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This invention relates to improvements in 

mechanisms for the integration of variables, 
especially for integrating variables with re 
spect to time, and where such variables may 
be of a physical, chemical, electrical, hydrau 
lic or other nature. 

It is known to provide a continuous inte 
gration through an integrator of the plani 
meter or friction contact type wherein, for 
example, a disc is rotated at a constant speed, 
while across a radius of the disc is moved a 

O 

wheel or roller in frictional engagement 
therewith and adapted to drive a counter or 
register. The speed of operation of the regis 
ter varying in accordance with the value of 
the variable, while the time of operation of 
the register is continuous. The positioning 
of the roller along the radius between the cen 
ter and the periphery of the disc by the vari 
able to be integrated with respect to time, the 
arrangement being such that if the value of 
the variable is zero, then the roller remains 
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at the center of the constantly rotated disc, 
and the register receives no motion; while 
if the value of the variable is a maximum, 
then the roller is positioned to a maximum 
distance from the center of the disc and the register is driven at a corresponding speed. 

It is further known to obtain a total over 
any period of time or integrate with respect 
to time a variable by periodically determin 
ing the value of the variable and causing a 
movement of a register in proportion to the 
value of the variable. The value of the vari 
able may be determined at some point of time 
within the period or interval, and the magni 
tude of the increments of movement of the 
register may be of a time length percentage. 
of the time period or interval proportional 
to the value of the variable. The time incre 
ment of movement of the register for a maxi 
mum value of the variable may or may not 
be the complete time length of the interval 
but is the same for all intervals of the par 

4 ticular construction. Likewise the value of 
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the variable may be taken at the beginning 
of the interval or at some predetermined or 
other point of the interval. 
. The two classes of integrators mentioned 

50 differ basically in that the first has its regis 

with the value of the variable. It is further 

ter operated continuously but at a speed vary 
ing with the value of the variable, whereas 
the second has its register operated at a con 
stant speed, but for lengths of time varying 55 

known that an integrator of the second class 
may have provision for locking in position 
a member whose position indicates the value 
of the variable during the time of actuation. 
of the register, and the integration is on the ' 
assumption that the value of the variable re 
mains the same throughout the time period 
or interval during which the register is being 
actuated. 
The present invention is in the nature of 

an improvement to known means of obtain 
ing an integration of a variable with respect 
to time, which known means may be of the 
above or other general classes. The inven 
tion comprises in general an arrangement 
somewhat similar to the second class de 
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scribed, wherein predetermined time inter 
vals are chosen and the driving means for the 
register is operated at a constant speed, but 
the value of the variable at a particular in 
stant during the time interval is not the de 
termining factor of the amount of actuation 
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of the register during said time interval as 
in the second class described, nor is there a 
continuous actuation of the register at dif 
ferent speeds of the register as in the first 
example; but in my present invention I em 
ploy a modification of the two wherein the 
length of actuation of the register during 
each interval of time chosen is in accordance 85 
with the value of the variable at a particular 
instant during that interval of time, modi 
fied by the value of the variable throughout 
the time of actuation. This in general is 
accomplished through allowing the value of 
the variable to change during the time or 
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through that part of the interval of time 
wherein is accomplished the actuation of 
the register. 
One object of my invention is to provide 

an improved integrating mechanism of the 
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type disclosed. 
Another object is to provide a means for 

integrating a variable with respect to time 100 
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which allows the variable to change during 
the integration. 
A further object is to provide an inte 

grating mechanism which does not have the possibility of slipping and consequent in 
accuracy inherent in the planimeter type of 
integrator, and at the same time comprises 
improvements over the class of integrator 
generally known as the periodic, variable time 
length, constant speed integrator. 
In the drawing: 
Fig. 1 is a somewhat diagrammatic repre 

sentation of my invention in connection with 
a rate of flow meter for fluids. 

