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A primary purpose of this invention is to con 
trol the application of the force of gravity by the 
application of the frequency of vibration inherent 
in a spring to form what is in effect aspiring 
motor with a, “walking escapement' embodied 
therein. Such a device may consist essentially of 
a. Spring, leaf or helical, with one end free to 
vibrate and the other end formed into an escape 
ment which when placed about a post or other. 
elongated support, which is disposed in a more 
or less upright position descends. at a...rate of 
speed, which is, carefully pre-controlled as desired. 
according to the methods and instrumentalities. 
which are described and claimed herein. For 
convenience, the end nearer a support and em- i 
bodying or carrying an escapement is called 
"near" or "inner” and the opposite and free end 
"far" or 'outer.” The speed of descent. is de 
termined by, the effect. of gravity, load and the 
vibrational characteristics: of the spring, em- : 
ployed, all as conditioned by and in turn-condi 
tioning the escapement by... which the-motor is 
attached to its support. 
In its essence, therefore, our invention may be 

considered as including or comprising a cantilever : 
spring and an escapement, each being-conditioned 
by the other and the escapement serving to attach 
the Spring...to, its Support. The Support-is-suffi 
ciently upright SQ..that.the-force-of-gravity con 
ditioned by the characteristics-of-the spring and 
its load and controlled by the escapemeat is-util 
lized to bring the motor and its load downwardly 
with: predetermined timing. The inclination of 
the support from the perpendicularis one factor 
in our. control of the rate of descent. The spring 
itself may be of a fiat or leaf-form with one oria. 
far-end free and the other or near-end-formed into 
or. carrying an escapement-and-attachings struc 
ture.or.it, may be a Spring: Wire preferably: circu 
lar in cross-section and wound in the form of a 
helix one or a far end of which is free alad...the 
other, or near end of which terminates in-a-loop, 
generally in a plane at right angles to that of 
the coils of the helix; which forms an escapement 
by means of which the motor is attached to its 
support...and its descent controlled , 
An important element of our invention is that 

the escapement is attached to a support:at three 
spaced points, two on one side, and iat least one 
on the other side; such spacing between points or 
the same sider being of appreciable distance... The 
results of our invention cannot be secured for 
example, by nierely: a-single'Opening: in a?: leaf 
springi. It is important to noté that the characa, 
teristics of the escapement condition: the vibra 

sellaims. (Cl:58-1). 
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2 
tion of the spring and the vibration of the spring 
and its application to the escapement condition 
the action of the escapement. The result is a 
couple of reciprocating forces, each acting on the 
other and the net total determining the timing: 
At this point...it will be useful briefly to review 

the operation of certain of the physical factors 
of which we make use. The method and means 
by which we fully utilize these factors will be 
clear from the following portion of this specifica 
tion, the present outline being preliminary. It 
will be assumed that by hand, reversal of a sug. 
port, or thie. use of power one of our motors, for 
convenience described as of the leaf type, is placed in position at the top of a support, with 
the far end of the spring inclined upwardly from 
a horizontal plane. This spring should carry a 
load, both for utility and in many cases for. 
optinum operation, especially when a timer or 
the like is the object to which we apply our in 
vention. The force of gravity will then cause the 
far end of the spring to fall until it is checked by 
a lower point of the escapement. This, arrest of 
movement must be at a point before the inherent 
travel of the spring due to the force of gravity has 
been completed. When this check is applied at 
the near-end the free end of the spring therefore 
will continue to move downwardly thus storing 
power in the spring. which immediately is utilized 
to move the free or outer end of the spring up 
wardly until this movement in-turn is arrested 
by an upper element of the escapement. It is 
essential that the power thus stored in the spring 
in relation to the characteristics of the spring-and 

5 the weight which is applied and the position of 
this: upper, point of the escapement be sufficient 
so that this upward movement will continue until 
is is arrested-following contact of the near end of 
the-Spring-and-by the upper point of the escape 
ment. The amplitude of the vibration of the 
spring...and hence the point-at, which it is to be 
arrested is conditioned by the distance. of the con 
tact points-of-the escapement from the support 
and from each other. k . . v . . 

Intermediate the beginning and the end of both 
the downward-and upper phases of the complete 
cycle there is a moment at which the entire de 
vices is free from the clamping action of the 
escapement and is-drawn-bodily, downwardly, by 
the force of gravity. This bodily descent must be 
clearly differentiated from the upward-and-down 
ward movements of the spring itself, controlled 
by:its frequency and other characteristics and its 
load and the: construction of the escapement. It 
williofi course: be understood that the arrest of 
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the spring in its upward and downward travel 
is checked respectively by the clamping action of 
the upward and downward points of engagement 
of the escapement on the near side of the Sup 
port in cooperation with the one or two points 
of contact of the escapement upon the opposite 
side of this support. Certain definite steps or 
constructions are necessary to secure Satisfactory 
clamping action at the end of each phase of each 
cycle and also and more important to afford 
closely pre-controlled and regular oscillation. 

10 

4. 
tion, consideration of the drawings and the sub 
joined claims. It will be readily understood that 
for purposes of illustration only we are showing 
certain preferred embodiments of our invention 
but changes may be made therein without de 
parting from the Spirit of our invention or the 
Scope of our broader claims. 
In the drawings: 
Figure 1 is an elevational side view of a timing 

device utilizing one embodiment of our invention, 
scalled for convenient identification the “J form,' 

All of the above factors are later presented more 
fully and with necessary formulae and directions. 
The same principles, including the recurrent 

cycles each of two phases, apply to the operation. 
of a spring motor of the helical type, although 

Certain added factors they are not So obvious. 
later discussed arise from the travelling Waves 
or oscillations of the helix along its longitudinal 
axis. The arrest of the helix at the end of the 
downward phase at a point prior to the expendi 
ture of the complete effect of the force of gravity 
sets up a response in the Spring which raises it 
through the neutral point and to that at which 
its upward phase is arrested by an upward eS 
capement point, provided of course that the prin 
ciples stated above and elaborated hereinafter 
are carefully followed. It should be noted that 
a helical spring made of round wire is six times 
as efficient in the amount of energy which it will 
store per cubic inch or pound of metal in the 
spring in relation to a flat Spring of uniforn 
cross Section with a concentrated load. (Mor 
timer F. Sayre, Kent's Mechanical Engineer's 
Handbook, 10-21, Eleventh Edition.) 
This invention also includes the provision of 

methods of adjustment and instrumentalities 
whereby when desired a motor and its load may, 
becaused bodily to move about the rod in a helical 
descending path of its own. Such movement is 
also closely pre-set and conditioned. To accom 
plish this result we utilize a predetermined im 
balance of a vibrating instrumentality as for 
example by a couple of forces produced by free 
dom of vibration along one Side of a helical 

by which we illustrate our invention when uti 
lizing a leaf spring. 
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Figure. 2 is a fragmentary side view largely in 
section corresponding to Figure 1. 

Figure 3 is a fragmentary side elevation which 
corresponds to Figure 1 and shows a variant 
thereof.- . . . . 

Figure 4 is a side elevation which shows a 
Weight which may be employed with the struc 
tures of Figures 1, 3 and 4 hereof. 

Figure 5 is a top plan view of the structure of 
Figure 1 partially in section. 

