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To all whom it may concern. 
Be it known that I, MoRRIs E. LEEDs, a 

citizen of the United States, residing in the 
city of Philadelphia, county of Philadel 
phia, and State of Pennsylvania, have in 
vented a new and useful Speed-Control Ap 
paratus, of which the following is a specifi 
cation. 
My invention relates to speed control ap 

paratus comprising a centrifugal device or 
governor controlling co-acting contacts 
which may control any suitable circuit to 
effect a speed controi, but which are em 
ployed more particularly to control the 
speed of an electric motor which drives 
the governor. 

It is the object of my invention to pro 
vide speed control apparatus of the char 
acter referred to which shall be capable 
with great nicety to control the speed of 
a device, such as an electric motor and ap 
paratus driven thereby, whereby the speed 
fluctuations may be reduced, for example, 
to the order of one-tenth of 1% or less, as 
required, for example, in a chronograph em 
ployed in measurement of flight of projec 
tiles. 
While my invention is applicable to va 

rious types of centrifugal governors, it is 
particularly applicable to apparatus such 
as disclosed in my prior Patent No. 1,057, 
436 and produces a marked improvement 
in nicety of speed control, in some cases the 
fluctuation from desired or critical speed be 
ing reduced to one-fifth to one-tenth of 
that attained by apparatus such as described 
in said Letters Patent. 

For an illustration of some of the forms 
my invention may take, reference may be 
had to the accompanying drawing, in which: 

Fig. 1 is an elevational view, some parts 
in section, illustrating a Sing: gov 
ernor embodying my invention and driven 
by and controlling the speed of an electric 
motor. 

Fig. 2 is a plan view of one form of 
spring suitable for my invention before 
bending the same to the form shown in 
Fig. 1. 

ig. 3 is a side elevational view of the spring of Fig. 2. 
Fig. 4 is a fragmentary elevational view 

illustrating a modified form of resilient 
mounting for one of the governor contacts. 

Fig. 5 is a fragmentary elevational view 

of a further modification of resilient mount 
ing for the governor contact. 

Fig. 6 is a diagrammatic view of one of 
various types of electric motor which may 
be employed and the control thereof by the 
governor contacts. 

Referring to Fig. 1, M is an electric motor 
whose armature or rotor is mounted upon 
and drives the shaft 1 mounted in the usual 
bearings 2, 2. Secured to the shaft 1 by 
the screw 3 is the coupling 4, which may 
be of insulating material, upon which is 
secured by screw 5 the worm 6 driving the 
gear 7 secured upon the shaft 8 having a 
bearing in the member 9. The shaft 8 drives 
any suitable device or mechanism whose 
speed is to be controlled with great nicety, 
though the shaft 1 may directly drive the 
device or mechanism whose speed is to be 
controlled. The shaft 10 co-axial with the 
motor shaft 1 is secured to the coupling 4 
by screw 11. Secured upon the shaft 10 
is the cylindrical hub 12 on the supporting 
member or bracket 13. On the arm 14 of 
the bracket 13 there is pivoted at 15 the 
lever 16 having secured thereto or integral 
therewith the lever arm 17 preferably screw 
threaded, upon which is threaded or other 
wise longitudinally adjustably supported 
the governor weight 18. The lever arm 17 
which with the lever arm 16 may be con 
sidered to form a bell crank lever, extends 
preferably substantially parallel with the 
axis of the shaft 10. To the lever arm 17 
is attached one end of a spring 19, shown 
under tension, whose other end is secured 
to the rod 20 extending through an arm 
21 of the bracket 13, different tensions be 
ing given to the spring 19 according to 
the position of the rod 20 which is secured 
in any of its adjusted positions by screw 22. 
The movable arm 16 carries the rotary 
longitudinally movable contact 23 adapted 
to engage the spring mounted stationary 
contact 24 which may be the lower surface 
of the free end of the easily yielding bowed 
leaf spring 25 or a separate contact piece, 
as shown, secured upon the free end of the 
spring 25, whose other end is secured to 
the vertically adjustable screw or abutment 
26 threaded in the arm 26 which may be 
carried by the member 9, a nut 27 lock 
ing the screw 26 after it has been adjusted 
to suitable position. A suitable stop, as 
26 carried by screw 26, may be provided 
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to limit upward movement of contact 24 
and to prevent spring 19, when the gov 
ernor is not rotating, from bending spring 
25 out of shape. The contacts 23 and 24 
are co-axial with the shaft 10. Upon the 
arm 21 may be an indicating mark 28 with 
which is adapted to register an indicating 
mark 29 on the lever 16, exact registry of 
these marks being utilizable if desired for 
indicating normal relative position of the 
contacts 23 and 24. 
To afford electrical communication with 

