinder mag 
net. 

It is to be noted further from FIG.6that curve 66, for 
example, has a peak force greater than that for other 
thickness ratios and that a linear force displacement 
property exists at relatively small displacements to ei 
ther side of the abscissa intersection. This means that 
fast acting low profile keys can be constructed which 
are also characterized by small plunger displacements. 
Key mechanisms requiring long plunger travel and ex 
tensive linear regions of the tactile force function, are 
best satisfied by use of a pair of co-axial magnets having 
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son, a key mechanism in which the thickness ratio of 
the co-axial magnet is in the neighborhood of 0.5 would 
require substantially greater amount of displacement of 
the plunger assembly by the operator and would have 
a non-linear characteristic in the initial portion of the 
tactile force curve. A significant feature to be further 
understood in connection with the curves of FIG. 6 is 
that they apply to co-axial permanent magnets whose 
polarity direction in the same, as well as opposite, 
where the polarization is parallel to their common axis. 
For this reason, in accordance with this invention, it is 
possible to have an all-magnetic key mechanism in 
which the biasing means comprises co-axial permanent 
magnets, as well as the actuating means comprises co 
axial permanent magnet. 
FIG. 8 illustrates a specific tactile force-displacement 

characteristic of one type of key mechanism utilizing 
the principles of co-axial permanent magnets described 

nate represents force applied to the plunger assembly 
via button 13 of the key mechanism of FIG. 2, for ex 
ample, while the abscissa represents displacement of 
the plunger assembly. Curve 70 represents the force 
displacement curve of the biasing means only while 
curves 71 and 72 represent the total tactile force dis 
placement of the key mechanism. With reference to the 
sequence drawing 7a, FIG.8 shows that at the unde 
pressed position the upward force on the key mecha. 
nism exceeds 40 grams of which approximately 19 
grams is supplied by the biasing means. As the plunger 
assembly is depressed, (as shown in FIGS. 7b and 7c,) 
the net force on the plunger assembly increases slightly 
upward until it reaches the critical set position point 73 
on curve 71. Under these circumstances the rate of in 
crease in force due to the bias means dominates the re 
ciprocal force rate due to the actuator magnet interac 
tion. Point 73 represents the physical displacement 
where the magnetic center lines 37 and 38 of actuator 
magnets 27 and 28, respectively, coincide, as shown in 
FIG. 7c. At the set point 73 on curve 71 the tactile 
force, reflected to the operator's finger, decreases rap 
idly as permanent magnet 28 and cup 30 switch posi 
tions to its upper limit, as shown in FIG. 7d. Further de 
pression of the plunger assembly as shown in FIG. 7e 
occurs at a force level illustrated by curve 72 to the 
right of point 74. 
Having displaced the plunger assembly to its maxi 

mum downward displacement, the operator releases 
the pressure and the plunger assembly under force sup 
plied by the biasing magnets 19 and 20 moves up 
wardly. As shown in FIG. 7f, the operator experiences 
a slightly decreasing force as shown by curves 72 mov 
ing in the direction to the left of point 74. When the 
plunger assembly has moved to the position where the 
magnetic center lines 37 and 38 of the actuator mag 
nets 27 and 28 again virtually coincide, as shown in 
FIG.7g, the tactile force has a magnitude substantially 
as represented by reset point 75 on curve 72. Again, at 
this reset point which represents the instability position 
for magnets 27 and 28, magnet 28 will with cup 30 
move rapidly downward, as shown in FIG. 7h. The tac 
tile force experienced by the operator will rapidly in 
crease, as shown by point 76 on curve 71. Further re 
lease of the plunger assembly to the point where it ar 
rives at its upper limit position will cause the tactile 
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force to decrease slightly to the rest position along 
curve 71. 
FIG. 9 shows a tactile force displacement curve in 