Figure 6 is an elevational view of an important 
modification of our invention wherein the es 
capement is known for convenience as of the 
“trident" form. Figure 7 is a fragmentary showing in side ele 
vation of a modification of the structure of 
Figure 6, the tines of the trident being placed 
further from the fulcrum of the vibrating canti 
lever and being further spaced at their point 
of contact with the support thus decreasing each 
period of arrested movement of the escapement 
and hence increasing the speed of travel. 

Figure 8 is a top plan view corresponding to 
Figure 7. 

Figure 9 is a top plan view of a variation of 
the structure of Figures 6, 7 and 8, showing how 
we may secure rotation about a support by im 
balance caused by offsetting a weight. 

Figures 10- and 11 are elevational views illus 
trating an escapement, known for convenience 
as of the “El type,' which represent modifications 

45 
spring and damping along the other, or by an 
unbalanced load. . . 
Although our invention can be applied as a 

timer or as motive power for toys and is so illus 
trated herein it is not so restricted. Our inven 
tion can be used in any device in which it is de 

50 

sired to utilize the force of gravity as pre-con 
trolled by an escapement-operated Spring. In 
short our invention can be applied where ever it 
is desired to cause gravitational force intermit 
tently and in a series of pre-set, short and regu 
lar oscillations to move an object downwardly 
along a generally upright Support. 
The objects and characteristics of our invention 

therefore include the provision of new and in 
proved means and methods whereby the force 
of gravity may be utilized in a pre-controlled 
and uniform manner to determine the descent 
of an object along a predominantly upright post 
or other support in a series of pre-timed regular 
intermittent movements and if desired its rota 
tion thereabout, and to utilize Such methods and 
means as the motivating force for toys, timers, 
and other devices. Other objects are to condi 
tion predeterminedly the Operation of a gravita 
tional escapement by a spring which is attached 
to a support thereby and predeterminedly to con 
dition the operation of the escapement in turn 
by the characteristics and control of said spring. 
Still other objects and characteristics will be 
apparent from the remainder of this. Specifican 
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of the J and trident forms previously mentioned. 
Figure 11 is a modification of Figure 10 wherein 
the croSS bar of the L is elongated thus increasing 
the rate of descent. Figure 12 is an illustration in modified isomet 
ric of our invention as practiced with a helical 
Spring, the load being attached to a motor ad 
jacent the Support, escapement being of the three 
point type. 

Figures 13, 14 and 15 are diagrammatic show 
ings, in the form of side elevations very much 
exaggerated, illustrating the operation of our 
escapement, the form used in this example being 
of the trident type. Figure 13 shows the escape 
ment in its upper or ascending limiting position, 
Figure 14 in its neutral or free or descending 
position, and Figure 15 in its lower or descending 
limiting position. 

Figure 16 (Sheet 2) is an isometric view of a 
toy. Woodpecker which is one means by which 
We illustrate our invention when utilizing a heli 
cal Spring. 

Figure 17 is a fragmentary isometric view cor 
responding to Figure 1 partly broken away but 
taken from an opposite point of view. 

Figure 18 is a top plan view of our escapement 
and motor in which a helical spring is employed. 

Figure 19 is a side elevational view correspond 
ing to Figure 18. 

Figure 20 is a vertical section taken on the line 
29-20 of Figure 21 and looking in the direction 
of the arrows. . . . . . . . 
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Figure 21, is: a side elevational view of a pars 
ticular fastening for attaching a motor and its 
load to a platform. 

Figure 22- is, a front, elevational view of the 
body of this notor. With its support removed. 

Figure. 23 corresponds to Figure. 18, but is a 
Valiant: illustrating, change: in direction of iota 
tion following a change in relative, position of 
the damped and, undamped portions of a helical 
Spring. 

Figure 24, corresponding to. Figures 18. and 23, 
shows in part, how, we pre-set the bodily rotatio: 
of a motor of our helical type. 

Figures. 25. and 26 are fragmentary top, plas). 
views showing how, differences. in angle between 
the escapement loops and the first Coil, of a helix 
cause difference in rapidity of bodily rotation. 

Figure: 27 is a view, largelyin, top plan and par 
tially in section, showing an important variant 
wherein. We provide a pirtial Substitute for the 
damping arrangements as shown in FigureS. 18, 
i8, 23, and 24. 
As already indicated this invention may be 

embodied in a motor making, use of either a leaf 
or a helical Spring. We shall first describe and 
illustrate our invention as utilizing a leaf Spring. 
Before stating the characteristics of leaf. Springs 
which accomplish, Our purposes, the principles 
underlying the construction of our eScapeinent 
and the methods by which the load is, deter 
mined we shall describe. certain embodimentS. oi. 
Our in Vention. 

Figures 1 to 5, illustrate. Our invention aS ap 
plied to a timer, such as, can be used for photo 
graphic and many other purposes, with a Spring 
i?otor in the form of a leaf Spring and SO fortined 
at its near end as to. embody both an attachment 
by, which it can be mounted upon its Support and 
also, an escapement. Such a timer can be readi 
ly electrically or mechanically... connected to ally, 
object which it is desired to control, but. Such 
connections form no part of the present inven 
tion and hence are not presented hereby. Also, 
for- another exampie of its use, it can be applied 
as a tining, agitator, a test tube, for exampie, 
being mounted on or adjacent the free end. Of a 
cantilever Spring. 
For illustrating our invention as it is, applied 

ta, a tinner it., is desirable to introduce anoti{: 
controlled variant in the form of a pre-set dif 
ference of inclination of a Support. Therefore 
base. , which preferably is made rather heavy 
both for solidity and to discourage Sympathetic 
vibrations in response to those of a timing Spring, 
includes, two upstanding parallel plates 8, between 
which a disc. 9 is rotatably, supported upon a. stat 
Screw. 0. Preferably the base, and upstandirig 
supports are made of one piece as, by casting, 
Support or post it is fastened to disc. 9, in any 
appropriate fashion or may be made integral 
therewith. Calibrations. 2, indicating either...the 
degree of inclination of the support or the factor 
which must be applied to the wanted determinar 
tions, because. of this inclination are placed upon 
aside of one of the plates. After the. Set, Screw. 
is...loosened the support f2 may be rotated to...any. 
desired angle: as indicated between calibrations 
2 and arrow 3. On the Side of the Support. Thus 
a user may readily determine: the angle.at which 
the Support, is set or at once note its effect upon 
a timing. Operation and fasten the post by tight 
ening the thumb screw to. Inclination of cours: 
decreases, speed of descent of the motor, and its 
load by introducing-increased sliding friction at 
the free interval of the escapement cycle. 

l 
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6 
A leaf spring generally indicated as: 5; is, at 

tached to this post by an escapement, of the type 
Which for convenience herein is designated as the 
"J form.' For convenience herein we, occasion 
ally use capital letters as descriptive of certain 
constructions, with their orientation as the let 
ters appear in print. Thus “an upright leg' of 
a. J is the portion which in a letter J, in type-is 
upright although in a drawing or in fact it may 
i.e., disposed on its side. The main body or up 
Eight leg. 6 of the leaf spring is bent backward 
ly upon itself into a descending portion 7 and 
a portion. 8 which is again turned upon itself 
to, Coriplete the J form: Openings. 9 and 20 are 
formed respectively in the long leg or main por. 
tion of the J. and the upright or short leg 8, 
generally parallel, thereto, respectively, through 
Whigh the post passes. The clearance between 
the edges: of these openings and the post in rela 
tively Small, a matter of a very few... thousandths 
of an inch depending upon the particular use to 
Which a device is to be put. In the illustrations 
herein for clarity these clearances are exagger 
atted. The eScapennent of this form has four 
points created by the opposite sides of the two 
OpeningS 9 and 23. In order to condition the 
Vibration of the Spring and consequently the op 
eration of the escapement we preferably, apply 
a Weight Within certain. Specified limits, allina, 
rianner iaiter explained. A weight 22 may be 
loved along the Surface of the main portion 

Of the Spring and by Screw 23, be. Set, according 
to calibrations 24. In Figure. 4. We show another: 
Similar Weight. 23 having a gody 26 and a set 
Screw 2, of less weight than the device shown 
iii. Figure 2. Consequently we may vary the fre 
Cuency of operation of the spring motor not only 
by IOWiig, the WeightS along the Surface. Of the 
::pring but by Substituting. Weights. Of different 
iiagnitudes. Thus by a comparatively few. 
WeightS each Separately or in combination dis 
posed as desired along-the-main arm of the Spring 
We are able to Secure, as many different, fre 
quencies as are required for all ordinary. pur 
pOSeS. 

