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UNITED STATES PATENT OFFICE 
PENDULUM CONSTRUCTION 

Herman F. Franke, Millvale, Pa., assignor to 
Westinghouse Air Brake Company, Wilmerding, 
Pa., a corporation of Pennsylvania, 

Application February 27, 1952, serial No. 273,733 
Claims. (Cl. 310-32) 

1 
My invention relates to pendulum construc 

tions and particularly to the construction of pen 
dulums suitable for electrical relays employed in 
code signaling systems using current which is 
coded by being periodically interrupted. 

In signaling Systems of the type here contem 
plated, electrical relays are used as code trans 
mitters or coders for periodically interrupting a 
current at a desired frequency or code rate. For 
example, in many railway signaling Systems dif 
ferent code rates selected from the range of 75 to 
240 interruptions per minute are used to refect 
different traffic conditions, a code transmitter 
being provided for interrupting the current at 
each of the different code rates used. 
The operating requirements for the code trans 

mitters of railway signaling Systems are exacting. 
In the first place continuous operation is gener 
ally required with little inspection and mainte 
nance. For example, these code transmitters are 
located at outlying points along a railway where 
they are inspected only as a maintainer makes 
trips over a given territory. Also, these code 
transmitters are energized from a local Source 
which is usually a battery and the transmitter is 
required to maintain a selected code rate of op 
eration. Within a very close range Over a relative 
ly wide voltage variation of the supply battery. 
Furthermore, each code cycle is divided into an 
on code period during which the contact is closed 
and current flows, and an off code period during 
which the contact is open and no current flows, 
and only a small variation in the predetermined 
off and on code periods can be tolerated because 
otherwise the code. distortion causes unsatisfac 
tory operation of the code following relays re 
Sponsive to the code. 
Code transmitters of the pendulum type are 

used extensively because of their reliable oper 
atting characteristics. However, it has been found 
that with the pendulum construction heretofore 
provided for code transmitters, a torsional vibra 
tion or so-called "Wobble' may develop in addi 
tion to the regular Swinging movement of the 
pendulum. This torsional vibration or “wobble' 
occurs about the longitudinal axis of the pendu 
lum and tends to Vary the on and off code periods, 
and in Severe conditions it may cause the pendul 
lum to stall. These torsional vibrations have been 
found to be most severe when the natural fre 
quency of vibration of the pendulum about its 
longitudinal axis happens to be a multiple of the 
normal swinging frequency of the pendulum. 
For example, in code transmitters of a construc 
tion having an extensive use in railway signal 
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2 
ing, and set for a code of 120 interruptions per 
minute, this wobble was found to be most pro 
nounced when the natural frequency of vibration 
of the pendulum about its longitudinal axis is 
600 oscillations perminute. 
The problem of avoiding this wobble in code 

transmitters of a pendulum electrical relay type 
has been given much study but as far as I am 
aware no satisfactory solution of the problem had 
been found prior to my invention. 
In view of the foregoing problem, an object of 

my invention is the provision of an improved pen 
dulum construction for electrical relays and 
whereby torsional vibration or wobble is avoided. 

Another object of my invention is the provision 
of a pendulum construction free from torsional 
vibration and which construction is relatively 
simple and economical to manufacture. 
Again, a feature of my invention is the pro 

vision of an improved torsional vibration damp 
ing means for pendulums of the type here in 
volved and which damping means can be readily 
applied to the pendulums of code transmitters al 
ready in service. 
Other features, objects and advantages of my 

invention Will appear as the specification pro 
greSSeS. 

Specifically, my invention relates to an im 
proved pendulum construction for a code trans 
mitter relay similar to that described in Letters 
Patent of the United States No. 2,285,890, granted 
to Herman G. Blosser June 9, 1942, for Stationary 
Contact. 