the rotating contact 23 a carbon or other 
brush 30 bears upon the hub 12, of metal, 
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which is in electrical communication through 
the metal parts 13, 14 and 16 with the con 
tact. 23. The brush 30 is mounted in a socket 
in the conducting member or brush holder 
31, the spring 32 keeping the brush 30 in 
contact with the hub 12. One circuit wire, 
as 33, is connected to the brush holder 31, 
while the other circuit wire, as 34, is con 
nected to contact 24 through the member 26, 
screw 26 and spring 25. - 
The relation of the spring 19 and weight 

18 may be made anything suitable or de 
sirable, as for procuring a stable, unstable or 
neutral governer, to all of which types of 
governor mythvention is applicable. 
The operation is as follows: 
The motor M drives the shaft 10 and ro 

tates the bracket or supporting member 13 
and associated parts, the member 9 being 
sufficiently to the rear to allow free rota 
tion. Accordingly the contact 23 rotates in 
engagement with respect to the stationary 
contact. 24. When the speed of rotation ex 
ceeds a predetermined critical speed, the 
centrifugal force exerted by the weight 18. 
causes it to move outwardly from the axis 
of rotation in opposition to spring 19, there 
by moving the lever arm 17 slightly in a 
counterclockwise direction about the pivot 
15, an adjustable stop 16 on arm 21 serving 
to limit the downward movement of lever 16. 
The weight 18 is on a short lever arm, while 
the contact 23 is on a long lever arm, and 
therefore a slight movement of the weight 
18 is accompanied by a relatively greater 
movement on the part of contact 23, with 
the result that upon a slight increase of 
speed above a predetermined critical speed 
the contact 23 is withdrawn from engage 
ment with contact 24, breaking the circuit 
in which they are included. 
The circuit including the contacts 23 and 

24 may be any circuit, as for example, such 
as-indicated in Fig. 6, where the motor M 
is shown as a series motor having the arma 
ture A and the series field windings f f. 
The motor M is supplied with current from 
the conductors 35 and 36 extending from 
any suitable source of current. In series 
with the motor are the resistances 37 and 
38. The conductors 33 and 34 connect the 
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contacts 23 and 24 in a circuit shunting the 
resistance 38, which latter is in effect cut out 
of circuit when the contacts 23 and 24 are 
in engagement with each other. 
The effect is therefore to change the 

amount of resistance in the circuit of the 
motor M as the speed increases above the de 
sired critical speed, the motor then slowing 
slightly, with a resultant reengagement of 
the contacts, with a tendency again to in 
crease the speed of the motor. 

It has been found that a governor such 
as above described, whether it be neutral, 
stable or unstable, but with the stationary 
contact 24 rigidly mounted as illustrated in 
the above mentioned Letters Patent, does 
not open and close its contact with the ex 
treme nicety and certainty sometimes de 
sired. A properly behaving governor, par 
ticularly when neutral or unstable, should 
maintain the contacts in engagement with 
each other until the critical speed is reached, 
and then should completely and effectually 
separate the contacts. . In the case of an 
unstable governor, at critical speed the cen 
trifugal member should fly out to the ex treme limit permitted by its stop. A goy 
ernor with the stationary contact rigidly 
mounted as in said Letters Patent does not 
so behave, but on the contrary, the resistance 
at the contacts may vary through wide 
limits. In some cases the resistance at the 
contacts, or what may be compared to the 
resistance at the contacts, ranges, relatively, 
from a fraction of an ohm to severa 
hundred ohms, with resultant imperfect or 
incomplete circuit rupture and imperfection 
of control. This is believed to be due to 
roughening of the contact surfaces resulting 
from wear and sparking, causing the con 
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tacts to make intermittent contact and in ef 
fect to bounce on each other or chatter as 
they revolve with respect to each other, due 
to small irregularities in their engaging sur 
faces. The periods of the bouncing or 
chattering depend upon the difference be 
tween the force exerted by the spring and 
the centrifugal force and the moment of the 
moving system about the pivot, as 15. This 
difference between the two forces varies 
from a relatively strong force at speeds be 
low the critical speed to practically zero at 
critical speed. 
Whatever causes the bouncing or chatter 