In order to limit the travel of the Spring; motor 
along the Support a top stop 30, preferably. re 
nowable, is Supplied and a bottom adjustaha 
Stop 3: Which may be placed along calibrations 
32 at any desired point and held thereby a sat, 
Screw 33. Also, an upper Stop of the type shown 
as the lower stop and movable along the post 
may be substituted, thus further increasing the 
combinations. Which may be Secured. 
One great advaitage of the form of our in 

vention is exemplified by Figure 3. A spring of 
this type may leadily be constructed. So that the 
Critical facto's are easily changed in advance. 
In Figure 3 we show a Spring motor generally in 
dicated as 34 having a escalerient and support 
generally indicated as 35. A. aain. plight airn 
36 of the J. Cairies a Weight 33 having. a set screw 
38 and calibrations not showin. Such as previously 
described and as illustrated in Figure 5. The 
forward end of this spring is tirned downward 
into a cross ar: 35 and then backwardly upon it. 
Self into a short upright aris ; these arms being 
horizontally, disposed and generally parallel: 
Openings: 4 and 42 in the long and short arms 
respectively embrace a Support, 43 which in this 
case is shown as circlei in cos;S Sectic hit. Oth 
erwise may be constructed and mounted as is pos, 
lf. By comparison with Figure 2 it will be sessna 
that, cross arm. 39.is nuch longer than cross aim 

previously described and that the angle in 
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short upward arrn 4 is much less than that in 
arm 20 of the previous construction. 
The lengthening of the short arm 39, as for ex 

ample compared with short arm of Figure 1, 
decreases the amplitude of each vibration and 
also the time during which the lower portion of 
the escapement in each phase of each cycle is in 
clamping contact With the post. Since the fre 
quency of vibration is not changed the net result 
is a relative increase in the positioning of the 
escapement in its central or neutral position, with 
consequently a more rapid bodily descent. Chang 
ing the angle of the short upward leg of the J 
in relation to the crossbar in effect increases the 
diameter of the opening 42. As will later be ex 
plained in more detail, the Widening of this open 
ing increases the amplitude of vibration of the 
spring. To a light extent this increase also post 
pones' clamping action in each phase of each 
cycle and thus further increases the speed of 
descent. We have fouild this Second factor of 
relatively less importance than the others which 
are set out herein. 

In the forms of our invention in which we nake 
use of a leaf Spring and to a less extent in those 
in which we employ a helical spring we have 
found it possible to use a battery of motors si 
multaneously. We have placed a plurality of es 
capement-supports in different positions relative 
to the circumference of a round Support or pGn 
different sides of a Square support and arrange 
for them to support a common load. Thus. We 
are able to increase carrying capacity. For the 
majority of purposes, however, a single motor as 
herein described is sufficient. 
Our motor, of whatever type, may be raised to 

starting position by hand or, as in the case of 
the form about to be described, merely by inver'- 
sion of its support. Alternatively and for certain 
applications such inversion or raising may be by 
power. 

Figures 6, 7 and 8 show various forms of a high 
ly important 'trident' form of our invention, 
wherein the escapeinent is in the form of a U 
(in Figure 6 more nearly resembling the Greek 
capital upsilon) each of the ends of the upright 
arms of which engage one side of the support 
while the escapement clamp on the other side is 
formed by the leftward Wall, as viewed in the 
drawings, of an opening of the main spring which 
intersects the centel of the U parallel to its up 
right legs and embraces a supporting post. This 
construction is particularly simple, inexpensiv 
and versatile. One great, advantage of this form 
is that the entire Structure readily can be turned 
from one end to the other. Theirefore it is not 
necessary to move the motor by hand or otherwise 
from the bottom of the support to the top for 
successive operations. 
As is fully shown in Figure 6 a support, or post 

5 shown as Square in cross section has a top stop 
52, which may be made renovable, or movable 
along the post, or both, and a base 53. Prefer 
ably the post is calibrated as shown at 54. A 
spring motor generally indicated as 35 includes 
an escapement generally indicated as 56. A sin 
gle leaf spring 5 has an opening 58 which en 
braces post 5. A weight 58 controlled by a set 
screw 69 may be moved along the Surface of Spring 
57 according to calibrations which are not shown 
but may be similar to those of Figures 5, 8 and 9. 
The escapement consists of a U-shaped structure 
consisting of bent sheet metal strips 6 and 62 
representing the upright legs of the U fastened 
as by a rivet 65 or spot welding to Spring 57 at 
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8 
the outer or leftward side of opening 58. The 
inner or rightward side does not engage the post 
as a part of the escapement cycle. 

Figures 7 and 8 show a variation of the struc 
ture of Figure 6. They illustrate how a still fur 
ther increase of the versatility of the structure 
of Figure 6 can be secured at a very low cost. 
Post 68, shown as circular, may be mounted as ill 
lustrated in Figure 6. A leaf spring 69 is formed 
with an opening 9, corresponding to 58 previous 
ly described, embracing the post. A weight 7 
with a set screw 2 is movable along the surface 
of the spring in accordance with calibrations 3. 
The remainder of the escapement mechanism 
namely the components of the U portion of the 
escapement trident-may be formed of two 
L-shaped pieces of Spring metal 4 and 75 with 
the short or croSS arms offset and extended along 
the surface of Spring 69 to give space for the ap 
plication of a rivet 76 or spot welding. The op 
eration of this form of our device is the same as 
that shown in Figure 6 with the important ex 
ception that the legs 74 and 75 of the U are con 
siderably longer and also further spaced from 
each other. Thus while frequency of engagement 
With the post is not changed the duration of that 
engagement and consequently the clamping ac 
tion are less and the motor descends more rapidly. 
Frovided the points of contact of the near side 
(right as viewed) of the escapement are equally 
Spaced from a Support, amplitude of vibration of 
Ol' Cantilever Spring is decreased by an increase 
of the vertical distance of these near points of 
contact from the horizontal plane intersecting the 
far or leftward point. 
AS 3, practical manufacturing Operation we pre 

fer to furnish a plurality of spring motors of 
this kind each with a U portion of the trident 
With egs of different lengths rather than to make 
the U portion removable or adjustable. Costs 
are thus lessened in this manner and certainty of 
I'esults increased. With a plurality of spring 
motorS and a plurality of Weights, each costing 
very little indeed, one device of the type of Fig 
ures 6, 7 and 8 can readily meet any reasonably 
desired condition. 
AS Stated more at length in connection with 