Figs. 2, 3, 4 and 5 are diagrams represent 
ing positions and movements of parts of the 
integrating mechanism of Fig. 1. 
A variable such as the rate of flow of a 

fluid through the conduit 1 is desirably inte 
grated with respect to time to give a total 
quantity of the fluid passing a given point 
during a specified interval of time such as 
the interval between two readings of a regis 
ter. I show positioned within the conduit 1, 
a flow nozzle 2, forming a restriction to flow 
through the conduit and for creating there 
by a pressure differential across the flow 
nozzle bearing a known relation to the rate 
of fluid flow therethrough. From the con 
duit 1, at opposite sides of the flow nozzle 2, 
I lead the pressure pipes 3 and 4 to a rate 
of flow meter indicated in general at 5. 
Such a rate of flow meter may be of the 

liquid sealed bell type as disclosed in the 
patent to Ledoux No. 1,064,748 granted June 
it, 1913, wherein the bell is shaped and has 
walls of material thickness, to the end that 
the positioning of the bellis in direct pro 
portion to the rate of fluid flow, thereby cor 
recting for the quadratic relation which ex 
ists between rate of fluid flow through such 
a flow nozzle and differential pressure result 
ing therefrom. The bell is shown at 6 dia grammatically in dotted lines, and may be 

; sealed by a liquid such as mercury whose 
approximate level within and without the 
bell is indicated. - 

Pressure within the conduit 1 ahead of the 
flow nozzle 2 is effective through the pipe 3 
upon the interior of the bell 6, while pres 
sure at the outlet of the flow nozzle 2 is 
effective through the pipe 4 upon the exterior 
of the bell 6, to the end that the bell is posi 
tioned vertically by the pressure differential 
across the flow nozzle and in linear relation 
to the rate of flow of the fluid. 
Such vertical positioning of the bell re 

sults in an angular positioning, about a fixed 
fulcrum point 7, of an arm 8 for transmittin 
motion from the bell to the shaft of the ful. 
crum 7, for positioning an arm y whose func 
tion will be explained hereinafter, and for positioning & indicating pen or pointer 10 
cooperating with an index11. The pen 10 is 
further adapted to record over a circular 
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chart 12 which is desirably driven uniformly 
at a constant speed by a motor 13 which may 
be a spring wound motor such as a clock, or 
an electric motor. 
I have shown the flow meter 5 in a position 

indicating a rate of flow approximately 20% 
of maximum, wherein the free end 14 of the 
arm 9 is in the shown position intermediate 

, the positions A and B respectively indicatin 
the position of the point 14 at zero rate o 
flow and at maximum rate of flow. 
I provide in connection with the flow me 

ter 5, a register 15 having graduated dials 
and pointers moving in conjunction there 
with, for affording a continuously available 
means of reading the accumulated total of 
the flow of the fluid through the conduit 1, 
which total flow for any desired interval may 
be obtained by subtracting the reading of 
the dials of the register 15 at the beginning 
of the interval from the reading of the dials 
at the end of the interval, the difference be 
tween such readings representing the total 
flow between the beginning and the end of 
the interval of time. The arrangement be 
ing such that the total is the integration of 
the rate of flow of fluid with respect to time. 
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For driving the register 15 which in itself 
contains the necessary gear reduction be 
tween dials, I provide a driven integrating 
shaft 17 driven through the bevel gears 18 
by a constant speed normally operating driv 
ing shaft 19 which in turn is continuously 
driven by the motor 13. 

Interposed in the shaft 17 is a friction 
means 20 wherein the shaft 17 is actually 
broken but the two parts held in frictional 
engagement by means of a spring, to the end 
that if that part of the shaft 17 connected to 
the register 15 is locked or held against rota 
tion, the friction means will slip, allowin 
the motor 13 to continue to rotate the shaft 
19 and that part of the shaft 17 connected 
thereto through the bevels 18. 
To provide a means for locking or unlock 

ing that part of the shaft 17 connected to 
the register 15, I provide a locking wheel 21 
positioned on the shaft 17 between the fric 
tion means 20 and the register 15 and adapt 
ed to turn with the shaft 17 when unlocked 

G 5 
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through disengagement of a pawl 22. The 
pawl 22 forms an extension of a part 23 piv 
oted at a fixed fulcrum 24 and having an ad 
justable counterweight 25 so that normally 
the pawl 22 is in engagement with the teeth 
of the locking wheel 21 for holding the lock 
ing wheel against rotation. 
The arrangement is such that to allow an 

g actuation of the register 15, I unlock the lock 
ing wheel 21 by mechanically moving out of 
engagement therewith the pawl 22, and when 
the locking wheel is unlocked, the friction 
means 20 causes a driving of the register at 
a constant rate of speed by the motor 13. I 
desirably unlock the locking wheel periodi 
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cally and for a time portion of each period, 
of a length determined not only by the value 
of the variable (rate of fluid flow) at the 
beginning of the period, but modified by any 
change in the value of the rate of flow dur 
ing that portion of the period when the lock 
ing wheel is unlocked. That is, at the begin 
ning of each period of time I cause an unlock 
ing of the locking wheel and the portion of 
the period during which the locking wheel is 
unlocked for driving is determined by the 
rate of flow at the beginning of the period, 
but the portion is modified by any change in 
the rate of flow which occurs during the por 
tion. . 
To unlock the locking wheel, by causing a 

