Governors for Dials

One billion times a day thronghout the Bell Sys-
tem, a little mechanism, about the size of a bottle
cap, swings into action. It is the governor, the heart
of your telephone dial, regulating and restraining,
to control the run-down speed of the moving parts.
Why regulate and restrain? During run-down the
dial mechanism produces from one to ten interrup-
tions in the line current by the opening and closing
of a pair of contacts. In turn the pulses created in
the line give directions to central office switching
apparatus which then completes the call. By con-
trolling the run-down speed the governor keeps
the pulses uniform. The governor and pulsing ar-
rangement for the new 7-type dial mechanism used
in the 500-type telephone set are shown schemati-
ally in Figure 1.

If the pulses reaching the central office were ex-
In the photograph at the head of the page H. J.
Hershey attaches specimen material to friction
tester. Test results reveal a material's coefficient
of friction and resistance to wear — important
factors in the operation of governors.
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As a telephone dial “runs down® from its wound-
up position, the dial mechanism generates pulses
which operate relays at the telephone central
office. To compensate for pulse distortion dur-
ing transmission over the telephone line, the dial
pulses must be closely controlled in frequeney
and form. Thanks in part to a new type of gov-
ernor. which provides improved pulse control,
accurate dialing is obtainable over the consid-
erably longer transmission loops permitted by
the 500-type telephone sel.

actly like those generated by the dial, the designers
of dials and central office apparatus and circuits
would find themselves far less restricted. Unfortu-
nately the dial pulses are distorted by the electrical
characteristics of the customer’s loop. To compen-
sate for this distortion and insure accurate regis-
tration of the pulses at the central office, the dial
and central office equipment must be designed to
operate to close limits of performance. The designs
must also be such that there is negligible change
of adjustment due to use, time, or weather condi-
tions, which might affect the ability to accuratelv
send or receive dial pulses. The near-perfect per-
formance of dial teleph(me systems is due in no
small measure to the dependable job of the governor
in closely controlling the run-down speed of the
dial so that the pulses delivered at the central office
are of acceptable frequency and form.

The need for speed control was recognized in
a signaling transmitter patented in 1894 where “in
order that the motion may be regular and not too
rapid, the train has attached to its remote member
a fan necessary to obtain the desired speed of rota-
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Fig. 1— Simplified diagram of T-type dial mechanism:

governor appears top left,

tion.” In 1897, another patentee described the regu-
lation of his device by stating, "I employ the
atmospheric dash-pot to control the movements of
the spring contact fingers which otherwise might
be too rapid.” This was in turn followed in 1898
by a device having “parts returned to the normal
position, limited by an escapement mechanism to
a moderate rate of speed.” As indicated, the neces-
sity for speed regulation was well recognized in
these early devices, but the mechanisms emploved
for this pl.xrpr'asv were soon found to have undesira-
ble manufacturing and operating limitations.
Better control of speed was soon made available
by the application of centrifugal-friction governors
for controlling customer pulse-sending equipment.
The first centrifugal-friction governor app sared in
pulsing apparatus in 1906, and was used in the
first Bell System dial patented in 1915. The speed
controller used in the 5-type dial, standard for about
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the past fifteen years, Figure 2, is also a centrif ug:l]-
friction governor. Speed controllers of this t[i-'pc
generally involve two arms which constitute a “fly-
bar.” At the extreme ends there are pivoted weights
which are so moved by centrifugal force during ro-
tation that friction studs are brought into contact
with a stationary surtace, rf'sulting in friction that
retards rotation.

A continuing part of dial development has been
the provision of mechanisms capable of producing
puIS(-s timed suﬂicicntl_\’ to insure service over ever-
longer telephone lines or over smaller gauge cables.
Since the degree of timing is primarily dependent
on the action of the governor, it was recognized
that a general theoretical analysis for governors
would help in pointing the way to improved designs.
The late C. R. Moore investigated this problem in
the thirties, and derived from theoretical considera-
tions, general equations of motion relating to
governors. The relationships derived by the Moore
analysis are extremely useful in that they can be
used to indicate the influence of various design
factors on the performance of a governor.