I shall describe certain forms of a pendulum 
construction embodying my invention, and shall 
then point out the novel features thereof in 
claims. ; : In the accompanying drawings, Fig. 1 is a top 
plan view showing an electrical relay having the 
pendulum construction embodying my inven 
tion. Fig. 2 is a side elevational view of the re 
lay of Fig.1, certain of the parts being shown in 
Section. Fig. 3 is an elevational view of the re 
lay of Fig. 1 taken Substantially on the line III 
III of Fig. 1 and showing certain of the parts in 
Section. FigS. 4 and 5 are front and side views, 
respectively, showing a pendulum construction 
used in the relay of Figs. 1, 2 and 3, and which 
Construction embodies my invention. Figs. 6 and 
7 are front and Side views, respectively, showing 
another form of pendulum construction that may 
be used for the relay of Figs. 1, 2 and 3, and which 
construction also embodies my invention. Fig. 8 
is a Schematic view showing means that may be 
used for energizing the relay of Figs. 1, 2 and 3. 
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Fig. 9 is a view illustrating operating characteris 
tics of the pendulum construction embodying my 
invention, 

In each of the Several Views, like reference 
characters are used to designate similar parts. 

Referring first to FigS. 1, 2 and 3, a pendulum 
relay of the type here involved includes a top 
plate of insulating material, a nonmagnetic 
frame 2, a metal base plate 3, and a transparent 
glass cylinder 4. 
The top plate is preferably of a molded insu 

lating material formed with openings suitable 
for the mounting of terminal posts therein, as 
Will be apparent from an inspection of the draw 
ligS. 
Frame 2 is an inverted U-shaped nonmag 

netic member comprising two vertically disposed 
plates 2d. and 2b spaced apart and terminating 
at their upper ends in Spaced parallel arms 2c 
and 2d Which form an opening through which 
certain parts of the relay can be viewed for in 
Spection. Horizontal bal's 6 are secured to the 
lower ends of the plates 2a and 2b by screws 7, 
and extending between the bars 6 at their oppo 
Site ends are spacing rods 8, held in place by 
screws 9, the screws 9 extending through clear 
ance holes in the plates 2a and 2b and the bars 
6 and Screwed into tapped holes formed in the 
ends of the Spacing rods 8. 
The frame 2 is suspended from the top plate 

by screws 5 extending through holes moided in 
the top plate and Screwed into tapped holes in 
the upper ends of the frame 2. 
The base plate 3 is of Suitable material and 

is adapted to be secured to the frame 2 by means 
of Screws fo Screwed into tapped holes formed 
in the bars 6. The top plate and base plate 3 
are fitted to the opposite ends of the glass cylin 
der 4 when the frame 2 is secured to the top 
plate and the base plate 3 is secured to the bars 
6 on the frame 2 in the manner eXplained above, 
gaskets and 2 being interposed between the 
top and base plates and the ends of the cylinder 
and thereby sealing the interior of the cylindel 
against the entry of dirt and moisture, 
The code transmitter or relay includes a con 

tact Spring support 3 of insulating material and 
which is suspended from the top plate for 
swinging movement between two extreme posi 
tions by means of two flexible strips f4 and 5 
one at each end of the support and only strip 4 
being shown in Fig. 3. The upper ends of the 
strips f4 and 5 are secured to the lower ends of 
terminal posts 6 and 7, respectively, aS by 
rivets. The lower ends of the strips f4 and 5 
are secured to the support 3 by means of bolts 
i8 and 32, and spacer 3. Hence the Support 3 
can swing between two extreme positions due to 
the flexibility of the strips 4 and 5 by which 
it is Suspended. 
A plurality of flexible contact fingers are 

mounted on the support 3. For example, a pair 
of contact fingers 20 and 2 each with a Spring 
stop 24, are mounted one on each Side of the Sup 
port by a bolt 18 and a spacer 3. These contact 
fingers 20 and 2 are mounted in Vertical grooves 
in the support 3 and spacer 3 to maintain a 
vertical position of the contact fingers. The 
contact fingers 20 and 2 are electrically con 
nected by the bolt 8 for reasons to appear here 
inafter. The two contact fingers 20 and 2 co 
operate with a pair of fixed contact members 22 
and 23, respectively, and thereby form two sets 
of contacts 20-22 and 2-23. The fixed con 
tact members 22 and 23 are adjustably Secured 
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4. 
to the extensions of corresponding terminal 
posts 22a and 23d mounted in the top plate . 
It follows that these contacts 20-22 and 21-23 
can be adjusted to be alternately opened and 
closed as desired when the support 3 is swung 
between its two extreme positions. 