disengagement therefrom of the pawl 22, I 
provide the part 23 with an extension 26 
against which bears a roller 27 having an 
actuating point or point of engagement and 
carried by a freely floating member 28 capa 
ble of being positioned along a definite path 
in a single plane in space. The member 28 
is pivotally connected at one end to the arm 
9 of the flow meter at 14 so that that end of 
the member 28 is at the position A when 
there is zero flow through the conduit 1 and 
at a position B when there is maximum flow 
through the conduit 1, thus traversing a pre 
determined path in a single plane in space. 
The opposite end of the member 28 carries 

a roller 29 which by gravity bears against 
and in contact with the surface of a cam 30 in 
a manner such that that end of the member 
28 is continually reciprocated at a substan 
tially uniform speed between the limits of 
travel C and D by rotation of the cam 30 as 
driven by the motor 13. The chart 12, for ex 
ample, may be arranged to make one revolu 
tion in 24 hours, while the speed of the cam. 
30 might be in the nature of one revolution 
in 10 Seconds, and the actuation of the regis 
ter 15 at intermediate or other speeds as de 
termined by the internal gear reduction of 
the register and the ratio of gears 18. It will 
be seen, then, that the member 28 is arranged 
for positioning along a definite path, within 
limits of travel, in a single plane and such 
that movement of the member is angularly 
about either end by the positioning of the 
opposite end between definite limits of travel, 
to the end that the actuating point 27 as 
Sumes a position between limits of travel in 
dependence upon the position of the point 14 
and of the roller 29. . . . 
Thus at any given rate of flow correspond 

ing to a definite position of the point 14, the 
actuating point 27 is reciprocated along a 
definite path in the plane of movement of 
the member 28 and by the reciprocation be 
tween the limits C and D of the roller 29. 
When the rate of flow is zero and the point 
14 is at the location A, then the reciproca 
tion of the roller 27 through reciprocation 
of the roller 29 will not cause engagement 

after. 

3. 

between the actuating point and the arm 26. 
However, when the point 14 is at B, then the 
roller 27 may bear against the arm 26 
throughout the entire or major portifn of 
the reciprocation between the points C and 
D of the roller 29. . . W 

It will be seen that when the actuating 
point engages the arm 26, the pawl 22 is dis 
engaged from the locking wheel 21, and the 
friction means 20 allows the motor 13 to 
drive the register 15.. Thus the length of 
time through which the locking wheel is un 
locked and the register 15 is being driven, 
is determined by that portion of the time 
cycle of the cam 30 through which the actu 
lating point engages the arm 26, and such 
portion is determined by the position of the 
point 14 along the path A-B. 
As the cam 30 is rotated, the position of 

the point 14 determines what portion of such 
rotation is used for driving the register 15, 
but the drive is continually modified through 
the fact that the point 14 is free to change 
its position along the path A-B during actu 
ation of the register 15. Thus the increment 
of movement of the register 15 for each revo 
lution of the cam 30, i. e., for each time in 
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terval, is a function of the rate of flow 
throughout that interval. 
A certain definite relationship desirably 

exists between the location of the actuating 
point of the roller 27, the point 14 and the 
point of contact of the roller 29 with the 
cam 30, as well as between the actuating point 
and the extension 26. Such relationship and 
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its effect upon the actuation of the mecha 
nism is diagrammatically shown in Figs. 2, 
3, 4 and 5 to be described in detail herein 

To effect movement or positioning 
of the actuating point 27 relative to the mem 
ber 28 I provide on the member 28 adjusting 
means for moving the actuating point rela 
ative to the ends of the member as well as at 
right angles to such movement. 
Through the member 28 passes a thumb 

screw 31 threaded through a block 32 which 
O 

is guided in a manner such that rotation of 
the thumbscrew 31 causes a shifting of posi 
tion of the block 32 toward or away from . 
the member 28. Through the block 32, at 
right angles to the thumbscrew 31 and in par 
allelism with the member 28 is a second 
thumbscrew 33 threaded through a block 34 
carrying the roller 27. A turning of the 
thumbscrew 33 causes a movement of the 
roller 27 and its actuating point toward one 
end of the member 28 and away from the 
other end of the member. 
In Figs. 2, 3,4 and 5 I show diagrammati 