In deriving the general equations of motion for
a governor, two assumptions are made concerning
the action. During the interval of time that the gov-
ernor is approaching the eritical velocity, w,, when
contact of the friction surfaces first oceurs, the mo-
tion is assumed to be that of a simple fly-wheel,
constantly accelerating. The angular velocity of
the governor during the time from rest to the critical
velocity, w,, is then given by

Gt
o
} i (1)
where G equals applied torque, t* equals time from
start of motion, and 1 ('qu;tl,\' moment of inertia of
the governor assembly about the shaft.

After stud-to-drum contact oceurs, it is assumed
that there is no further pivoting of the weights or
the fly-bar, and the assembly rotates as a rigid
body. During this time the general equation of
motion is in the form

{Irn
dt t 8o = b
which can be solved for the angular velocity, o, to
give
t .
w=—q tanh 3 + InyA (2)

where ¢ equals regulated or terminal angular veloe-
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ity, t equals time measured from moment of braking,
I equals design constant, and A equals design and
;ldjustnwnt constant,

This theory was applied in developing the gov-
ernor used in the T-type dial® for the 500-tvpe tele-
phone sett and has resulted in an improved
governor which controls the return speed of the
mechanism more accurately than in any previous
Bell System station dial.

Figure 3 shows a plot of these equations of mo-
tion for the new drive-bar tvpe governor used in
the 7-type dial. The curves show the theoretical
angular velocity of the governor at any time from
the moment of release. As indicated, the pulsc train
is designed to start well after the critical speed
has been reached. This avoids the objectionably
long pulse which would be formed while the gov-
ernor is gnth(’ring sp{'(’d‘

As shown in Figure 4, the weights of the new
governor are free to pivot at the ends of the fly-bar
which, in turn, is allowed to rotate with respect
to the shaft. Rotation is imparted to the svstem by
the drive-bar which presses against each weight
at a specific point. As the mechanism begins to ro-
tate during dial run-down, the two weights are
caused by centrifugal force to move outward against
the tension of a spring. Movement of the weights
about their pivots continues until the friction studs
touch the drum. At this instant governing begins,
and controls the dial speed until the end of the run-
down. The speed attained by the governor will be
dependent on the friction between the studs and
drum, the magnitude of the driving torque, and
the tension to which the spring of the governor has
been adjusted.

Since dials are used throughout the telephone
plant, it is necessary that they be capable of main-
taining the required rundown speed under the wide
variety of service conditions encountered. The gov-
ernor depends on stud friction in controlling the
Spt'(‘(l, and therefore c]mnges in the coeflicient of
friction between the stud and drum will affect the
degree of speed control. Also, the governor must
be able to respond to and compensate for changes
in the applied torque. Because of the different serv-
ice conditions encountered, friction and torque
vary from dial to dial and over the life of a dial.
For best dial pulse regulation, changes in the value
of these factors should have a minimum effect on
governor speed.

Each station dial is adjusted initially for speed
° REct )|ll;, May. 1952, page 211. ¥ Reconn, September, 1951,
page 414,
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Fig. 3 Equations for motion of T-type governor.
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Fig. 5 Pulsing rate versus coefficient of stud-to-

drum friction.

so that the contact springs will function at 10 +-0.5
pulses per second, a rate suitable for system-wide
application. At the time this speed adjustment is
made, a p:lrticnlar friction condition exists between
the governor studs and drum. At any subsequent
time, there is always the possibility of a change
occurring in this friction value. Such factors as very
high humidity, lubrication products traveling to
the stud operating region, or the accumulation of
foreign material or wear particles, may produce
different values of friction, and hence, result in
variations in governor and dial speed from the ini-
tially adjusted value. The change in pulsing rate
for the 7-type and 5-type dials resulting from
changes in stud-to-drum friction in the governors is
shown in Figure 5. Improved speed control is indi-
cated for the 7-type dial for all values of friction.
This has been brought about in part by operating
the new governor at increased terminal speed which

results in a higher centrifugal force.

