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Our invention relates to motors for electric
shavers or other small portable tools, and it has
particular relation to the type of motor having an
unwound bipolar rotor member and a bipolar field
member which is energized by a magnetizing coil
which is connected in serles with a make-and-
break contact mechanism actuated by the rotor-
shaft. )

An object of our invention is to provide im-

provements in the electrical contact mechanism
for such motors; including improvements in the
contact-spring supporting-members designed to
provide precise adjustment of both the timing
and the contact pressure; a contact mechanism
in which all pivots have been eliminated, thus
avoiding frictional wear and eventual misaligh-
ment of the contact points; an improved shape of
cam-contour for actuating the resilient contact-
arms of the contact mechanism; -the utilization
of a contact-assembly the major portions of
which are all made of the same metal, thereby
avoiding bimetallic effects which might otherwise
be caused by heating and cooling; the utilization
of an improved cam-engaging follower of grease-
impregnated insulating material of substantially
uniform thickness; the utilization of light-weight,
relatively non-flexible channel stiffening portions
or braces for preventing flexure of the resilient
contact-arms between the intermediate eam-en-
gaging portions and the contact-carrying tips,
thus producing the desirable sharp make and
break of the contact-points, while utilizing ex-
tremely light moving parts, admitting of the use
of relatively low spring-pressures; and the utiliza-
tion of a metal contact-arm construction in which

the intermediate portion, which comes closest to-

the shaft, i1s of reduced width, to Increase the

electrical creepage-distance to the shaft, pre-

venting danger of shock to the user.

A further object of our invention is te provide
an improved two-part insulating-spool construc-
tion, mounted on a cross-arm of the magnetizable

' core member, for providing a form on which the

45

50

stator coil is wound, said spool-assembly prefer-

ably having a wedge-means for tightening the
- same on the core, in & novel manner. :

A further object of our invention is to provide

a thin flexible insulating guard which is caused to

assume & bowed shape, thus extending its rigidity.

A further object of our invention is to provide

. & small portable electrical tool comprising a thin

-1

casing adapted to be held in the hand of the
operator, and of such thin construction that it is
susceptible of slight warping under normal condi-
tions of use, in combination with a small flat elec-

tric motor which is disposed within the casing aia

-made of such thin magnetizable lJaminations that .

it is susceptible of a damaging amount of warp-
ing if subjected to any material warping forces,
and novel mounting-means, for this type of in-
strument, comprising, in effect, a three-point
motor-mounting, so as to avoid the transmission
of warping forces to the motor-frame,

A further object of our invention is to provide
a novel bearing and bearing-finishing means con-
sisting of two bearing members supported in per-
forations in two stator-frame cross-pieces, with

- restraining means for holding each bearing mem-

ber to its associated cross-piecer with restraint
against both rotary and axial movement, said re-
straining means includling a, knurled outside sur-
face and a tight fit of each bearing member in
its perforation, the two bearings being finished
by’ a line-reaming operation, so as to make it
possible to maintain a very small bearing-clear-
ance between the bearing members and the rotor-
shaft. This construction is desirable because the
motor is utilized with an eccentric drive which
tends to make the shaft rattle excessively, mak-
ing the motor very noisy if there is any possibility
of translational shaft-movement. ‘This construc-
tion is further desirable betause any movement
of the shaft reduces theeffectiveness of the motor,
‘both by reducing the amount of travel of the
eccentric and also, in general, by interfering with
the proper movement of the contact mechanism.

With the foregoing and other objects in view,
our invention consists in the structures, combina-
tions and methods hereinafter described and
claimed, and illustrated in the accompanying
drawing, wherein . : ‘

Figure 1 is a full-scale plan view of an electric

_ shaver embodying our invention, with the top of

the casing removed to show the interior con-
struction. o

Fig. 2 is a similar view of the bottom portion of
the casing, with the motor removed so as to show
the motor-mounting ledges. .

-Fig. 3 is a side view of the motor, with the
shaver-casing indicated in cross section.

Fig. 4 is an enlarged diagrammatic detailed
view of the stator- and rotor-laminations,

Fig. 5 is a very much enlarged view showing
the surface of the special cam member for actu-
-ating the contact mechanism. . '

Figs. 6 and 7 are enlarged side and front views
of & spring contact-arm utilized in the contact
mechanism.

-Figs. 8 and 9 are enlarged side and front views

10

15

20

25

30

35

40

45

50

56



10

15

20

25

30

35

40

45

50

&85

60

70

18

2

of a channeled brace member utilized with the
contact-arms.

Figs. 10 and 11 are enlarged side and front
views of the stator frame in the condition it as-
sumes when it is ready for the winding operation.

