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To all whom it muay concern:

Be it known that I, IIERMAN HOLLERITH,
of the city of New York, and State of New
York, have invented a certain new and use-
ful Improvement in Integrating Apparatus,
of which the following is a full, clear, and
exact description, reference being had to the
accompanying drawings, forming part of this
specification.

My invention relates to an apparatus for
automatically integrating and vegistering the
performance of various descriptions of meas-
uring and indicating devices, and is applica-
ble to any device or indicator wherein a va-
riation in the rate, quantity, or strength of the
flowof a currentthrough the deviceis denoted
by or causes a definite, although not neces-
sarily a proportional, variation in the move-
mentof thedevice or some part thereof—such,
for instance, as an index-arm.

Under this general description of the appa-
ratus to which my invention may be applied,
and which may be designated generically by
the term “rate-indicators,” may beclassed de-
vices for indicating the rateof flow of steam,
gas, water, electricity, and other fluids. Tor
instance, it is well known that in numerous
electrical devices the rate at which the cur-
rent is flowing through the apparatus is in-

dicated by the position of an index-arm or
pointer. Such an apparatus may therefore

be called an “electric rate-indicator.” Indica-
tors for determining the rate of flow of a cur-
rent or volume of steam have long been in
use. One special type thereof is constructed
with proper inlet and outlet valves and with
an internal piston-valve which controls the
area of an oiifice through which the steam

passes. When no steam is passing through
theindicator, the orifice is entirely closed; but

when steam i$ admitted by opening the inlet
and outlet valves the pressure of the steam
causes the internal piston-valve to rise and
uncover the orifice. As the demand abates
the valve falls automatically, reducing the
area of the orifice, and when the demand in-
creases the valve automatically rises and the
area of the orifice is increased sufficiently to
pass the requisite quantity of steam to sup-
ply the increased demand. This indicatoris
so constructed that there will always be a
constant difference of pressure between the

induetion and eduction passagesof the appa-
ratus. Consequently the steam will always
pass through the orifice under a -constant
Jread, and the rate at whieh it is flowing will
always be indicated by the position of an in-
dex or arm connecied with the valve which
governs the size of the orifice. Another form
of steam-rate indicator is provided with a
diaphragm furnished with an orifice of fixed
size, through which the steam passes nunder
a constant initial pressure. In this form of
indieator the position of an index or arm is
varied by different rates of flow correspond-
ing to varying differences of pressure on the
induction and eduction sides of the orifice.
With any rate-indicator, whether of the
particular deseriptions just referred to or of
the general class first named, by determining
the position of an index indicating the rate
of flow through the instrument periodically
at short intervals, determining therefrom the
corresponding rate of flow and integrating
the results, an average rate will be obtained,
from which the total flow in a given time can
he computed. In practical operation, how-
ever, it is impossible to determine the differ-
ent positions of the index by actual observa-
tion, because of the frequency and regularity
with which the readings must be made, and
the object of my invention is to provide an
apparatus whereby the total flow through a
rate-indieator will he automatically deter-

“mined; and it consists, generally, in a deviee

provided with what I have fermed herein a
“contact-surface,” such surface being shaped
to correspond with the curve representing the
different rates, or, as I have ecalled it, “the
law of the rate-indicator,” and of mechanism
adapted to traverse such contact-surface,
periodically or at regular intervals, along that
ordinate of the curve which corresponds with
or represents the rate of flow through the in-
dicator while said surface and its traversing
mechanism are in contact.

Tt consists, further, of registering mechan-
ism adapted to be actuated by such travers-
ing mechanism or while it is in contact with
said surface; and it consists, further, of the
novel details of construction and arrange-
ment and combination of parts hereinafter

“set forth.