Additional contact fingers similar to contact 
fingers 20 and 2 are mounted on the support 3 
and made to cooperate with fixed contact mem 
bers similar to the contact members 22 and 23. 
These additional contact fingers and contact 
members are connected to individual terminal 
posts mounted in the top plate and thus pro 
vide contacts that are opened and closed by the 
Swinging movement of the support f3. 
The relay or code transmitter includes a motor 

means for Swinging the Support 3 between its 
extreme positions and thereby alternately open 
ing and closing the associated contacts. The 
motor means comprises an electromagnet 25 
having an armature 26 which is operatively con 
nected to the support 3 by a pendulum P. The 
electromagnet 25 includes a Winding 27 mounted 
on a magnetic core having pole pieces 28a and 
28b which are secured by Screws 29 to the plates 
2d and 2b of the frame 2. The free ends of the 
pole pieces cooperate with the armature which is 
attached to the lower end of the pendulum P, the 
construction of Which pendulum embodies my 
invention. This pendulum construction can be 
according to that disclosed in Figs. 4 and 5 or 
that disclosed in Figs. 6 and 7. 

Referring first to Figs. 4 and 5, the pendulum 
P includes an operating arm consisting of a flat 
strip 30, the upper end of which is secured to the 
support 3 by a bolt 8 and two screws 32 and 
a spacer 3f. Preferably, two reinforcement 
springs 34 and 35, one on each side of the arm 
30 are included in the mounting of the arm to 
the support to provide stiffness for the arm 30, 
but these reinforcement Springs 34 and 35 may 
not be required. The armature 26 and a Weight 
36 are secured to the lower end of the arm 30 by 
rivets 37 and 38. Also, an armature extension 
piece 39 of magnetic material is secured to the 
armature 26 by bolts 40 and 4, small additional 
weights 42 and 43 being also attached to the 
armature. 26 by the bolts 40 and 4, as required 
fortuning to the correct code frequency. 

Normally, that is, when the electromagnet 25 
of the code transmitter is deenergized, the 
pendulum P is suspended in a vertical position 
and is free to be swung at right angles to the 
width of the arm 30 and when thus SWung it 
causes the spring Support 3 to be swung be 
tween its two extreme positions. Looking at Fig. 
8, there is shown a circuit which may be used 
for operating the code transmitter. Normally, 
that is, when the pendulum P occupies its verti 
cal position, the two contacts 20-22 and 2-23 
are adjusted to be closed and hence when the 
control switch S is closed, current is Supplied 
from a battery 44 to the winding 27 of the elec 
tromagnet and the armature 26 is attracted by 
the magnetic field set up at the pole pieces of 
the electromagnet. When the armature is first 
attracted it is pulled in between the pole pieces 
28d, and 28b and thereby causes the pendulum P 
and in turn the Support 3 to be swung in a cor 
responding direction which is clockwise as 
viewed in Fig. 3. This movement of the contact 
support 3 causes the contact 2-23 to open 
and interrupt the Supply of current to the wind 
ing 27. The pendulum will continue its move 
ment due to its kinetic energy until the force is 
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overcome by the tension on the contact finger 
mounted on the support 3 and by gravity. This 
causes the pendulum to reverse and Swing coun 
terclockwise. During this movement the contact 
2-23 is reclosed but due to the inductance of 
the winding 27 the magnetic field builds up rela 
tively slow and the pendulum swings to a reverse 
position where the contact 20-22 is open to again 
interrupt the circuit for the winding 21. Then, 
the pendulum again swings toward the vertical 
position and the two contacts 20-22 and 2?-23 
are closed, so that the electromagnet is again 
energized to attract the armature and repeat the 
above operating cycle. The parts are propor 
tioned as to the length, width, and thickness of 
the pendulum arm 30 and the weight of the 
armature 26 and size of the additional Weights 
36, 42 and 43, so that the pendulum SWings at a 
predetermined code rate. 
The pendulum P as thus far constructed is 