Pig. 12 is an enlarged detail view of one of the
bearing members, partly in elevation and partly
in section; and

Fig. 13 is an enlarged sectional view through
one of the stator-frame cross-pieces, showing the
bearing member assembled therewith,

Our invention, is particularly designed for, and
is illustrated as being embodied in, an electric
shaver comprising a light-weight main casing-
portion | and a light-weight casing-top 2 (Fig.
3). The casing member is of such elongated
shape and small size as to be readily held in the
hand of thé operator, and it is made of insulat-
ing material which is susceptible of warping from
internal stresses, or when any material external
warping-pressures are applied thereto, as when
the operator grips the casing very hard.

Disposed within the casing is an electric motor
made in accordance with our invention. The
motor has a stator member comprising a flat
laminated magnetizable core member 3 made up
of a plurality of thin iron laminations.

‘As shown in Fig. 2, the casing-portion { is
provided with motor-supporting ledges or seats
4 and 4’ comprising, in effect, a three-point sup-
port for the stator-core 3 of the motor. Thus, in
the particular form illustrated, the right-hand
seat or bedding-surface & for the motor is of a
restricted area which may be as small as desired,
in order to approximate the effect of a single-
point support, whereas the left-hand seat or
bedding-surface 4’ is of an area having a consid-
erable longitudinal extent in the direction of the
long axis of the motor, or the left-hand seat #’
may have any other configuration which ap-
proximates, as closely as may be desired a two-~
point support or two longitudinally separated
supporting-points for the motor-core 3.

As shown more in detail in Fig. 4, the mag-
netizable core member 3 comprises & cross-arm
5, and two end-portions § at approximately right
angles thereto, each end-portion terminating in
a pole-face member 1, thus providing a bipolar
fleld-construction. '

As shown in Figs. 10 and 11, the cross-arm §
of the magnetizable core member is embraced by
& two-part insulating spool made up of the two
parts 8 and 9 for ready assembly. The spool
8—8, when assembled, comprises a hollow insu-
lating core 11 surrounding the cross-arm 8§, and
a plurality of insulating flanges i2 extending out
from the core II,

The magnetizable core member 3 of the motor
is energized by a coil {3 (Fig. 1) which is wound
upon the insulating spool 8—83. 1In the particular
form of embodiment shown in the drawing, the
spool 8—9, has three flanges 12, so that the coil
13 is wound in two halves or parts, the two
parts operating together to constitute, in effect,
a single coil, so far as the magnetization of the
magnetizable core member is concerned.

In accordance with our invention, the as-
sembled insulating spool 8—9 1is preferably
tightened on the cross-arm § by two wedges
1§ and 18, one on each side of the magnetizable
core member 4, as shown in Fig. 11, one of the
wedges 18 being also visible in Fig. 3. Preferably,
these wedges extend across and break between
the two parts 8 and 8 of the insulating spool.

As shown in Fig. 3, the stator member of our
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motor is completed by means of two cross-pieces
iT and I8 joining the two pole-face members 7
across the opposite sides thereof. At least one of
these cross-pieces 1T and I8, and preferably
both of them, are made of insulating material.
As shown in Fig. 13, each cross-piece 1T or 18 is
provided with a perforation 19 in which is located
a bearing member 20, the two bearing members,
on opposite sides of the stator member, being ac-
curately aligned to journal a shaft 21 which
carries a bipolar rotor member 22 made of lami-
nated material similar to the magnetizable stator
core 4, but preferably comprising thinner lami-
nations than the stator core, in order to obtain
minimum losses due to eddy currents.

Preferably, also, all laminations, boih stator
and rotor, are annealed in order to reduce mag-
netic retentivity and hysteresis effects, thereby
reducing a tendency for the motor to lock-in at
synchronous speed.

Both ends of the shaft 21 project out beyond
the stator member of the motor. As shown in

‘PFig. 3, one shaft-end is provided with an ec-

centric 23, and beyond that, a knurled knob 24,
which is accessible through a slit 25 in the bottom
of the casing I, so that the motor may be started
by a flip of the forefinger. 'The eccentric 23 is
engaged by a forked reciprocating member 26
which is pivoted at 21 in the casing | for actuat-
ing a shaver cutter 28 or other tool.

The other shaft-end, as shown in Fig. 1, is pro-
vided with a cam 28, which is embraced by a pair
of resilient contact-arms 3! of our improved
electrical contact mechanism. - The two contact-
arms extend longitudinally of the motor and
casing, and terminate, at their ends which are
furthest removed from the coil 13, in two con-
tact-tips 33 which are normally in contact with
each other. The intermediate portions of the
two contact-arms 31 are faced with cam-engaging
stiffening-members or cam-followers 35 which
are substantially parallel to each other, and
which are periodically pushed apart by the raised
portions 37 of the cam 29, during the rotation of
the shaft. .