the later discussion of spring motors of the heli 
cal form it is often desirable to cause the spring 
motor to rotate bodily about its support, again 
in accordance with conditions which are carefully 
pre-Set. As previously stated any condition of 
imbalance in the motor will accomplish this re 
Sult. The most simple procedure when a leaf 
Spring is used is to off-set the weight from the 
longitudinal axis of the Spring motor. As shown 
in top plan in Figure 9 a leaf spring 79 having an 
opening 80 embraces a support 8 which is cir 
cular in CrOSS Section. The escapement is com 
posed of the left side of this opening as viewed 
in this figure and the points of a horizontally dis 
posed U-shaped component added to the central 
line of the trident with its base or cross bar bi 
sected thereby in the form of arms 82 attached 
as by a rivet 83 or spot welding. A weight 84 at 
tached by a set Screw 85 and set upon one side of 
the center of the Spring and movable in accord 
ance with Calibrations 86 causes this structure to 
rotate anti-clockwise in the direction of the 
arrow as indicated. 
Figures 10 and 11 show the form of our inven 

tion applied to a leaf spring which for purposes 
of Convenience herein is called the “L. form.' A 
leaf spring 88 having an opening 89 embraces 
post 90. A downwardly extending leg 9 repre 
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senting the cross bar of the L terminates in an 
Off-set point 92 engageable with the support. 
The sides of the opening 89 and this point con 
pose the elements of the escapement. A weight 
94 controlled by a set screw 95 can be moved 
along the calibi'ated surface of spring 88. 
The elements of oui invention shown in Figure 

11 resertible those of Figure 10 except, that the 
cross bar of the L is further extended thus in 
creasing the relative speed of bodily descent, as 
previously explained in connection with the cont 
parison of the form of Figures 7 and 8 with that 
of Figure 6 and that of Figure 3 with that of 
Figure 1. Care must be taken not to rake this 
bar sufficiently long and of such charagteristics 
as to set up independent vibration. in view of 
the similarity of the structure of Figures 10 and 
11, except as to the relative length of bars 9 
and 9t', the description ci Figure 10 is not being 
repeated as applied to Figure 11. The reference 
characters of Figure 10 are therefore applied to 
Figure 11 with a prime character added. In 
crease of this length lessens amplitude of vibra 
tion. 

In Selecting a proper leaf spring to carry out 
any of the several forms of our invention here 
inabove described, certain critical factors should 
be applied although they may be determined 
Within a relatively wide latitude. 
In determining the characteristics of a leaf 

spring, it is first necessary to find the stiffness 
in pounds per inch of deflection, a factor known 
as 'k.' The formula given in “Art and Science 
of Spring Making' (fourth edition, by Barnes, 
Gibson and Raymond) is as follows: 

PL3 
F-31 

wherein: 

Fedetection in inches. 
L=length of lever arm in inches or 3.375'. 
P=load in pounds, aSSunning unit as I. 
E-enodulus of elasticity 30,000,000 for Steel. 
I- bO3 the moment of inertia, where 

ba-4'', C =.015'. 

The specific values are in accordance With One 
illustration of our invention as built in accord 
ance with Figure 6. Substituting: 

1X (3.3.75)3 Fs is a N. 
3X30,000,000XAXX (015); . 

38.44 
F= 

F=3' deflection per pound load, or in pounds 
per inch. 

F-33 lb. per inch of deflection. 
The next step is to find the natural frequency 

of a flat or leaf spring which carries an attached 
load. As given by Kent’s “Mechanical Engi 
neer's Handbook,' chapter i0, page 20, 11th 
edition, the formula is as follows: 

Frequency = 3.12 Wik/(WCW) cycles persec. 
Where 

k=Stiffness of spring in pounds per inch of 
deflection. 

Ws=weight of spring itself. 
WL-Weight of load carried by spling, 
C1=constant 4 for cautilever springs of uniforn 

croSS Section. 
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Substituting known factors for a spring used in 
the above illustration: 

F=3.12.V.337(.024-4X.007) 
=3.12.V.337(.02575) 
=3.12 W12.8 
= 3.12X3.58= 11.16 cycles per second 

A Weight of lead of .024 lb. is used. 
Fl'On the above formulae, certain general 

principles may be readily understood. With an 
increase of the weight of the load (WL), the rate 
of vibration is correspondingly decreased. Con 
versely, a decrease of a rate of vibration makes 
possible the carrying of a load of greater weight 
under the same conditions. Likewise, with an 
increase in stiffness (k), the rate of vibration is 
increased, or by decreased stiffness the rate of 
vibration is decreased. An increase of the cross 
Section area of a spring , the moment of inertia, 
increases the stiffness which is expressed in de 
flection in pounds per inch. Ilikewise decreasing 
the CrOSS-Section area of the Spring decreases the 
stiffness. Also, increase in the length of lever 
arm (L) increases deflection and decrease of 
the length decreases deflection. By keeping the 
above formulae and principles in mind, as well 
as those previously outlined and later discussed 
more fully as to our method and means applied to 
an escapement, it is possible to meet any reason 
able Set of conditions. 
As previously stated, we may practice our in 

vention by providing a motor which is powered 
by a helical instead of a leaf spring, as first and 
generally illustrated in Figure 12. Since the op 
eration of the escapement in either form of the 
invention is the same whether a leaf or a helical 
spring is employed we are briefly describing this 
one embodiment utilizing a helical spring at this 
time and before we discuss in detail the opera 
tion of the three point escapement as shown 
by schematic Figures 13, 14 and 15. Thereafter 
we shall describe fully the construction and op 
eration of the forms of our invention utilizing 
a helical spring and illustrate its use. 
As is shown schematically in Figure 12 a motor 

is operated by a helical spring having free coils 
36 and damped cois 9. The operation, purpose, 
significance and modifications with damped and 
undamped coils will be fully discussed later. 
The motor is attached by an escapement hook 
98 to a support 99 shown as round. An -shaped 
platform having a horizontal supporting portion 
09 representing the normally upright leg of the 

L and an attaching right angled portion 0 rep 
resenting the cross bar is attached to the helical 
spring by means generally indicated as C2 which 
Will be described at length later in connection 
with Figures 18 to 21 inclusive and 27. A load 
conventionally shown as I. agpaars upon the plat 
form. This "load' may be a carefully deter 
inined Weight, which in accordance with calibra 
tions such as those previously described may be 
Set at different points along the platform or it 
may be the body of a toy as illustrated in Figure 
i.6 and described in connection therewith or any 
other load which may be desired either for pur 
poses of utility or in order to control the fire 
quency and amplitude of vibration of the spring 
or the speed of bodily descent of the entire de 
vice. It Will be particularly noted that the es 
caneinent hook 98 extends from a free coil 34 
about the post with a point of contact, 25 at the 
top of coil e4 and a point of contact i C6 at the 
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bottom of the coil, both on the near or right side 
of the post, and a third and final point of cont 
tact 87 on the leftward side of the Support. 
Figure 17 upon Sheet 2 shows substantially the 
same escapement construction from the opposite 
point of view. In this latter instance the three 
point suspension or contact is as indicated at 
points 48, 49 and 53. 
We shall now discuss the method of Opera 

tion of our escapement, with particular refer 
ence to diagrams of Figures 13, 14 and 15 which 
are very greatly exaggerated for purposes of 
clarity. While we have elected to illustrate the 
operation of the escapement by a three point cont 
tact of the trident form of our invention it will 
be understood that the principles are the same 
whether exemplified in this form or in the J, , 
helical or other forms. In these diagrams Sup 
port or post P corresponds to supports , 43, 
5, 68, 8, 30', 99, and . The escapement is 
shown diagrammatically as being attached to or 
embodied in a leaf spring 08 (corresponding to 
all of the several springs flat or helical herein 
illustrated and described) and a U-shaped eS 
capement component diagrammatically indicated 
as G9 and having an opening it which em 
braces post P. 
The escapement contact or suspension points 

in this form of our invention include the ends 
A and B of each leg of U 99 and the edge C 
of the opening of spring $3. Side D is shown 
as so far removed from the post as to exert no 
escapement effect. If desired it may also be po 
sitioned so as to be utilized to supplement the 
clamping action of either point A or B but such 
an arrangement is not necessary. The down 
ward phase of the first cycle is powered both by 
inertia due to gravity and preferably by the re 
silience of the spring, but the resilience of the 
spring alone brings the motor back to the posi 
tion of Figure 13. 