In the drawings, Figure 1 is a view in ele-
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vation and partly in section of my device.
Fig. 2 is a plan view thereof, and Fig. 3 is a
detail view showing a modified construction
of the contact-surface and traversing-wheel.
Similar letters of rveference are used fo in-
dicate corresponding parts in all the views.
Within a suitable frame-work or casing A
is journaled the shaft I3, careying the drum
or eylinder C. The drum C is provided with
a contact-surface €/, which in the drawings is
shown as raised above the smiface of the drum
itself. Thigcontact-surfaceis shaped to corre-
spond with the curve vepresenting the differ-
entrates of flow through the rate-indicator. A
coil-spring D, mounted on the arbor 1, drives
the drum-actuating gears e ¢/, the latter of
which meshes with a pinion b onshaft 3. A
lateh It is supported on a pivol at fatoneside
ofthe drmm, andisadapted toengage normally
witha projection 77 on the dvum €. A clock-
movement: (+ is located, by preference, within
the easing ad jacent to the drum C, and a wheel
gscontrolled thereby,is caused torevolve con-
tinwously ataregularrateof speed, thus bring-
ing the spur ¢/, carried by said wheel, peri-
odically into contact with the projection 72
on the lower end of lateh I, whereby the lat-
ter is tripped at regular predetermined inter-
vals and released from its engagement with
the projection #7, thus permitting the drum
C to be revolved quickly on its axis in the
direetion shown Dby the arvow under the ac-
tion of the coil-spring T and intermediate
gearing.  Lugs or ears ¢ projecting from the
frame of the clock-work, serve to support the
lateh I, and & suitable spring 72 tends to
press the upper end of the lateh toward the
drum €, so that after being released from en-
gagement with the projection f7 it will fly
back into the path of said projection Dhefore
the revolution of the drum C is completed,
thus arresting the movement of the drum
npon the completion of one revolution.
Within the casing A, and parallel with the
axis of dram C, is journaled the spindle I, on
which is mounted the wheel I They are con-
nected with each other by a spline or feather
hy so that the spindle will be revolved by the
rotation of the wheel, while the latter is free
to be moved aleng the formerin the direction

of its length. A pinion Jis keyed to one end
of the spindle 11, outside the main frame A,

and meshes with and operates the dial-train
447 and dial-hands 1 & /.

The hub of wheel Tis swiveled in a collar
or sleeve 4, mounted on the end of the index
arm or lever I, and the wheel T is moved up
or down on the spindle I at cach movement
of the index-arm I..  Thisindex-arm is suita-
bly econnceted with the rate-indicator, and its
movement or position, and consequently the
position of wheel I velatively to the contact-
surface <, will corvespond at all times with
the rate of flow through the rate-indicator,
When no carrent is passing through the indi-
cator, thewheel Twill bein the position shewn
in Fig. 1, and when the flow ig at its maxi-

mum the wheel will be in a position opposite
the Tower portion of the confact-surface, as
shown by the dotted lines, Ifig. 1. When the
wheel T is in the position shown by the _'(_‘ull
lines in Iig. 1, if the drum C be revolved no
portion of its swrlace will come in contact
with the wheel, which witl remain stationary
during the votation of the dram; but the drum
and spindle are so placed rvelatively to each
other that if the wheel T is lowered by the
movement of the index-arm, then, when the
drvum C revolves, the raised or contact surface
C7 will engage with the periphery of thewheel
I, thereby rotating it while such contact-sur-
face is passing under i, the extent of the ro-
tation depending on the length of the ordinate
of the curve which is traversed by the wheel,
and therefore upon the position of the wheel
I as determined by the position of the index-
arnm.  To insure suflicient frietion between
the contact-surface 7 and the wheel T, the
periphery of the latter may be made concave
and fitted with a round rubber ring or tire,
or the contact-surface ( may bhe serrated in
lines parallel with the axis of the drum and
the periphiery of the wheel T provided with
teeth which will mesh with the serrated por-
tion of the drum, as shown in Mg, 3.