It is essential that the two cam-engaging mem-
bers-3% shall maintain accurately aligned cam-
engaging surfaces which do not warp due to
variations in humidity and which will insulate
the contact-arms 3§ from the cam 29. They must
maintain a low value of friction and a low rate
of wear during a reasonable life of the device.
After considerable experimentation we have
found that a suitable material for these cam-
engaging members 35 is a grease-impregnated
molded phenolic insulating plate incorporating
powdered mica and having a high resin-content.
The plates are ground on both sides to hold
the thickness within close limits. These insulat-
ing members 35 for engaging the cam 29 are
secured to the intermediate portions of the re-
silient contact-arms 3f and aid in preventing
flexure of the arms at these intermediate por-
tions.

The other ends of the resilient contact-arms
31 are secured, in permanent alignment, at sup-
porting-points 38, to supporting members 39 dis-
posed outside of the pair of resilient contact-
arms 3i, as shown in Fig. 1. Each supporting
member 39 comprises & main arm-portion 44, one
end of which terminates in a fixed supporting-

‘portion 42 which may be a bent end of the arm-

portion 4f, the same being secured to the in-
sulating cross-piece 18, as by means of headed
fastening measans, such as rivets 43 (Fig. 1) ex-
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tending through the fixed supporting-portion
42 and also through said insulating cross-piece
18. The arm-portion 41 of each supporting
member 39 terminates in a free end-portion
which is connected, at the supporting points 38,
to the end of its associated contact-arm 3f.
The supporting members 39 are made of rela-
tively heavy-gauge material, preferably having a
slightly bent surface or even a pronounced chan-
nel section, which is stifiy bendable for adjust-
ment-purposes. It is quite desirable to be able
to make two different adjustments of the contact
mechanism. One adjustment is for the purpose
of securing a substantial parallelism between the
two cam-engaging portions 35, or to adjust the

_ relative angle between these cam-engaging por-
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tions, so as to adjust the timing of the points
on the cam 29, where the contact-tips 33 are
pushed apart or brought together again. This
adjustment is accomplished by adjusting the
supporting points 38 toward and away from each
other, .or toward and awsy from the plane of
the shaft 2{, by bending the supporting members
38 at a pomt at, or close to, the supporting-
portions 42 thereof.

A second adjustment which is needed on the
is an adjustment of the
spring-pressure with which the cam-engaging
portions 35 are pressed toward each other. This
adjustment is made by bending the free ends 38
of the supporting-members 39, so that these ends
extend at an angle to the main arm-portions 41
thereof. This bend puts the spring material of
the contact-arms 31 under deformation and
causes the main arm-portions 41 of the support~
ing members to be disposed at a slight angle with
respect to the main portions of the resilient con-
tact-arms 31, respectively.

It will thus be seen that the resilient contact-
arms 31 are flexible at points close to their sup-
porting-points 38, or between said supporting
points and the intermediate cam-engaging por-
tions 35. The resilient portions of the contact-
arms 31i, besides' performing the necessary func-
tion of pressing the contact arms toward the
cam 29, also effectively reduce the transmission
of the vibration and noise produced by the en-
gagement of the contacts 33.

It is desirable that the resilient contact-arms

31 be braced against flexure at their other ends,

that is, between the intermediate cam-engaging
portions 35 and the contact-tips 33. Without
some sort of bracing, the spring would flex be-
tween the cam and the contact-point, and would
produce a gradual change of contact-pressure
between the contact-points 33, instead of the
sharp make and break required for high-speed
operation. In accordance with our invention,
we brace the resilient contact-arms 31 by means
of light-weight channeled braces 45, as shown in
Figs. 1, 8 and 9. The channeled cross-section of
these braces stiffens them without requiring an
excessive mass, thus keeping the moving parts
extremely light, which is an- advantage in per-
mitting the use of relatively low spring-pressures.

The exact contour of the cam 28 is important,
and on this account, we have shown an enlarged
view of the cam-surface in Fig. 5 of the drawing.
By careful design of the cam-contour, it is pos-

sible to provide a controlled acceleration of the -

contact-tips 33, and to reduce the impact-noise
of the contacts to a minimum, while, at the same
time, minimizing the amount of shift in timing
which is caused by wear of the cam-followers 35.