which the force-displacement characteristic of the bias 
ing means is linear and the force-displacement charac 
teristic of the actuator magnet is inversely linear. Curve 
80 is the force displacement curve for the biasing 
means. Curves 81 and 82 are the composite tactile 
force displacement curves for the plunger assembly of 
the key mechanism which includes the force from the 
biasing means. Set point 83 and reset point 85 are the 
critical positions for the actuator magnets at which 
snap action occurs to either decrease the tactile force 
level or to increase it, depending on whether the 
plunger assembly is being depressed or released. It is to 
be noted that between points 86 and 83 on curve 81 
and between points 84 and 85 on curve 82 that the tac 
tile force is substantially flat over the displacement 
range of approximately 60 mils. This indicates that the 
repulsion forces between the actuator magnets 27 and 
28 are decreasing on a force displacement curve of 
FIG. 6 at substantially the same rate that the force is in 
creasing from the displacement of the biasing means. 
Thus, the key mechanism operator experiences a sub 
stantially uniform tactile force from the key mechanism 
during its reciprocal operation, both in the depression 
and release operations while providing for a tactile 
force level during depression which is higher than the 
force level during the release motion. 
FIG. 10 shows a tactile force displacement curve for 

a key mechanism in which the force displacement char. 
acteristics of the biasing means, as represented by 
curve 90, increases in a linear manner on depression at 
a lower rate than the decrease in the force displace 
ment characteristics of the actuator magnets. The re 
sult is represented by curve 91, for depressions of the 
plunger assembly up to the critical set point 93. Con 
versely, release curve 92 shows that the force displace 
ment of the biasing means decreases at a lesser rate 
than the force displacement of the actuator magnets up 
to the critical rest point 95 when reset snap action oc 
curs. It is to be noted that the tactile force characteris 
tic of the mechanism during depression to the point 93, 
is actually decreasing. This means that the operator, 
when depressing the key from initial force level, applies 
a decreasing force to operate the key mechanism over 
a displacement range in the neighborhood of 60 mils. 
An abrupt decrease in force is experienced by the oper 
ator when the set snap action occurs, point 93. Con 
versely, on release the operator experiences a gradually 
increasing force during the release of the plunger as 

10 Thickness=240 mils 
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sembly up to critical reset point 95, whereupon a very 
substantial increase occurs to the level shown by point 
96 on curve 91. 
Thus, it will be seen that key mechanisms and mag 

netic actuator devices therefore have been provided in 
which tactile force properties can be selectively con 
trolled by matching force-displacement characteristics 
of biasing means and actuator magnet means prefera 
bly using co-axial biasing magnets to produce unique 
key mechanism force tactile displacement properties 
not previously obtainable. 

FIG. 8 . 
Magnct 46 Magnet 49 

A-Plastiform H alterial=Plastiform - 
Diam.s300 mils Inside Diam. =3.90 mils 
Thickness=240 mils Outside Diam. F600 mills 
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12 
Thickness-20 mils 

Biasing Means Weight Factors 
Material=Spring Key Stem=6 g. 
Non-depressed Force=25 g. Cup 2.2g. 
Spring Rate-0.394 g/mil 

F.G. 10 

Magnet 46 Magnet 49 
Materia=Plastiform l-H Material=Plastiform l-H 
Diam. 300 mills Inside Diana.05 mils 

Outside Diam, F600 mils 
Thickness=120 mils 

Biasing Means 
Material Spring Weight Factors 

Key Stem=6.0 g. Non-depressed Force-25 g. Cup 2.2g. 
Spring Rate=0.210 g/mil 

FIG. 9 
Magnet 46 Magnet 49 

Material=Plastiform 1-H Material=Plastiform - 
Diam.s300 mills Inside Diam. F435 mils 
Thickness=240 mils Outside Diam. =600 mils 

Thicknesset 20 mils 

Biasing Means Weight Factor 
Material=Spring Key Stem=6.0 g. 
Non-depressed Force=26 g. Cup=2.2 g. 
Spring Rate=0.228 g/mil 