It is assumed then that regular cyclic opera 
tion begins with the mechanism returned by re 
silience to the position of Figure 13. Thereupon 
the force of gravity augmented by the inertia 4 
of the load L. and the energy stored by the up 
ward phase after the moment of arrest carries 
the motor through the neutral position of Fig 
ure 14 to that of Figure 15. At this moment 
points B and C engage post P and form a clamp 
which arrests the downward movement of that 
portion of the motor which is adjacent the sup 
port. As previously stated in outline this check 
in this downward motion must come at a time 
when inertia will carry the free end of the Spring 
still further downwardly thereby storing power 
therein. This power thereupon is operative to 
bring spring 68 back through the position of 
Figure 14 to that of Figure 13. At this point an 
other clamping operation is carried out by points 
A and C and further upward movement at least 
of that portion of the motor adjacent the sup 
port is arrested. Since the force of gravity will 
be operative hereinafter to carry the structure 
downwardly it is not necessary that the free endi 
of the spring have sufficient resilience left to con 
tinue its upward movement after the escapement 
has anchored the leftward end thus storing up 
power which augments the following downward 
movement, but such additional movement of the 
free end of the spring is most highly desirable. 
Thereupon gravity, whether or not augmented 
by the power stored in the spring by continued 
upward movement of its end, is operative to re 
lease the clamp AC and at this point to cause 
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12 
the motor to return to the position of Figure 15 
through that of Figure 14. In both the upward 
and the downward cycles it will be noted that 
when the motor is in the position of Figure i4 
points A, B and C do not engage the post and 
hence the entire structure is free to slip bodily 
downwardly along the post free of contact there 
with for a small fraction of a second. These 
cycles are thereupon indefinitely continued until 
the motor has bodily fallen to the lower end of 
its Support. 
To secure satisfactory clamping action at the 

end of each phase of each cycle and also and 
more important to afford closely pre-controlled 
and regular Oscillation certain principles must 
be followed, as outlined above. We have found 
that the separation of the two points on the 
same side. Of the post must be considerable. A 
practicable rule is that the diameter or width of 
a supporting post should be at least twice the 
separation of the two escapement points which 
are on the side of a post adjacent the body of 
the motor. That is, the distance between the 
escapement points on the one side of a post 
should be no less than One half of the distance 
representing the length of a horizontal line be 
tween a vertical line connecting them and the 
third point on the other side of the post when the 
device is disposed in the central or free neutral 
position. This clamping action of the escape 
ment becomes important in connection with the 
minimum rather than the maximum Weight. It 
must be sufficient so that with a given minimum 
weight there is no slippage as distinct from the 
regular, pre-controlled and wanted bodily de 
scent in each phase of each cycle in the position 
of Figure 14. When we are designing a device 
in which we desire maximum speed of vibration 
or frequency the spring which we choose must be 
completely without slippage before any load is 
applied. It will be readily realized that this con 
dition or in fact any satisfactory operation can 
not be reached With a device in which a leaf 
spring no matter what its thickness is mounted 
On a Support by means of a central opening. 
Such mounting shows no escapement action 
whatsoever. It oscillates during short periods, 
but irregularly, and slides, slips and Wobbles. No 
control is effective, we have found, unless the 
above factors are carefully included. 

It will be understood that the further the es 
capement points on the same side of the support 
are Separated in a vertical plane, their distance 
from that Support in a horizontal plane being 
the same, the less the amplitude of vibration of 
the free end of the cantilever spring, and that 
On the other hand with increase of effective 
Separation from a Support in a horizontal plane, 
the vertical separation being the same, the great 
er the amplitude. Also, when the escapement 
consists of a construction having four points of 
contact, arranged in pairs, the members of eachi 
pair being disposed in a horizontal plane, separa 
tion of those planes results in less amplitude 
while increase of the separation of the points 
of a pair within its horizontal plane results in 
increased amplitude. 

In considering forms of our invention in Which 
a lower clamping point is relatively far removed 
from an upper point, as in Figures 3, 7 and 11, 
it should be noted that we sacrifice some hold 
ing or clamping force, according to the ordinary 
laws of leverage, but unless the weight of the 
load is unusually light this loss is not of in 
portance, provided the above qualifications are 
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met, notably that an unloaded spring does not 
slip at this point. Aibalance mist be maintained 
ibetween undue separation of escapement points 
on the same side of a support, with consequent 
failure to limit amplitude so that impact is not 
made while the spring is still powered by its 
inertia, and undue proximity which inhibits 
clamping at the end of cach piase of the Cycle, 
i. e., before the inertia of the free end of the 
spring is rexhausted. The latter fault causes 
unwanted and irregular slippage at an end of 
each phase while the former causes such slippage 
in the neutral or central portion of each phaSe 
both equally harmful to our results. 
Two simple criteria will determine an ideal 

escapement. First, a given spring without load 
should not skip, exceptreglarly and as Wanted in 
the neutral zone of each phase. Second, , al 
though the maximum Weight in...all cases must be 
below that which prevents the completion of the 
upward cycle, the ideal condition is one Wich 
results in the storage of amounts of energy which 
as nearly as possible are equal in each phase. 
As a matter of plactical operation in deter 

mining maximum but not necessarily an ideal 
load of a given motor, "We add Weight until the 
Spring just fails to : complete its upward phase. 
then we remove just enough Weight to permit 
its completion. With a given Spring and ar 
rangement of escapement pointS Such a Weight 
causes the slowest possible descent. It Will thus 
be seen that for a given Spring the limits are 
between an unloaded motor which does not slip 
at the ends of reach phase, which descends most 
rapidly, and a motor with the greatest load which 
it can carry to the CO::pletion of the upWard 
phase, which descends-nostislowly. The particu 
air use to Which We put our invention deter 
mines: what point we choose between these ex 
tremeS. 