The cam 29 is of & modified elliptical shape

3

comprising two substantially diametrically oppo-
site raised portions 37 corresponding to the major
axis 47 of the cam. The cam has a minor axis
48 at right angles to the major axis 41. In the
regions of the major and minor axes of the modi-
fled elliptical surface of the cam 29, the cam-
surfaces are substantially cylindrical surface-por-
tions. Intermediate surface-portions 51 of the
cam have an approximately constant rate of in-
crement or decrement of the radial height or lift
of the cam, per circumferential degree, said con-
stant rate being the maximum rate of increment
or decrement obtained anywhere on the cam-
surface. These constant-rate intermediate por-
tions 51 extend over a material part of the cam-
surface, including portions both before and after
each make-point or break-point where contact
is made or broken between the cam and the con-
tact-arms 31. At the make-points 52, where the
cam first makes contact with the cam-followers
35, the electrical contacts 33 are broken, and at
the break-points 33, where the cam-surface
breaks away from the cam-followers 35, the elec-
trical contacts 33 come together so that the elec-
trical contact is made. . In addition to the fore-
going portions, the cam 29 also has transitional
surface-portions 54 making a smooth-curve junc-
ture between said cylindrical and intermediate
surface-portions.

The result of the above-described cam-struc-
ture is that the cam 28 has predetermined rates
of increment and decrement of the radial height
or lift thereof, per circumferential degree, in the
vicinity 51 where the cam makes and breaks con-
tact with the contact-arms 31 at 52 and 53, re-
spectively. These predetermined rates of incre-

10
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ment and decrement in the lift of the cam are -

sufficiently low to avoid excessive impact-noise
when the electrical contact-tips 33 come together
and when the cam 28 strikes against the cam-
followers 35. Said predetermined rates of in-
crement or decrement in the lift of the cam are
also sufficiently low to avoid excessive jumping
or chattering, and yet these rates are sufficiently
high so that & reasonable wear of the contact-

~surfaces of the cam-followers 35 does not pro-

duce a material shift in the circumferential phase
or angle of the make-point or break-point.

‘In the particular design illustrated on the
drawing, the electrical contacts 33 are made 4%7°
after the rotor-poles have moved past their posi-
tion of alignment with the stator poles, and the
electrical contacts are broken 21° before said
alignment, as indicated by the position of the
rotor center-line §8% in Fig. 5, although it will be
understood that we are not limited to these pre-
cise relationships. Also, in the particular design
illustrated, the eccentric 23 of the reciprocating
mechanism is in its intermediate position when
the minor axis 48 of the cam is presented to the
cam-followers 39, although here again we are
not limited to this precise construction.

Our entire contact assembly, including the
contact-arms 81 and their respective supporting
members 39, are made altogether of the same
metal, with the exception of the contaci-tips 33
and the cam-followers 35. The differences in

40
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resiliency and stiffness are obtained by utilizing -

lighter-gauge material for-the resilient contact-
arms 31 and heavier-gauge material for the sup-
porting members 39, either with or without some
channeling. In this way, we avoid bimetallic ef-
fects which might otherwise be caused by heating
and cooling. We prefer to use cadmium-plated
steel for these parts.
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The spring contact-arms, 31 and the spring-
braces 45, as llustrated in detall in Figs. 7 and 9,
are provided with reduced-width portions 57 and
88 where these parts come closest to the shaft,
referring to a reduction in width as measured
In a direction parallel to the direction of the
shaft. This reduction in width greatly increases
the electrical creepage-distance to ground or to
the metal frame-portions including the shaft 21
and the cam 29, :

It will be observed that our electrical contact

mechanism maintains, at all times, an accurate

alignment of the contact-tips 33, precluding all
possibility of these tips getting out of accurate
alignment with each other, while providing for
very accurate adjustment of both the timing (or
parallelism of the cam-followers 39), and the
spring contact-pressure (or bending of the sup-
porting points 38 of the spring contact-arms 31).
The contact mechanism, furthermore, requires no
plvots which will cause friction-wear and eventu-
ally misalignment of the points or contact-tips 33.

According to one form of embodiment of our
invention, as shown in Figs. 1 and 3, the danger
of electrical leakage or a short-circuit between
the contact mechanism and the ground or frame
of the motor is further reduced by the provision
of a thin flexible insulating guard or barrier 69,
disposed between the insulating cross-piece 18
and the pole-face members 1. In the illustrated
form of our invention, this insulating guard 59
has an extending portion 61, as shown in Pigs. 1
and 3, disposed between the rotor member 22
and the contact-ends of the contact-arms 8I.
This insulating guard or barrier 59 iz made of
thin flexible sheet-insulating material, and, in the
embodiment shown in the drawing, the heads of
the rivets 43 (Fig. 1) cause sald guard to assume
a bowed or concave shape, thereby increasing the
rigidity of the extending portions Bi.