While the invention has been particularly shown and 
described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and de 
tails may be made therein without departing from the 
spirit and scope of the invention. 
We claim: 
1. A key mechanism comprising in combination 
a stationary housing of non-magnetic material, 
an operator member guided by said housing for re 
ciprocal motion along an axis, 

means for biasing said operator member along said 
aXIS, ... 

an actuator member of non-magnetic material guided 
for reciprocal motion by said housing co-axially 
relative to said operator member, 

means carried by said actuator for performing a 
switch operation or the like, 

means for imparting a bidirectional snap action mo 
tion to said actuator member upon reciprocal dis 
placement of said operator member and compris 
ing 

a first actuator permanent magnet carried by said op 
erator member, 

a second actuator permanent magnet surrounding 
and co-axial with said first actuator magnet and 
carried by said actuator member, 

said actuator magnets being magnetized parallel with 
their common axis and in the same polar direction, 

and means associated with said housing for limiting 
the relative translational positions of said operator 
and actuator members and said actuator magnets 
movable therewith, 

said biasing means comprising a pair of co-axial per 
manent magnets mounted on said housing and said 
operator member respectively, 

said biasing magnets being magnetized mutually par 
allel and in opposite polar directions. 

2. A key mechanism in accordance with claim 1 in 
which said biasing magnets have a linear force 
displacement characteristic. 
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3. A key mechanism in accordance with claim 1 in 

which said biasing magnets and said first and second 
actuator magnets have equal and opposite force 
displacement characteristics whereby the tactile force 
displacement characteristic on said push actuator is 
substantially uniform throughout the range of displace 
ment thereof. - 

4. A key mechanism in accordance with claim 3 in 
which said thickness ratio of said biasing magnets and 
of said actuator magnets is substantially equal to 2.0. 

5. In a key mechanism or the like, an operating mech 
anism comprising in combination 
a pair of operator members, 
said members being relatively reciprocally movable 

parallel to a common axis, 
means for exerting a bias force on said members par 

allel to said axis comprising 
a first permanent magnet attached to one of said 
members, 

a second permanent magnet attached to the other of 
said members and surrounding said first magnet, 

said magnets being magnetized in a direction parallel 
with said axis and in opposite polar directions, 

and means for performing a switch operation or the 
like comprising 

third and fourth co-axial actuator magnets longitudi 
nally displaced from said bias magnets, 

one of said actuator magnets being movable with one 
of said bias magnets and the other of said magnets 
being independently movable relative to both of 
said operator members and its associated actuator 
magnet, 

said actuator magnets being magnetized in parallel 
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14 
with a common axis and in the same polar direction 
whereby a magnetic repulsion force exists between 
said actuator magnets operable for producing snap 
action displacement of said independently movable 
actuator magnet upon displacement of its related 
actuator magnet conjointly with a corresponding 
operator member. 

6. In a key mechanism or the like, an operating mech 
anism in accordance with claim 5 in which 

said bias magnets have a unidirectional linear force 
displacement characteristic, 

and said actuator magnets have a force-displacement 
characteristic preselected to match the force 
displacement characteristic of said biasing magnets 
whereby a preselected tactile force-displacement 
characteristic is obtainable for said operating mem 
bers. 

7. In a key mechanism or the like, an operating mech 
anism in accordance with claim 6 in which 
said force-displacement characteristic of said actua 

tor magnets is inversely linear over at least a por 
tion of the range of displacement of said actuator 
magnets. 

8. In a key mechanism or the like, an operating mech 
anism in accordance with claim 7 in which 
said inversely linear force-displacement characteris 

tic of said actuator magnets is substantially equal in 
magnitude to said linear force-displacement char 
acteristic of said bias magnets whereby a substan 
tially uniform tactile force-displacement character 
istic is provided to said operator members. 

Xk k k k >k 