susceptible to torsional vibration or Wobble about 
the axis X-X, illustrated by a dotted line in 
Fig. 5 and which wobble as explained hereinbe 
fore is undesirable and may cause unsatisfac 
tory operation of the code transmitter, particu 
larly when the amplitude of torsional vibration 
becomes so great as to cause mechanical inter 
ference between extension 39 and pole pieces 28. 
As shown in Figs. 4 and 5, I include a right 

hand and a left-hand damping Spring or men 
bers 45 and 46, respectively, in the construction 
of the pendulum. P. These damping Springs 45 
and 46 are of a relatively thin flexible material 
having a width which preferably is Substantially 
the same as the width of the arm. 30. The Springs 
are of a suitable length and preferably the length 
is selected so as not to exceed one-half the length 
of the arm. 30. The length of the damping 
springs 45 and 46 is not critical. The Springs are 
laid one along one side of the arm 30 and the 
other along the other side of the arm 30 adja 
cent the lower end of the arm. The Spring 45 
is formed with an offset at its lower end and is 
inserted betWen the weight 36 and the weight 
43, the spring 45 having formed thereon two 
ears 47 and 48 which fit over the boltS 40 and 
4 and thus center the spring to make Sure that 
it aligns with the arm. 30. Similarly, the Spring 
46 is formed with an offset which is inserted in 
between the armature 26 and the weight 42 and 
is centered by the ears fitting over the bolts 40 
and 4. It follows that the lower ends of the 
two damping springs are secured to the lower 
end of the arm 30 of the pendulum but that the 
upper ends are free. The springs 45 and 46 are 
formed so that they lie along the side of the 
arm 3C with little or no pressure except a slight 
pressure at the upper end of the Spring against 
the arm 30 may be helpful. As thus constructed 
and applied to the pendulum P these damping 
Springs exert littie or no pressure on the airn 30 
and do not appreciably affect the code rate of 
the Swinging movement of the pendulum. 
have found, however, that these damping Springs 
do exert a damping effect tending to minimize 
or eliminate the torsional vibration of the arm 
about its longitudinal axis, that is, about the axis 
indicated by the dotted line X-X of Fig. 5. 
In Fig. 9, this damping effect produced by the 

damping Springs 45 and 46 is illustrated, Fig. 9 
being a view taken on a line Y-Y of FigS. 5 and 
7. The arm 30 and the damping springs 45 and 
46 are shown in section and the movement of 
the Springs 45 and 46 with respect to the surfaces 
of the arm 30 is somewhat enlarged as an aid in 
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the understanding of the action. A torsional 
vibration of the arm 30 about the axis X-X, 
counterclockwise as viewed in Fig. 9, tends to 
tilt the damping springs 45 and 46 to the posi 
tion illustrated by the solid lines in Fig. 9 and 
form air pockets between the inner surfaces of 
the springs and the surfaces of the arm 30 as the 
arm vibrates. Similarly, the torsional vibration 
of the arm clockwise as viewed in Fig. 9 tends to 
tilt the damping springs to the position illus 
trated by the dotted lines in Fig. 9 and in which 
position air pockets between the surfaces of the 
springs and the adjacent surfaces of the arm 30 
are formed. These air pockets tend to damp this 
torsional vibration or wobble of the armature 
because of friction between members 30, 45 and 
46, and the air which is continually filling and 
emptying from these pockets. I have found that 
with the pendulum thus constructed to include 
these damping springs, torsional vibration or 
wobble of the penduluin is substantially elim 
inated without affecting in any way the Swinging 
movement of the pendulum, 