A detail of the bearing-construction is illus-
trated in Figs. 12 and 13, from which it will be
seen that the outside cylindrical surface 63 of
each bearing member 20 is knurled, as indicated
in Fig. 12. As shown in Pig. 13, this knurled sur-
face'is pressed tightly into the perforation 19 in
the bearing-supporting cross-piece IT or 18, as
the case may be, thus restraining the bearing
member against rotary movement in said perfo-
ration. In order to restrain the bearing member
agalnst axial movement or displacement, the end
of the bearing member is spun over, as indicated
at 64, so that the bearing member is accurately
held in place by a shoulder 85, at one end, and
the spun portion 64, at the other end.

The particular type of bearing-construction

Just described was developed to make it possible

to utilize a line-reaming operation for accurately
adjusting and aligning the bores of the two bear-
ing members 20 on the opposite sides of the
frame-member of the motor, as this operation
requires that the bearing members shall be very
accurately held and restralned against both ro-
tary and axial movement, during the process.
This accurate reaming-operation is very desir-
able, In order to keep the bearing-clearance, be-
tween the bearing members 20 and the shaft 21,
a8 low as possible without setting up appreciable
bearing friction. If the bearing-clearance were

-large, the eccentric drive 23—26 would make the

shaft rattle excessively, and the motor would be

- quite noisy. If the bearing clearance were large,
the resulting shaft-movement would also reduce
the travel of the eccentric 23 and might also in-
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terfere with the proper relation between the cam
29 and the spring contact-arms 31,

The electrical connections for our motor are
such that the spring contact-mechanism, includ-
ing the contact-tips 33 and the spring contact-
arms 31, are connected in series-circuit relation
to the coll 13. In the particular embodiment of
our invention shown in the drawing, the contact
mechanism is connected between the two halves
of the coll 13, the connection being completed by
means of leads or electrical connectors 66 con-
nected to the supporting points 38 of the con-
tact-arms 31. While this intermediate connec-
tion of the contact mechanism is not essential, it
has advantages in reducing the voltage existing
between the contact mechanism and the ground
or frame of the motor., Sparking at the contact-
tips 33 is reduced by the use of a capacitor 87
(Fig. 3) which is connected between the two sup-
porting points 38 of the contact-arms 31i.

Our motor is particularly designed for electric
shavers. It operates on either alternating or di-
rect current, and when operating on alternating
current, its speed of operation has nothing to do
with the frequency of the alternations, or what

20

25

is commonly understood as the synchronous

speed of a two-pole motor. Thus, on a 60-cycle

. system, the maximum synchronousg two-pole mo-

tor speed Is 3600 revolutions per minute, the
speed being determined by the timings of the
magnetic impulses as determined by the alterna-
tions in the current. In our motor, the timings
of the magnetic impulses are quite independent
of the alternations of the electric current, and
are determined solely by the electrical contact-
mechanism which, in turn, is automatically ad-
Justed by the speed of the shaft itself. An es-
sential feature of our motor is that it shall oper-
ate at a speed much higher than the synchronous
60-cycle speed, as the higher speed not only in-
creases the output obtainable from a motor of
such small and definitely limited size, but it also
materially reduces the time required for shaving.
We obtain speeds as high as 6,500 and 8,000 rey-
olutions per minute, and we set a lower limit of
6,500 revolutions per minute as the lowest speed
which will be regarded as acceptable for the mo-
tor. It will be obvious that, at such speeds, the
precautions which we have taken with the elec-
trical contact-mechanism and with the bearings
are very important.

While we have described our invention in a
single preferred form of embodiment, it will be
obvious that we are not limited to all. of the i1-

" lustrative details of design, and that various

modifications and adaptations may be made
without departing from the essential spirit of our
Invention. We desire, therefore, that the ap-
pended claims shall be accorded the broadest
construction consistent with their language and
the prior art. . )

We claim as our invention: .

1. A machine comprising a frame member, a
shaft rotatably mounted therein, a cam means on
the shaft, and an electrical contact mechanism
comprising & pair of resillent contact-arms dis-
posed on opposite sides of said cam means, and a
pair of supporting members disposed outside of
sald palr of resilient contact-arms for respec-
tively supporting the latter, said contact-arms
having normally engaged contacts at a first end
thereof and having intermediate portions adapted
to be periodically engaged by said cam means to
periodically separate said contacts during the ro-
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. tation of said shaft, said cam means having ap-

proximately diametrically opposite raised-sur-

faces, each supporting member comprising a

main arm-portion, a fixed supporting portion at
one end secured to said frame member, and a free
end-portion at the other end secured to & second
end of its associated contact-arm, said main
arm-portion being disposed at a small angle with
respect to its associated contact-arm, each sup-
porting member being stiffly bendable, to adjust-
able angular positions toward and away from its
associated contact-arm, at & point at, or close to,
said supporting-portion to adjust the position of
said free end-portion relatively to the shaft, said
free end-portion of each supporting member be-
ing stiffly bendable to adjustable angular- posi-
tions relative to said main arm-portion to adjust
the anguler inclination of said second end of said
associated contact-arm relatively to said shaft
and cam means.