As stated, the shape or contouy of the con-
tact-surface Cis made to correspond with the
curve representing the different rates of flow
or law of the rate-indicator. This curve is
determined by passing a currvent through the
indicator at a given rate, determined by a
standard instrument, and noting the position
of the index-arm; then at another rate and
another, and so on until each rate of flow for
each desirved position of the index-arm is de-
termined. Then a point corresponding to
cach positionol the index-arm is laid out upon
a base-line, and from each pointon such hase-
line an ordinate is laid out, the length of which
corresponds with the rate of flow through the
indicator when the index-arm is in the posi-
tion coresponding with the position of such
ordinate. Ifrom these ordinates a curveis con-
structed,which represents what T have termaed
herein “the law of the rate-indieator,” aud
the contact-surface (is shaped to correspond
with this curve or, rather, with the area in-
cluded within the base-line and the enrve.
The wheel T is arvanged so that when a cur-
rent is passing through the indicator at a
given rate the wheel will traverse that por-

i tion of the contact-surlace which corresponds

with the ordinate representing the vate of flow
for that particular position of the index-arm.

The main frame-work Aissuitably attached
to the rate-indieator, orotherwise mainfained
in position, and the dial-train is inelosed
within a shell or auxiliary easing 57, upon
which the dials may be enameled or other-
wise afflixed.

The operation of my invention will now be
readily understood. The elock-train G hav-

ing been areanged (o trip the Tafeh If at regn-
Iar intervals, at the proper instant the (e
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C is released, and, under the action of the
coil-spring D, makes one revolution. quiekly
and is then arrested by the lateh F, the upper
end of which has in the meantime fallen into
the path of the stop f”, attached to the drum.
At'theexpiration of the predetermined inter-
val, which is of such duration as may be found
desirable—say, for instance, five minutes or
ten minutes—the drum is again permitted to
revolve as before, the revolutions being con-
tinued at regular intervals or periodically
while the apparatus is in operation, the
springs which actuate the drum and clock-
train being rewound before they run com-
pletely down, so that their action is continu-
ous. When nocurrentis flowing through the
indieator, as before stated, thewheel T will not
be-rotated by the revolution of the drum, and
consequently the dial or registering train will
not be actuated thereby; but as soon as a
current begins to flow through the indicator
the index-arm will be actuated thereby, and
the positions of drum Cand wheel I relatively
to each other having been properly arranged
for, the movement of the index-arm will move
the wheel I along the spindle II to a pointop-
posite the ordinate of the contact-surface ¢/,
which represents the rate at which the cur-
rentis then flowing through the indicator. The
revolution of the drum will now bring the
contact-surface €’ into engagement with the
wheel T and will cause it to rotate while such
contact-surfaceis passingunderit. Aslongas

the flow through the indicator continues each |

revolution of the drum C will rotate the wheel
I more or less, depending entirely upon the
position of the index-arm and wheel, and con-
sequently upon the length of the ordinate
traversed by the wheel. The rotation of the
wheel I causesa corresponding movement in
the dial-train 7 7 and hands k %, which will be
exactly proportionate tothe rate at whichthe
current is passing through the indicator at
the time the revolution occurs. ’

The dial train and hands are so propor-
tioned and arranged that the movement pro-
duced therein by one revolution of the drum
C, when the index-arm isin a given position,
will register in units of any previously-deter-
mined size or value the amount of fluid which
with theindex-arm in such given position will
pass through the indicator during the fixed
period elapsing between two revolutions of
the Gram.

It will thus be seen that with myinvention
I am enabled to integrate and automatically
register in units the performance of any rate-
indieator with the same degree of mathemati-
cal accuracy as is obtained in measuring an
area included within a curve by calculations
based on the length of frequently-occurring
ordinates of such curve.

Various modifications may be made in the
construction of the apparatus besides those
hereinbefore referredto. Forsome purposesit
may be desirable to have the drum revolve
continuously, in which case the latch can be

dispensed with and the movementof the drum
regulated by the clock-movement. In using
my invention with an electric rate-indicator,
it may be desirable to substitute an electro-
motor for the coil-springs which release and
actuate the drum C. Weights may also be sub-
stituted for these purposes, if desired. Several
curves may be employed on the same drum,
and the contact-surface C’, instead of being
mounted on the drum, may be supported on
a horizontal revoluble disk having short up-
rights, to which the contact-surface is secured,
and such contact-surface may be flat instead
of eylindrical and- arranged to reciprocate
under the wheel I.  None of these modifica-
tions, however, would constitute a departure
from my invention, the essential feature of
whieh is a contact-surface shaped to repre-
sent the law of the rate-indicator. ‘

T use the word “periodically ” in the claims
to designate the operation of the mechanism
therein referred to, either with the drum C
revolving continuously or at regular fixed
intervals.