It is clear that with the damping springs 45 
ande 46 formed in the manner shown in FigS. 4 
and 5, they can be applied to a pendulum of a 
code transmitter in service by loosening the bolts 
40 and 4 of the pendulum, Slipping the lower 
ends of the damping Springs in place and then 
tightening the bolt. 
In Figs. 6 and 7, the pendulum construction 

is the Saline as that ShoWn in Figs. 4 and 5 ex 
cept for the damping Springs. In FigS. 6 and 7, 
the damping springs 45d and 46a are the same 
as the damping Springs of FigS. 4 and 5 except 
that they are not provided with an offset at the 
lower end. The damping springs 45d and 46a 
are Secured to the lower end of the pendulum 
arm 30 by the rivets 37 and 38 which secure 
the armature 26 and Weight 36 to the arm 30, the 
damping spring 45a being inserted between the 
weight 36 and the arm 30 and the spring 46a 
being inserted between the armature 26 and the 
arm. 30. It is clear that the damping springs 45a 
and 46a will eliminate the wobble of the pendu 
lum about its longitudinal axis X-X in the 
Same manner as the damping springs provided 
for the pendulum of Figs. 4 and 5. 
The damping Springs shown in Figs, 6 and 7 

are preferred when the damping springs are ap 
plied during the manufacture of a code trans 
mitter and before it has been put into service 
and the damping springs as provided in the 
pendulum construction of Figs. 4 and 5 are pre 
ferred. When they are to be applied to a code 
transmitter already in use. 
While I prefer to use a pair of damping springs 

in each pendulum construction, a single damp 
ing Spring may be sufficient to eliminate the tor 
Sional vibration or wobble of the pendulum and 
in that case one of the damping springs can be 
Omitted. 
Although I have herein shown and described 

only certain forms of pendulum constructions 
embodying my invention, it is understood that 
Various changes and modifications may be made 
therein. Within the scope of the appended claims 
Without departing from the spirit and scope of 
my invention, 
Having thus described my invention, what I 

claim is: 
1. In a code transmitter of the pendulum elec 

trical relay type, a pendulum comprising, a flat 
arm of a selected length and width, means at 
tached to One end of Said arm to suspend the arm 
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in a vertical position free to swing in a plane at 
right angles to the width of the arm, an arma 
ture of magnetic material attached to the lower 
end of said arm, said armature being susceptible 
to recurrent magnetic attraction for Swinging 
said arm, a pair of damping Springs, each Said 
damping Spring having a width. Substantially 
equal to the width of said arm and of a length 
Selected of the Order of one half the length of 
Said arm, each said damping Spring having an 
end Secured to the lower end of Said arm, and 
Said Springs extending one up along One side of 
the arm and the other extending up along the 
other side of said arm. 

2. In a code transmitter of the pendulum elec 
trical relay type, a pendulum comprising, a fiat 
arm of a selected length and width, means at 
tached to one end of Said arm to suspend the 
artin in a Veltical position for a SWinging move 
ment at right angles to the width of the arm, an 
almature of magnetic material attached to the 
lower end of Said arm, said al'mature being sus 
ceptible to magnetic attraction to SWing Said arm 
in a given direction from its vertical position, 
Said arm SWinging at a selected code rate when 
the armature is intermittently attracted at a 
rate corresponding to Said code late, a pair of 
damping springs of flexible material, each said 
spring of a width substantially equal to the width 
of Said alm, each said spring having one end 
Secured to the lower end of the arm and the two 
Springs extending One up along one side of the 
arm and the other Spring up along the other side 
of the arm, and said Springs having a length of 
the Ordel of One half the length of said arm. 