2. A machine comprising a frame member, &

shaft rotatably mounted therein, a cam means on
the shaft, and an electrical contact mechanism
comprising a resilient contaci-arm disposed in
operative relation to said cam means, and a sup-
porting member disposed at the side of said con-
tact-arm opposite to said cam means, said sup-
porting member comprising 8 main arm-portion,
a fixed supporting-portion at one end secured to
said frame member, and a free end-portion at the
other end secured to one end of said contact-arm;
said main arm-portion being disposed at a small
angle with respect to said contact-arm, said sup-
porting member being stifly bendable, to ad-
justable angular positions toward and away from
said contact-arm, at a point at, or close to, said
supporting-portion to adjust the position of said

-free end-portion relatively to the shaft, said free
end-portion of said supporting member being

stifly bendable to adjustable angular positions
relative to said main arm-portion to adjust the
angular inclination of sald end of said contact-
arm relatively to said shaft and cam means, said
contact-arm having a contact portion at its
other end and having an intermediate cam-en-
gaging portion. :

3. A machine comprising a rotatable shaft, a
cam on the shaft, and an electrical contact-

mechanism comprising a  pair of resiliently.

pressed contact-arms disposed on opposite sides
of said cam, said contact-arms having normally
engaged contacts at one end thereof and having
intermediate portions adapted to be periodically
engaged by said cam to periodically separate said
contacts during the rotation of said shaft, said
cam having approximately diametrically opposite
raised surfaces, the cam-contour being smooth
curves having predetermined rates of increment
and decrement of the radial height or lifi of the
cam, per circumferential degree, in the vicinities
where the cam makes and breaks contact with the

contact-arms, said predetermined rates being.

sufficiently low to avold excessive impact-noise
and to avoid excessive jumping or chattering,
and being sufficiently high so that a reasonable
wear of the contacting surfaces does not produce
a material shift in the circumferential phase or
angle of the make-point or break-point.

" 4. A machine comprising a rotatable shaft, a
cam on the shaft, and an electrical contact-
mechanism comprising a pair of. resiliently
pressed contact-arms disposed on opposite sides
of said cam, said contact-arms having normally
engaged contacts at one end thereof and having
intermediate portions adapted to be periodically

5

engaged by sald cam to periodically separate
said contacts during the rotation of said shaft,
said cam being of g modifled elliptical shape
characterized by substantially cylindrical sur-
Tace-portions in the regions of the major and
minor axes of the ellipse, intermediate surface-
portions having an approximately constant rate
of increment or decrement of the radial height,
or lift of the cam, per circumferential degree,
said constant rate being the maximum rate of in-
crement or decrement obtaining anywhere on
the cam-surface, said constant-rate intermediate
portions extending over a material part of the
cam-surface including portions both before and
after each make-point or break-point where con-
tact is made or broken hetween the cam and the
contact-arm, and transitional surface-portions
making a smooth-curve juncture with said cylin-
drical and intermediate surface-portions.

5. A machine comprising a frame member, g
shaft rotatably mounted therein, a cam means on

15

20

the shaft, and an electrical contact mechanism .

comprising a pair of relatively thin-gauge con-
tact-arms disposed on opposite sides of said cam
means, and a pair of relatively thick-gauge sup-
porting members disposed outside of said pair of
contact-arms for respectively supporting the lat-
ter, said contact-arms having normally engaged
contacts at a first end thereof and having inter-
mediate portions adapted to be periodically en-
gaged by said cam means to periodically separate
sald contacts during the rotation of said shaft,
said cam means having approximately diametri-
cally opposite raised surfaces, each supporting
member comprising a main arm-portion, a fixed
supporting-portion at one end secured to said
frame member, and a free end-portion at the
other end secured to a second end of its asso-
ciated contact-arm, said main arm-portion be-
ing disposed at a small angle with respect to its
associated contact-arm, each supporting mem-
ber being stifly bendable, to adjustable angular
positions toward and away from its associated
contact-arm, at @ point at, or close to, said sup-
porting-portion to adjust the position of said free
end-portion relatively to the shaft, said free end-
portion of each supporting member being stiffly
bendable to adjustable angular positions relative
to said main arm-portion to adjust the angular
inclination of said second end of said associated
contact-arm relatively to said shaft and cam
means, the main portions of each supporting
member being of substantially the same metal
as the main portions of its associated contact-
arm, and the difference in gauges or thickness
being sufficient to cause said contact-arm to
have resilience at a point between said second
end and said intermediate cam-engaging portion.