Repeated tests of our device have proved that 
When all of the conditions stated herein are 
carefully followed, it operates With amazing ac 
curacy, and uniformity. There is no appreciable 
or in fact readily measurable difference, i1 tire 

( 

of falling of any given device in successive op 
erations. 
We have now illustrated our invention as 

carried-out Witha. Spring notor based uponta, leaf 
Spring embodying or carrying an escapement:and 
have fully explained certain constructions, steps 
and principles applying to the choice of Char 
acteristics for a leaf Spring and the construc 
tion and ope:8, tion of an escapement either for 
use With a helical or fiat spiring. There remain ; ; 
an illustration of our Spring motor made from 
a helical spring and a description of the steps 
and principles.io be applied to the choice of such 
a Spring. At this point it should again be 'em 
phasized that a helical spring, as a device for : 
storing power, is much more efficient than a fiat 
spring, and has the added advantage, when icon 
structed according to the principles of this in 
vention, of furnishing a simple, exact and effi 
cient means of providing regular and pre-coin- ; 
trolled bodily rotational descent about a cirgulia 
Support in addition to the primary vertical 
descent. 
‘Aspreviously-stated, a spring motor based upon 

a helical spring may be employed to tine the 
descent of: any load. "We are illustrating such a 
motor as applied to a simulated woodpecker 
which descends and bodily rotates about a circu 
lariSupportin closely perset oscillations, appear 
ing constantly to peck at the support. 3 

4. 
We shall first describe the external characteris 

tics of this toy and then our characteristic motor 
and escapement, and thereafter the physical prin 
ciples and formulae' which are involved. 
An upright. Support or post, shown in the form 

of a tube f : or a solid post fl' circular in cross 
Section (Figure 23) is mounted upon a horizontal 
block 2 which serves not only to hold the sup 
port vertical but also as a Sounding board for the 
noise which is characteristic of this form of our 
invention. In One embodiment which we have 
found inexpensive and particularly attractive the 
bird, consists of a body member generally indi 
catediaS 4:and made up of two plastic members 

5 and 6 which are placed together and joined 
by a projecting edge fill to form a ball. This 
edge:Simulates oratileast indicates swings. These 
balls do not need to be especially made for this 
device. We prefer to:use gay and different col 
Ors. A simulated tail 28 is preferably formed 
of flexible materialso that when the woodpecker 
On its downward travels reaches the base f2 the 
tail is bent upwardly so that the simulated bird 
may reach the Very end of its travels. A neck 
20 is merely a metallic tube or small wooden 
elongated cylinder which supports a triangular 
head 2, which is formed of wood, with a plume 
22. Each of the eyes of the woodpecker, of 
which only one is fully shown, consists of an 
annulus 23 havig Within it a disc 24 of...a color 
Strikingly different from that of the head of the 
bird and contained by a piece of cellulose acetate 
t;25 or the like. The forward portion or beak of 
this head terminates in an edge 27. 
The helical form of our spring motor and its 

embodied escapement, which as stated above, may 
be used to power not only this woodpecker, and 
other toys, as described above but any other object 
which it is desired to advance intermittently and 
regularly by force of gravity, will next be de 
Scribed. 
A helical Spring generally indicated as it 3-f 

forms the basis of this device. For purposes of 
illustration only and in the following formulae we 
are presenting this helical spring as having cer 
tain Specified characteristics but others may be 
Substituted in the manner which has been and 
is to be explained. We show a spring motor of 
fourteenactive.coils of an outside diameter minus 
Wire size of six hundred and twenty-five thou 
Sandths. The rate of this particular spring, as 
later defined, is ninety-one pounds per inch of 
deflection and the weight of active mass in the 
Spring runs to ninety-sixthousandths: of a pound. 
We later explain how these important factor's 
may be changed in order to secure desired results 
and the formulae and principles which (must be 
employed in So doing. 
We anchor the lear Ward end of this helix 

within the ball ti by attaching it to member 
if 5 thereof by a screw it:34 which passes through 
a Suitable opening in wall sit 5 and engages an 
opening 36 formed between resilient lips 3 
pressed from a 'speed nut' 33. See Figures 19, 

3, 20, 21 and 27. We pass the other or frontward 
or left end of helix 3 through an opening 40 
formed in member S. of ball ... ?. As Will be 
best seen from Figure 22 this opening has free 
spaces 4 and 42 above and below respectively 

, the point of energence of the helix but at the 
sides : 33 and 48 engages the helix fairly closely. 
This end of the Spring terminates in an escape 
ment loop #45 the angular relation of which to 
the body of the helix and the first coil 146 is 
inportant as will later appear. 
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... The foregoing arrangement of Opening 40 and 
the forward or escapement end of the helical 
spring will be clearly seen from Figure 22. Pro 
vision of the relatively large opening and 
42 above and below the leading coil 146 of the 
helix and the close restriction of the opening at 
the sides 43 and 44 is to make the escapement 
action possible. As the spring oscillates it is 
necessary to supply space for an up-and-down 
movement above and below the leading end of the 
spring but to prevent side sway by close restric 
tion. Limitation of this movement must be by 
engagement between the elements of the escape 
ment and the support, according to principles 
previously described. 
As also will be clearly noted from Figure 22 it 

is desirable that the extreme forward and front 
contacting loop 45 of the escapement be initially 
placed in a plane which intersects the longitu 
dinal axis of the helix and is also horizontal. 
As will be most clearly seen from Figures 12, 

16 and 17 of this specification this escapement 
provides a three point contact between the notor 
and the support. The outer portion 48 (left 
ward as seen in Figure 16 and rightWard as seen 
in Figure 17) of hook 45 provides contact on 
the side of support relatively distant from the 
bird. Points 49 and 50, upon the hook and first 
coil respectively, form two points of contact upon 
the other or near side. 
which only two are operative at one time, one 
on the left side of the post and one of the two 
on the right side contact are very important in 
the operation of the escapement as has been 
pointed out previously. It is to be noted that 
hook 65 has an open end 5, used in this Speci 
fication as a point of reference, and in portant 
in the operation of our device merely as prevent 
ing conflict or damping engagement between the 
loop and the first coil of the motor. 
We have now described a portion of Our Spring 

motor and embodied escapement which give to 
the device its regular and pre-set oscillation in 
its descent. After having described the means by 
which rotation is obtained we shall present the 
physical principles underlying the foregoing. 
The direction and rate of bodily rotation of the 

device are determined by (1) the angle between 
the portion of the escapement nearer the motor 
and the adjacent coil of the spring thereof, here 
inafter called the “escapement angle,'' (2) the 
relation between the damped and un-damped 
portions of the coils, and (3) the spacial relation 
between the side of which the coils are damped 
(or undamped) and the direction of opening of '' 
said escapement angle, all of which will be clear 
from a consideration of Figures i8, 19, 23, 24, 25 
and 26 and the following portion of this Specifi 
cation. The second and third factors are more 
important. “Rate of rotation' reflects the num 
ber of times the motor and its load encircles its 
support in a given distance. 
To secure desired rotational characteristics, 

therefore, we change this eScapement angle and 
also damp a portion or all of the coils on One 
side of the spring motor and leave the coils on 
the other side free to vibrate. Thus as will be 
seen in the figures ordinarily our spring motor 
takes a slightly arcuate form, the damped coils 
representing a shorter arc and the undamped 
coils a longer arc, indicated in Figures 18 and 19 
as 53 and 54 respectively. An exception is 
described in connection with Figure 27. 
The first factor is of least relative importance. 