ing occurs once for each revolution of the 
rotary contact; and it is believed that in practice bouncing or chattering is caused a 
plurality of times for each revolution. In 
order that the contacts shall not materially 
separate from each other before critical 
speed is reached notwithstanding the bounc 
ing or chattering, it is necessary that they 
shall follow each other quite continuously 
notwithstanding irregularities in their con 
tact surfaces. This is accomplished by 
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to elongate the same distance. 
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making the spring 25 light or weak in the 
sense that it will readily yield in bouncing 
or to longitudinal movement of contact 23 
without affecting the governor. For exam ple, spring 25, especially in the governor 
illustrated, may yield a given short distance 
to a force which is about one-half to one 
tenth the force necessary to cause spring 19 

And a simi 
lar relation may hold where spring 19 is 
replaced by gravity to oppose the centrifu 
gal force exerted by weight 18. 
The Spring 25 and contact 24, as a resili 

ent System, after having yielded or bounced 
away from contact 23 must very quickly 
and promptly return to normali position 
with respect to contact. 23. This is accom 
plished by making the natural period of the 
resilient system short. The half period of 
vibration of the resilient system should be 
at least as short as and preferably consider 
ably shorter than the time occupied for one 
revolution of the contact 23 or governor shaft 10. By way of example merely, and 
without limitiation of my invention thereto, 
it may be stated that where the governor 
shaft 10 makes 5 revolutions per second, 
the natural period of a half-vibration of the 
resilient contact system in the direction of 
longitudinal movement of the contacts, that 
is, in a direction longitudinally of the gov. 
ernor shaft, is preferably at least one 
twenty-fifth of a second and may be with 
adyantage one-fiftieth of a second; and it 
will be understood that the relative period 
of vibration may be even shorter. 

It is also desirable that the mass of 
SPring 25, or of spring 25 with contact 24, 
if a contact as 24 be Fmpioyed, shil be 
Small, and preferably so small as not to 
affect the action or behavior of the rotating 
governor SVsism, as by reaction thereon 
?hrough contact, 23. 

It will be understood, therefore, that my improved results are attained by using a 
Spring contact system which preferably has 
Small mass and which yields readily to the 
forces incident to the bouncing or chatter 
ing or to longitudinal movement of the ro 
tary contact, without, however, materially disturbing the governor as regards the re. 
lation of the forces exerted by the spring 
19 and the weight 18; and further, by mak. 
ing the natural period of the resilient sys 
tem so short that after yielding or bounc 
ing restoration is so prompt that the con 
tacts may be said to be substantially con 
tinuously in engagement with each other. 
By this arrangement the contact resistance 
is low and varies but slightly; and when the 
contacts separate they effectually electri 
cally separate to produce practically infi 
nite resistance between them. 
When contact 24 is omitted, as it may be, 

the spring 25 itself directly contacts with 

Contact 23; and in such case the character 
istics of the yielding or resilient contact 
System 25 are the same as those above de 
scribed. 
While with the contact 24 rigidly mount 

ed as described in said Letters Patent very 
Small fluctuation of speed is attainable, nev 
ertheless by my improvements herein de 
scribed the fluctuation in speed may be re 
duced to one-fifth or one-tenth of what it is. 
other things being the same, when the con 
tact 24 is rigidly mounted. By the im 
provements herein described the variation 
of speed from critical speed may be reduced 
to one-tenth of 1%, or even less. As further improving the operation, the 
area of contact between contacts 23 and 24 
is reduced as by making either of the con 
tacts, as 23, conical at its end, as indicated. In lieu of bowing the spring 25 as indi 
cated in Fig. 1, the same may be disposed as 
indicated at 25, Fig. 4. ro 
By preference the spring 25 of Fig. 1 and 