6. A machine comprising a frame member, a
shaft rotatably mounted therein, a cam means
on the shaft, and an electrical contact mecha-
nism comprising a relatively thin-gauge contact-
arm disposed in operative relation to said cam

‘means, and a relatively thick-gauge supporting

member disposed at the side of said contact-arm
opposite to said cam means, said supporting
member comprising & main arm-portion, a fixed
supporting-portion at one end secured to sald
frame member, and a free end-portion at the

. other end secured to one end of said contact-arm,

said main arm-portion being disposed at a small
angle with respect to said contact-arm, said sup-

porting member being stifily bendable, to adjust--

able angular positions toward and away from
said_ contact-arm, at e point at, or close to,
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said supporting-portion to adjust the position of
said free end-portion relatively to the shaft, said
free end-portion of said supporting member be-
ing stiffly bendable to adjustable angular posi-
tions relative to said main arm-portion to adjust
the angular inclination of said end of said con-
tact-arm relatively to sald shaft and cam means,
said contact arm having a contact portion at its
other end and having an intermediate cam-en-
gaging portion, the main portions of said sup-
porting member being of substantially the same
metal as the main portions of said contact-arm,
and the difference in gauges or thickness being
sufficient to cause sald contact-arm to have re-
sillence at a point between said first-mentioned
end and said intermediate cam-engaging portion.

7. A machine comprising a rotatable shaft, a
cam on the shaft, and an electrical contact-
mechanism comprising a pair of resiliently
pressed contact-arms disposed on opposite sides
of said cam, said contact-arms having normally
engaged contacts at one end thereof and having
intermediate portions adapted to be periodically
engaged by sald cam to periodically separate said
contacts during the rotation of said shaft, said
Intermediate cam-engaging portions being of
grease-impregnated-insulating material of sub-
stantially uniform thickness.

8. The invention as defined in claim 1, char-
acterized by each contact-arm having a light-
weight, relatively non-flexible channeled portion
between its intermediate cam-engaging portion
and its contact end. ‘

9. The invention as defined in claim 2, char-
acterized by said contact-arm having a light-
weight, relatively non-flexible channeled portion
between its intermediate cam-engaging portion
and its contact end,

10. A machine comprising a frame-member, a
metal shaft journaled in an Insulating-material
portion of said frame-member so as to have a
shaft-end extending beyond said portion of the
frame-member, a ¢am means on said shaft-end,
and an electrical contact mechanism comprising
a pair of resillent metal contact-arms disposed
on opposite sides of sald cam means, and a pair
of supporting members disposed outside of said
pair of resilient contact-arms for respectively sup-
porting the latter, said ‘contact-arms having nor-
mally engaged contacts at a first end thereof and
having intermediate portions adapted to be pe-
riodically engaged by said cam means to period-
ically separate sald contacts during the rotation
of said shaft, saiq" intermediate cam-engaging
portion comprising a metal contact-arm portion
of reduced width, as measured in a direction
parallel to the axis of the shaft, for increasing the
electrical creepage-distance to sald shaft near its
journaled portion, and a reinforcing, substantial~
ly non-flexible cam-contacting member of in-
sulating material, said cam’ means having ap-
proximately diametrically opposite raised sur-
faces, each supporting member comprising a main
arm-portion, a.fixed supporting-portion at one
end secured to sald portion of the frame-member,
and a free end-portion at the other end secured
to a second end of its associated contact-arm, said
main arm-portion being disposed at a small angle
with respect to its associated contact-arm, each
supporting member being stifly bendable, to ad-
Justable angular positions toward and away from
its assoclated contact-arm, at & point at, or close
to, said supporting-portion to adjust the position
of gald free end-portion relatively to the shaft,

said free end-portion of each supporting member
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being stiffly bendable to adjustable angular posi-
tions relative {o said main arm-portion to ad-
Just the angular inclination of sald second end
of sald associated contact-arm relatively to said
shaft and cam means.

11. A machine comprising a frame-member, a
metal shaft journaled in an insulating-material
portion of said frame-member so as to have a
shaft-end extending beyond said portion of the
frame-member, 2 cam means on said shaft-end,
and an electrical contact mechanism comprising
a metal contact-arm, means for so mounting said
contact-arm, on said portion of the frame-mem-
ber, that it is resillently pressed toward said cam
means, said contact-arm having a free end carry-
ing an electrical contact portion and having an
intermediate portion, near said cam means, of
reduced width, as measured in a direction parallel
to the axis of the shaft, for increasing the elec-
trical creepage-distance to said shaft near its
Journaled portion, and a reinforcing substantially
non-flexible cam-contacting member of insulating
material secured to said intermediate portion.