These three points, of 
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The spring motor tends to rotate bodily into or 
toward this angle, thus placing this angle. On 
the trailing side. More important, however, is 
the positioning and extent of the damping of 
the coils. The tendency of rotation is a Way from 
the damped portion of the coils, the number of 
damped coils determining the rate of rotation. 
The increase of the rate of rotation of the motor 
as it descends, aside from increasing the 
escapement angle, depends Solely upon the nun 
ber of individual coils which are damped. So 
long as one coil is moved away from its adja 
cent coil far enough so that there is no damping 
no rotational effect is felt from that One coil. 
Then if one wishes to increase the rate of rota 
tion he merely damps additional coils. The ex 
tent of damping between the coils is immaterial 
so long as the freedom to vibrate between adja 
cent coils is prevented. 
The motors of Figures 23 and 24 are pre 

sented to illustrate this feature of our invention 
and for comparison with the motor of Figure 18. 
Motor 61 of Figure 23 consists of a series of 

coils 62 which are damped on their short arc 
63, as defined above, and free for unlimited 

vibration on the long arc f64. Forward coil 65 
is extended to form escapement 66 having open 
ing 6 and embracing solid post i. Angle 
i S8 between the escapement and the first coil 
will be noted as relatively large. Although this 
angle tends to cause rotation counterclockwise 
as in Figure i8 this effect is overbalanced by 
the damping of the coils upon that Side. Since 
the relation between the undamped and damped 
portions of the coil is more powerful than the 
size or position of the escapement angle the 
rotation in this case is clockwise, as indicated by 
the arrow. Motor 6 may be supported and 
mounted as previously described. It should be 
remembered that some damping is always neces 
sary to counterbalance the normal tendency of 
a helix composed of completely undamped coils 
to rotate bodily into the escapement angie. 

Figure 24 shows a motor as commonly built in 
accordance With this invention. With 2ertain of 
the coils damped and others free. Ordinarily it 
is not necessary to carry the damping throughout 
the entire spring. Motor 7 includes three series 
of coils of which series 2, most removed from 
the escapement, is damped upon one side, central 
series 73 with undamped coils and forward Series 
74 also damped. Escapement 5 embraces a 

post fl' and supplies an escapement angle 76. 
In this instance rotation is Counterclockwise as 
indicated by the arrow in the direction of the 
arrow and away from the opening 7. 

Figure 25, which is convenient for comparison 
with Figure 26, shows in fragmentary form a. 
motor 8 inciuding coils 8 terminating in an 
escapement loop 82 having a hook 83 and es 
capement angle 84 adjacent an outer loop 85. 
It is by increasing or diminishing this angle that 
one important factor of the tendency to rotate 
may be controlled, although as previously stated 
this angle is of less importance than the damp 
ing of the motor coils. 
In Figure 26 We show a portion of a Spring 

motor 90 designed to be entirely free of rota 
tion about the post and therefore...to descendiper 
pendicularly. Coils 9, a portion of those mak 
ing up the motor, are damped at 92. The re 
mainder of the coils 93, of which only two are 
shown, are free. Escapement 94 is as previously 
described except that escapement angle 95.is. 
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very slight. The slight tendency of angle 95 
to cause rotation in a counterclockwise direction 
is overcome by the tendency of damped coils 92 
to cause clockwise rotation. This combination of 
forces results in perpendicular descent. 

Figure 27 shows a convenient form of that em 
bodiment of our invention in which the motor 
and its load descends perpendicularly, as in Fig 
ure 26 and production is even further simplified. 
In this case a motor 2 ft is not damped by con 
tact of its coils but a similar effect is obtained. 
All coils 22 are free to vibrate, except those 
anchored at the end of the motor relatively dis 
tant from the escapement 24 and the one near 
est the escapement. The wire of the most dis 
tant coil 25 is cut off sharply at 26 at a right 
angle to its longitudinal axis and near the middle 
of the coil. It is anchored within a ball 27 as 
previously described by a "speed nut' 28 and 
screw 29. As this screw is tightened the cut 
off coil 25 causes the entire motor to be drawn 
slightly to the right and to form a closer con 
tact with the right end 220 of opening 22 than 
with the left end. This pressure as at point 22 
overcomes the tendency of escapement angle 222 
between the escapement and first coil 223 to 
cause the device to rotate in a counterclockwise 
direction. The two forces being equal the device 
descends without rotation. 
When use is made of a metallic or other Strong 

container for the motor, in place of a light ball 
as in the structure we use as illustrative, we 
have found it convenient in production to damp 
the coils by a method which is not illustrated but 
can readily be understood by reference to Figure 
27. When ball 27 is made of material of Suf 
ficient strength helix 2 is placed therein with 
the cut-off coil 25 well spaced from the con 
tainer and screw 29 tightened. This action 
draws the Spring, longitudinally considered, into 
the form of an arc and is a convenient method 
of forming a structure such as that shown for 
example in Figure 23, but with the curvature 
On the opposite side of the helix. 
In all forms of the invention the support or 

post should be formed of relatively hard metal 
So that its Surface is not pitted by the escape 
ment. Such lack of Smoothness upon the sur 
face interferes With Smooth operation and ac 
curate timing. Another precaution to be ob 
Served in Such embodiment of our invention as 
that of the Woodpecker toy just described is to 
make Sure that no part other than the contact 
points of the escapement engages the support 
and interferes with the Smooth operation of the 
escapement. For example if the beak of the 
Woodpecker engages the post slippage results 
because the beak then usurps the action of the 
upper right contact point but so far separated 
vertically from the plane of the opposite or left 
Ward point that clamping action is destroyed and 
the entire device slips and falls. 

In order to secure the full results of our in 
vention it is desirable carefully to determine and 
apply certain Critical factors to a helical spring, 
as Well as to its escapement, as previously ex 
plained in connection with a leaf spring. These 
factors may be determined Within Wide latitudes. 

It is first necessary to calculate the “spring 
rate,' which is the number of pounds required 
for each inch of deflection, as follows: 
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wherein: 
R=rate. 
P=load in pounds. 
F=deflection in inches. 

Unity is assumed. We have found a helical 
spring of a mean diameter of six hundred and 
twenty-five thousandths of an inch to be Con 
venient for the toy which we have just described, 
and with 14 active coils. The diameter of the 
wire which we employ in inches is .120. The 
modulus of steel wire is eleven million five hun 
dred thousand. 
The usual formula for deflection is, values used 

by us in the example described being inserted 
where appropriate: 

8PD3N F=ri 
wherein (with the above value) : 
F=deflection in inches. 
P=load in pounds (1.00). 
D=mean diameter of spring, i. e., Outside di 
ameter minus Wire size (.625'). 

N=number of active coils (14). 
G=modulus of the material in torsion, i. e. steel, 

11,500,000. 
d=wire diameter in inches (.120'). 
When the above stated factors are substituted: 
8X1. X (.625)X14 f F-1500,000X (120){ijoji=.011 (deflection with 1 lb.) 

Thus with an assumed Weight of unity the de 
flection in inches is .011. 
With this value established and by the use 

of the first formula cited above We Secure by 
the use of the following formula, a spring rate 
as follows in pounds per inch of deflection: 

P 1.00 
- F - 0 =91 pounds per inch 

Thus having learned that the spring rate is 
ninety-one pounds per inch and by this inser 
tion of the Weight of the Spring actually used 
in one example only of our invention by the 
application of Ricardo's formula, the following 
results are Secured: 

n=531R/W 
Wherein: 

n=complete number of free vibrations per min 
ute of the spring as vibrating in itself. 

R=rate of spring (91 pounds per inch of de 
flection). 