3. In a code transmitter of the pendulum elec 
trical relay type, a pendulum comprising an arm 
of a Selected gauge, . width and length; means 
attached to one end of said arm to suspend the 
arm in a vertical position for Swinging movement 
at right angles to the width of the arm, an arma 
ture attached to the arm, said almature being 
Susceptible to magnetic attlaction to swing the 
arm in a given direction from its vertical position, 
Said alm SWinging at a given code rate When said 
armature is recurrently attracted at said code 
rate, said arm being susceptible to torsional vi 
blation about its longitudinal axis, a pair of 
damping Springs of a flexible material, each 
Spring of a width substantially equal to the width 
of Said alm and of a length selected of the order 
of one half the length of Said arm, said springs 
laid one along One side of said arm and the other 
along the other side of the arm with their 
lower ends secured to the lower end of said arm, 
Whereby air pockets are formed beween the ad 
jacent surfaces of the Springs and arm and tor 
Sional vibration of said arm avoided. 

4. In combination with a pendulum having a 
flat arm Which is Suspended at one end for Swing 
ing movement at right angles to its width and 
which pendulum is susceptible to torsional vibra 
tion about the longitudinal axis of its arm, of 
means to eliminate torsional vibration, said 
neans comprising a pair of damping springs 
notinted one on each flat Side of the arm. With 
their lower ends secured to the lower end of the 
arm, each Said damping Spring being relatively 
thin and of Substantially the same width as said 
arm and of a length of the order of one half the 
length of the arm. 

5. In combination with a pendulum having a 
flexible flat arm of a given width and length and 
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8 
which are is suspended at one end for Swinging 
movement in a plane at right angles to the width 
Of the arm, and having an almature Secured to 
the lower end of said arm for swinging the pen 
dulum at a selected code rate in response to mag 
netic attraction recurrently applied to the arma 
ture and which pendulum has an inherent ten 
dency to torsionally vibrate about the longitudinal 
axis of Said arm, of means to avoid such torsional 
vibration, said means comprising a pair of damp 
ing SpringS mounted One on each flat side of 
the arm with their lower ends secured to the lower 
end of the arm, each said damping Spring being 
relatively thin and of a width substantially equal 
to the Width of Said arm and of a length which 
is approximately one half the length of said arm, 
Said Springs laid along the sides of the arm with 
Substantially no pressure exerted against the arm 
and tending to form air pockets between the sur 
face of each Spring and the adjacent surface of 
Said arm When said arm vibrates abouts its longi 
tudinal axis. 

6. In combination with a pendulum having a 
flexible flat arm of a given width and length and 
which arm is suspended at one end for Swinging 
in ovement in a plaine at right angles to the width 
of the arm, and having an armature secured to 
the lower end of said arm for swinging the 
pendulum at a Selected code rate in response to 
magnetic attraction recurrently applied to the 
armature and which pendulum has an inherent 
tendency to torsionally vibrate about the longi 
tudinal axis of Said arm, of means to avoid such 
torsional vibration, said means including a flex 

5 ible damping member which has a width selected 
not to exceed the width of said arm and a length 
Selected not to exceed one half the length of the 
arlin, and Said member mounted on one side of 
the arm with its lower end Secured to the lower 
end of the arm and adjusted to exert substan 
tially no pressure against the arm. 

7. In combination with a pendulum having a 
flexible flat arm of a given width and length and 
Which arm is Suspended at one end for swinging 
movement in a plane at right angles to the Width 
of the arm, and having an armature secured to 
the lower end cf said arm for swinging the pen 
dulum at a Selected code rate in response to 
magnetic attraction recurrently applied to the 
almature and which pendulum has an inherent 
tendency to torsionally vibrate about the longi 
tudinal axis of Said arm, of means to avoid such 
torsional vibration, said means comprising a pair 
of flexible damping strips mounted one on each 
flat Side of the arm adjacent the lower end of the 
arm, Said strips having a width selected not to 
exceed the Width of the arm and a length selected 
for the upper end of the strips to be approximate 
ly at the midpoint of the arm, said strips having 
their lower ends secured to the lower end of the 
alm and formed to lie along the arm with little 
or no pressure between the arm and the strips. 
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