12, A machine comprising a frame-member, a
metal shaft journaled in an Insulating-material
portion of said frame-member 5o as to have a
shaft-end extending beyond said portion of the
frame-member, & cam means on said shaft-end,
and an electrical contact mechanism comprising
& metal contact-arm, means for so mounting said
contact-arm, on said portion of the frame-mem-
ber, that it is resiliently pressed toward sald cam
means, said contact-arm having a free end car-
rylng an electrical contact portion and having an
intermediate portion near said cam means, and
a reinforcing, substantially non-flexible cam-
contacting member of substantially uniform-
thickness grease-impregnated insulating material
secured to said Intermediate portion.

13. An electrical apparatus comprising a mag-
netizable core member comprising a cross arm
and two end portions at an angle thereto, a two-
part insulating spool mounted on said cross arfn
and comprising, when assembled, a hollow insu-
lating core surrounding said cross arm, and a plu-
rality of insulating flanges extending out from
said hollow core, a winding wound on said spool,
and wedge-means for tightening the assembled
Spool on the cross arm, said wedge-means com-
prising a member extending across the break in
said two-part spool between the hollow core of the
spool and a side of the cross-arm.

14. An electric motor comprising a laminated
magnetizable core member comprising a cross
arm and two end portions at an angle thereto,
said end portions including pole-face members,
stator-frame cross-pleces joining said pole-face
members across opposite sides thereof, at least
one of said cross-pieces being of insulating ma-
terial, a stator coil disposed on the cross arm of
the magnetizable core member, & rotor member
disposed between said pole face members and
having a shaft journaled in said stator-frame
cross-pieces, sald shaft having a shaft-end ex-
tending beyond said insulating cross-plece, a cam
means on sald shaft-end, an electrical contact
mechanism comprising a pair of resilient metal
contact-arms disposed on opposite sides of said
cam means, and a pair of metal supporting mem-
bers disposed outside of said pair of restlient con-
tact-arms for respectively supporting the latter,
said contact-arms having normally engaged con-
tacts at a first end thereof and having inter-
mediate portions adapted to be periodically en-
gagéd by sald cam means to periodically separate
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said contacts during the rotation of said shaft,
said cam means having approximately diametri-
cally opposite raised surfaces, each supporting
member comprising a main arm-portion, a fixed
supporting-portion at one end, and a free end-
portion at the other end secured to a second end
of its associated contact-arm, headed fastening-
means extending through each of said fixed sup-
porting portions and also through said insulating
cross-piece for securing the supporting members
to said insulating cross-piece, the main arm-por-
tion of each of said supporting members being
disposed at a small angle with respect to its as-
sociated contact-arm, -each supporting member
being stifly bendable, to adjustable angular posi-
tions toward and away from its associated con-

‘tact-arm, at a point at, or close to, said support-

ing-portion to adjust the position of said free end-
portion relatively to the shaft, said free end-por-
tion of each supporting member being stifly bend-
able to adjustable angular positions relative to
said main arm-portion to adjust the angular in-

. clination of said second end of said associated

25

contact-arm relatively to said shaft and cam
means, and electrical connections for including
said contact-arms and their contacts in series-
circuit relation to said stator coil.

15. The invention as defined in claim 14, char-

" acterized by a thin flexible insulating guard dis-

30

posed between said insulating cross-piece and said

7

pole-face members, said guard having an extend-
ing portion disposed between the rotor member
and the contacts of said contact mechanism, the
heads on said fastening-means causing said thin
flexible insulating guard to assume a bowed shape
increasing the rigidity of said extending portion.

16. A small portable electrical tool comprising
a thin, two part elongated casing adapted to be
held in the hand of the operator, said casing heing
susceptible of slight warping in response to in-
ternally or externally applied forces, an electric
motor disposed within said casing, said motor
comprising a flat stator frame member built up of*
thin magnetizable laminations susceptible of a
damaging amount of warping if subjected to any
material warping forces, one part of said two-
part-casing having two internal ledges, one on
each side of the casing-part, one of said ledges
constituting, in effect, a two-point support pro-
viding supporting-points which are separated to
a material extent in the longitudinal direction of
said elongated casing, and the other of said ledges
being of only a slight extent in said longitudinal
direction, and means for securing said motor
within said casing-part so that the edge-portions
of one side of the flat stator frame motor are
held in engagement with said ledges.

JOHN D. MINER, Jr.
HARRY D. ELSE.
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