W=weight of active mass in the spring (.096 lb.). 
d=wire diameter (.120'). 
D=mean diameter (.625'). 
N=number of active coils (14). 
By the application of the above formula with 

a Substitution of known values it has been de 
termined that the spring in question has fre 
quency of 16,344 cycles per minute or 2722 per 
Second as follows: 

n = 531-W911.096=16,344 cycles per minute 
From the previous portion of this specifica 

tion it is evidenced that for various applications 
different inherent vibrational frequencies pre 
determined are desirable. By varying the 'R' 
and 'W' values in Ricardo's formula, any de 
Sired result can be readily obtained. 
We are aware that it has been proposed to 

use a leaf spring for purposes which have a 
slight superficial resemblance to ours. For ex 
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ample a toy woodpecker has been mounted upon 
a post by means of a leaf spring and descends 
“in a series of jerky movements.' The proposer 
goes on to say “There will be a tendency: of the 
bird to wobble sidewise.' Such jerking and Wob 
bling are very different from the pre-eontrolled 
and regular oscillations and "rotation made-pos 
sible by the present invention. 
Although many different applications mak 

ing use of a flat spring have proved the effec 
tiveness of our spring motors made upon that 
basis, for many purposes, particularly when a 
considerable load is to be carried, "We have found 
the relatively-greater efficiency per unit of metal 
of a helical spring very helpful. 
The advantages of our invention will have been 

apparent from the foregoing Specification and 
attached drawings, and reflected in the Sub 
joined claims. They include the provision of 
method and aeans whereby the force of gravity 
and resilience of a Spiring care utilized to carry: a 
load downwardly, and if desired rotationally, in 
a series; of fully predetermined and pre-timed in 
termittent steps. Ehley include the provision of 
an inpi'oved Spring-powered; notorienbodying.or 
Carrying: an eScapeinent. 
We cairn: 
1. in a device of the character described, - a 

generally Vertical Support, a cantilever. Spring, of 
which one end is free and the other end em 
bodies an eScapement, Said eScapement, consist 
ing of formations Spaced and separate from each 
other for mounting Said Spring, upon, Said Sup 
port for bodily descent therealong in regular in 
termittent. Inovements; and With its free end ex 
tending outWardly from said, support and free 
of contact therewith, two of said formations being 
engageable with one side of said support and, an 
other formation being engageable with a side of 
Said Support opposite that engaged by said two 
formations, the distance between said two for 
nations upon the Same: Side of said support, being 
at least one half, of the width of that portion of 
said Support disposed between said two forma 
tions, and said. other mentioned formation and 
Said Support and said escapement during all 
phases of each cycle of movement and rest being 
entirely free from engagement with each other 
except at the points of contact between said for 
mations and said support. 

2. In a device according to claim 1, the end of 
Said cantilever spring which embodies said es 
capement being formed with an opening for said 
support and then being bent first at substantially 
a right angle to the main body of said spring and 
thence-back toward said Support and With its end 
engageable with said support at a point spaced 
from the nain body of said spring, sides of said 
openings and said end thereby acting both as an 
escapement and as a nount for said spring for 
interianittent bodily, descentitherealong...in a series 
of regular intermittent movements, said end and 
the side of Said opening treatively, adjacent there 
to being engageable with said: support upon the 
Sane Side thereof. 

3. A device according to claim - wherein said 
eScape:Yent encircles Said support.and one of said 
two fortilations engageable with the same side of 
Said Support at said: distance is disposed above 
and the other is disposed below the plane of such 
encircleinent. 

4. in a device of the character described, a 
generally vertical support, a gravity-operated 
Spring motor including an escapement, said spring 
motor being formed of a leaf spring, said leaf 
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Spring being disposed with its flat sides in "gen 
erally horizontal planes, an end portion of said 
Spring being bent at substantially a right angle 
to the Inain body of the spring to formia first sex 
tension and then again bent back upon itself at 
right angles to said first extension in a direction 
parallel to the main body of said spring to form 
a. Second extension, Said main body and said sec 
Old extension each being formed with an opening 
for the reception of Said support, said 'openings 
being aligned, the peripheries of said openings' in 
said rillain portion and Said second extension 
thereby both acting as an escapement and also 
as a mount for said spring for bodily descent 
therealong in a series of regular intermittent 
movements. and with the free end of the spring 
extending a Way from the Said Support. 

5. In a device (of a character described, asgen 
erally vertical Support, a gravity operated: spring 
notor including: an escapement, Said spring motor 
being formed of a leaf spring, said eaf spring 
being disposed With its flat sides in generally hor 
izontal planes and one free end being disposed 
relatively distantly from said support, theiother 
end portion of Said Spring being...bentatisubstan 
tially a right angle:of the main body of the spring 
to form a first extension and then again bent 
back upon itself in the direction of Said free:end 
of Said Spring to form a second extension, said 
nain body; and saidsecond-extension each being 
formed. With an opening for the reception Coif.said 
Support, Said openings being aligned, the periph 
eries of Said openizags; in said main portion and 
said second extension thereof acting both casses 
capement and also as a mount for such springfor 
bodily, descent along: Said support in a series of 
regular interrinittent movements. 

6. In a timer, a generally upright: support, arid 
a gravity-operated Spring timing motor including 
an eScapement, said: Inotor including a cantilever 
leaf Spring free to vibrate at one end; and the 
other end of. Said Spring including said escape 
ment, Said eScapement having formations by 
which Said Spring may be mounted upon said 
Support near the top thereof for descent there 
along in...a, series: of pre-timed and regular inter 
mittent movements with the free end of said 
Spring extending-away, from Said, support, two of 
Said formations.engaging one-side of said support 
at Vertically Spaced-points and at least one engag 
ing.an. Opposite. Side, Calibrations upon said leaf 
Spring...at different distances from its point of at 
tachment to Said Support, a weight, and means 
for fixing said Weight to said spring in accord 
ance. With Said...calibrations. 

7. In a timer, a gravity-operated spring timing 
motor, a. Support therefor, a mount for:said sup 
port, Said mount including, means for maintain 
ing Said support in a vertical position and at a 
plurality of angles to the vertical, said motor 
comprising a caritilever Spring and an escape 
ment, Said escapement including a plurality of 
formations by which said cantilever spring may 
be mounted upon said support near the top there 
of for intermittent movement downwardly there 
along, two of Said formations being engageable 
with said support upon one side thereof at spaced 
points and another being engageable with the side 
of Said Support opposite to that which is engaged 
by Said two formations and the 'free end of said 
Spring extending away from said support, calibra 
tions upon 'Said Support, a stop movable along 
Said Support for limiting the downward travel of 
Said motor, means for fixing said stop to said 
Support in accordance with said calibrations, 
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calibrations upon said leaf spring at different 
distances from its point of attachment to Said 
Support, a Weight, and means for fixing Said 
Weight to Said Spring in accordance with Said 
calibrations. 

8. In a device of the character described, a 
generally vertical Support, a gravity-operated 
Spring motor including an escapement, said 
Spring motor being formed of a leaf Spring One 
end of which is free and the other end of Which 
includes escapement means for attaching Said 
motor to its Support at Substantially a right angle 
thereto and for intermittent bodily downward 
movement therealong, said attaching means in 
cluding tWO formations engageable with One Side 
of Said Support at a distance between the lines 
of engagement of Said two formations with Said 
One side of said Support no less than one half of 
the width of Said support in a direction along the 
long axis of Said Spring and another formation 20 
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engageable with said Support upon the side there 
of Opposite that engaged by said two formations, 
Said Support and said Spring motor during all 
portions of each cycle of movement and rest being 
entirely free from engagement with each other 
except at the points of contact between said 
formations and Said Support. 

ELSIE BREDIMUS. 
WARREN DUNHAM, FOSTER, 
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