The initial speed adjustment of the governor is
also dependent on the driving torque which in turn
depends on the efficiency of the dial mechanism at
the time of adjustment. Suhscqnuntly, this torque
will vary as the friction within the dial mechanism
varies. Initially, the mechanism is lubricated and
the moving members operate smoothly. During the
early life of the mechanism, the running-in process
may result in an increase in efficiency and a cor-
responding increase in torque on the governor. Over
a long period of time, however, the accumulation
of dirt and wear products may affect the mechanism
so that more torque is needed to drive the moving
parts. This results in a decrease in the torque going
to the governor, Fluctuations in torque must be
sufficiently compensated for by the governor to
maintain proper speed of the dial.

The governor must also be capable of maintain-
ing adequate speed when subjected to gross changes
in torque, such as that induced by the customer
when forcing the fingerwheel to shorten dialing
time. This habit of some customers can completely
dissipate the benefits derived from normal speed
regulation and cause faulty detection of the number
dialed. To forestall this arbitrary shortening of the
pulse, and the possibility of wrong numbers, the
governor should be capable of limiting the forced
rundown of the dial to a reasonable speed. The ef-
fect of changes in governor input torque on pulsing
rate for the T-type and 5-type governors is shown
in detail in Figure 7.
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Fig. 6 — As pivoted weight rotates
centrifugal force presses the stud
against the drum. Depending on
the direction of rotation the cen-
trifugal force is aided or opposed
by the torque produced by the
stud-to-drum  friction about the
pivot. In the 5-type governor, this
torque opposes the centrifugal
foree, hence reduces braking ac-
tion. In the T-type it aids the
centrifugal force, and thus strength-
ens the braking which is further
assisted by the torque produced
by the pressure of the drive bar
on the weight,
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The marked improvement in ability to compen-
sate for changes in input torque achieved for the
new drive-bar governor over the 5-type governor
results primarily from two considerations. First in
the 7—t}_-‘pu governor, the mechanism rotates oppusit(-:
in direction to that of the 5-type governor. As illus-
trated in Figure 6 this causes the braking action to
assist centrifugal force in keeping the friction studs
against the drum. Second, the centrifugal force is
aided still further by the driving force transmitted
to the assembly by the drive bar. This force pro-
duces a component acting about the weight pivot in
the same general direction as the centrifugal force
which also helps increase the braking action. Al-
sAough the governor and other dial parts are de-

w_‘nvd to have substantial margins for reliable per-
formance under heavy or .1bnnrm't] usage, long
continued or excessive forcing will almost certainly
result in rapid wear or breakage.

At the present time there are more than 30,000,-
000 dials in use throughout the Bell System. Current
production for new installations and replacement is
almost 4,000,000 dials per year. For production of
this magnitude, design of apparatus easily suited
for mass manufacture at low cost is obviously re-
quired. Through close cooperation with engineers
of the Western Electric Company, this has been
achieved to a very satisfactory extent for the new
governor, For example, the problem of close dimen-
sional tolerances required for proper action of the
drive bar and weights was solved by manufacturing
the parts of sintered powdered metal. This method
of manufacture, semi-automatic assembly and ma-

THE AUTHOR

chining of the friction studs, and simplified holding
of the governor assembly on the shaft have all con-
tributed to enable the new design to be produced
at favorable cost.

Experience with the drive-bar governor in T-type
dials shows that the performance of these dials
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Fig. T — Pulsing rate versus input torque.

under service conditions represents a material im-
provement over earlier designs. The response of the
dial to changes in friction between the governor
stud and drum is well within the design objective
and the compensation by the governor for changes
in applied torque is fully realized. Because of the
degree of speed control exercised by the drive-bar
governor, dialing over the longer telephone lines
permitted by the 500-type telephone set is satisfac-
torily achieved.
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After serving three years in the Army Air Corps,
WiLLiam Prerp attended Rutgers University, receiving
the B.S. degree in M.E. in 1947. He joined the Labora-
tories that year, later continuing his studies to receive
an M.S. degree in M.E. from Newark College of
Engineering in 1951 His time at the Laboratories has
been devoted to the design and development of the
station ringer for the 500-type telephone set and, more
recently, the dial mechanism for the same set. At
pl'esl?nt ]1(? i5 (_‘U“CCT"(_’(I \\'ith new (.'U]II'I (.'t)“(-?('tnr
development.
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