the scrings 25 of Fig. 4 may taper, as indi 
cated in Fig. 2, from its large end, where 
secured to the support, to the Small end, 
where a contact as 24 may be attathed. 
These springs may also diminish in thickness 
from the end where secured to the support 
to the contact end as indicated in Fig. 3. 
Figs. 2 and 3 show the spring 25 before 
bending to the form shown in Fig. 1, or as 
employed in Fig. 4. w 
While the bowed spring 25 of Fig. 1 is 

the preferred form, the contact. 24 may also 
be otherwise resiliently mounted, as upon the 
end of a helical spring 39, as shown in Fig. 5. 
As in the case of Fig. 1, the contact. 24. 

may be omitted in Figs. 4 and 5, and the 
ends of the springs 25 and 39 themselves 
contact with the rotary contact 23. 
The hereinbefore described characteristics 

of the resilient or yielding contact system 
of Fig. 1 are preferably had also by the 
systems of Figs. 4 and 5. 
While it is preferred that the yielding or 

resilient contact systems, comprising springs 
25, 25 and 39, shall be stationary, it will be 
understood that by mere reversal such resil 
ient or yielding contact systems may be 
secured upon and rotate with the governor 
arm 16 with the contact surface of such 
system cooperating with a stationary contact. 
What I claim is: 
1. Speed control apparatus comprising a 

centrifugal governor, a contact, a resiliently 
yielding contact system, said contact and 
said system engaging each other in the axis 
of rotation of the rotating structure of said 
governor, said system having small mass 
and having a natural period of vibration 
longitudinally of the axis of rotation of said 
governor which is at least as short as the 
time of one revolution of the rotating struc 
ture of said governor. 
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2. Speed control apparatus comprising a 
centrifugal governor, cooperating contacts 
controlled by the governor, one of said con 
tacts rotating with said governor and engag 
ing another of said contacts in the axis of 
rotation, and a resilient mounting for at 
least one of said contacts having a natural 
period of vibration which is at least as short 
as the period of one revolution of said rotat 
ing contact, said contacts normally engag 
ing each other and separating upon excess 
of speed above a predetermined critical 
speed. 

3. Speed control apparatus comprising a 
centrifugal governor, cooperating contacts 
controlled by the governor, one : said con 
tacts rotating with said governor and engag 
ing another of said contacts in the axis of 
rotation, and a spring supporting one of said 
contacts and constituting a system having 
a natural period of vibration, which is 
shorter than the period of one revolution of 
said rotating contact. 

4. Speed control apparatus comprising a 
centrifugal governor, cooperating contacts 
controlled by the governor, one of said con 
tacts rotating with said governor and engag 
ing another of said contacts in the axis of 
rotation, and a spring supporting one of 
said contacts yielding easily to the cooper 
atting contact and constituting a system hav 
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ing a natural period of vibration which is 
shorter than the period of one revolution 
of said rotating contact. 

5. Speed governing apparatus for pre 
venting fluctuation of speed greater than 
one-fifth of 1% comprising a centrifugal 
governor, a contact, a resiliently yielding 
contact system, said contact and said system 
engaging each other in the axis of rotation 
of saic governor aid one of them rotating 
with said governor, said system yielding 
easily in a direction longitudinally of the 
axis of rotation of said governor, and hav 
ing a natural period of restoration in said 
direction which is at least as short as the 
time of one revolution of said governor. 

6. Apparatus for controlling the speed of 
an electric motor comprising a centrifugal 
governor whose speed corresponds with the 
speed of the motor, and motor control con 
tacts disposed at the axis of rotation of said 
governor and one of them actuated by said 
governor, one of said contacts comprised in 
a resilient system having such characteristics 
that speed variation in excess of one-fifth of 
one per centum is prevented. 

In testimony whereof I have hereunto affixed my signature this 20 day of January, 
1919. 

MORRISE. LEEDS, 
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