ITaving thus described my invention, what1
claim as new, and desire to secure by Letters
Patent, is— ‘

1, The combination, with a rate-indicator,
of acontact-surface shaped to correspond with
the curve reprosenting the law of the rate-
indicator, mechanism adapted to traverse
said contact-surface periodically, mechanism
adapted to vary the relative positions of said
contact-surface and said traversing mechan-
ism to correspond with the varying rates of
flow through the indicator, and & register-
ing device adapted to be actuated while said
traversing mechanism is passing across said
contact-surface, substantially as and for the
purposes set forth.

2. The combination, with a rate-indicator,
of a contact-surface shaped to correspond with
the curve representing the law of the rate-
indicator, a wheel adapted to traverse said
contact-surface, mechanism for varying the
relative positions of said contact-surface and
said wheel to correspond with the rate of
flow through the indicator, and registering
mechanism adapted to be actuated by the ro-
tation of said wheel, substantially as and for
the purposes set forth.

3. The combination, with arate-indicator, of
a revoluble contact-surface shaped to corre-
spond with the curve representing the law
of the rate-indicator, a wheel adapted to
traverse said contact-surface periodically,
mechanism for varying the relative positions
of said contact-surface and said wheel to cor-
respond with the rate of flow through the in-
dicator, and registering mechanism, adapted
to be actuated by the rotation of said wheel,
substantially as and for the purposes sct
forth.

4. Thecombination, with arate-indicator, of
a revoluble drum having a portion of its sur-
face shaped to correspond with the eurve rep-
resenting the law of the rate-indieator, a
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wheel adapted to traverse such portion of
said surface periodically, an index-arm
carrying said wheel and adapted to vary lhe
position thereol relatively to the drum in
accordance with the rate of flow through
the indicator, and registering mechanism
adapted to be actuated by the rotation of
said wheel, substantially as and for the pur-
poses set forth.

3. The combination, with a rate-indieator, of
a revoluble drum having a raised surface
shaped to correspond with the curve repre-
senting the law of the rate-indicator, mech-
anism for revolving said drum at regular in-
tervals, a wheel adapted to engage with
and be votated by said raised or contact sur-
face of the dvum as the latter revolves, an
arm carrying said wheel and adapted to vary
the position therveof relatively to said con-
tact-surface in accordance with the rate of
flow through the indieator, and a register-
ing-train adapted to be actuated by the ro-
tation of said wheel, substantially as and for
the purposes se forth.

6. The combination, with a rate-indicator, of
a revoluble drum having a raised surface
shaped to correspond with the curve repre-
senting the law of the rate-indicator, mech-
anism for revolving said drvum continuously
at a uniform speed, a wheel adapted to
engage with and Dbe rotated by said raised

or contact surface as the drum revolves,
an arm carrying said wheel and adapted to
vary the position thereof relatively to said
contact-surface in accordance with the rate
of flow through the indicator, and a regis-
tering-train adapted to be actuated by the
rotation of said wheel, substantially as and
for the purposes set forth.

7. Thecombination, with a rate-indicator, of
a spring-actuated revoluble drutm having a
raised or contact-surface shaped to correspond
with the curve representing the law of the
rate - indicator, a wheel adapted to engage

with and be votated by said raised or con- .

tact surface as the drum revolves, an arm
carrying said wheel and adapted to vavy the
position thereof relatively to said contact-
surface in accordance with the rate of flow
through the indicator, a latech adapted to
release said drum and permit it to revolve
at regular intervals, a stop to arrest the
movement of said dram upon the completion
of one revolution, and a registering-train

adapted to be actuated by the rotation of :

said wheel, substantially as and for the pur-
poses set forth.
ITERMAN HOLLERITH.
Witnesses:
S, G MErcaLr,
WiILLIam Lin.
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