cally preferred relationships between the 
actuating point 27, the extension 26, and the 
travel of the two ends of the member 28. I 
illustrate in these four figures the limits of 
travel of the point 14, namely A and B, and 
the limits of travel of the contact point of 
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the roller 29 and the cam 30, namely C and 
D, as in Fig. 1. I have illustrated by single 
straight lines the effective length and posi 
tion of the member 28, such lines joining the 
point 14, the actuating point 27 and the point 
of engagement of the roller 29 with the 
cam 30. 
In Fig. 2 the solid line AFD represents 

the position of the member 28 when the rate 
of fluid flow is zero and the roller 29 at its 
uppermost point (in the drawing) of its re 
ciprocation by the cam 30. With the rate 
of flow remaining zero, the reciprocation of 
the cam 30 moves the member 28 to the dotted 
line position AEC. If the rate of flow is a 
maximum or 100%, the point 14 moves to 
the position B, and the dotted lines BED and 
BGC represent the travel of the member 28 
through reciprocation of the roller 29. 
A line XY joins the midpoint of travel 

AB with the midpoint of travel CD, coin 
ciding at the point E with the crossing of the 
diagonals AEC and BED. 
I have designated on the member 28 the 

actuating point of the roller 27 as F in Figs. 
2, 3 and 4 and in Fig. 2 the actuating point 
will move along a path FE when the rate of 
flow is zero and along a path EG when the 
rate of flow is 100. At Ethe actuating point 
F just engages the extension 26 so that when 
the rate of flow is zero the movement of the 
actuating point F between the limits F, E 
causes no movement of the extension 26 or 
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crossing point of the diagonals, so long as 1, 2 and 3, substant 

correspondingly, no actuation of the register 
15. As the rate of flow increases from A to 
B, the movement of the actuating point F 
along the path FG will be a part of the defi 
nite distance FG, substantially one-half of 
such distance, and such part will lie along the 
path FG relative to the point E in accordance 
with the rate of fluid flow. 
For example, considering Fig. 3, I have 

shown the rate of fluid flow as 50% or one 
half way between the limits A, B, and in this 
position the solid line XD and the dotted 
line XC represent the total extreme posi 
tions of the member 28 through reciprocation 
of the roller 29. The travel of the actuating 
point F being the part substantially one half 
the distance FG (namely the distance FH 
of Fig. 3) and it will be seen that a portion 
of such part lies beyond or below the prede 
termined point E at which the actuating 
point engages the extension 26. Such por 
tion of the travel of the actuating point IF as 
is indicated at EIH will then cause an unlock 
ing of the pawl 22 from the locking wheel 
21 for actuation of the register 15. 
The predetermined point E relative to 

which the actuating point F becomes effective 
for an actuation of the register 15, moves 
along the line XY with the crossing of diag 
onals, between the limits of travel of the ends 
of the member 28 so as to coincide with such 

the actuating line of the extension 26 (XY) 
is parallel to the line of points of the mem 
ber 28 when the member is at its mid-travel 
position, namely when the left-hand end is 
midway A-B and when the right-hand end 
is midway C-D. By line of points of the 
member 28 I mean a line connecting the point 14, the actuating point, and the point of con 
tact of the roller 29 with the cam 30. 
Should move the actuating point F along 

the line XY, then I must readjust the travel 
of one end or the other of the member 28 or 
my conditions of travel do not balance. If, 
for example, in Fig. 2 I shifted the point F 
to the left, then the flow would have to in 
crease to a substantial amount greater than 
zero before the actuating point F would en 
gage the line of contactXY, namely the upper 
surface of the extension 26, and I would have 
the condition wherein from 0 to some sub 
stantial rate of flow no actuation of the regis 
ter would occur. Furthermore, as the rate 
of flow approached a maximum, a condition 
would obtain beyond which to the maximum 
no change in maximum rate of actuation of 
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the register would exist. Thus full actua 
tion or range of actuation of the register 
would be accomplished in a rate of flow travel 
distance less than the distance A-B, and to 
satisfy correctly a condition of moving the 
actuating point F to the left in Fig. 2 along 
the line XY I must either decrease the dis 
tance A-B, namely the throw of the point 
i4, or increase the throw of the cam, namely 
increase the distance C-D. Conversely, 
should I change the dimensions A-B or 
C-DI find that the predetermined point E 
or crossing point of diagonals shifts one way 
or the other from that shown in Fig. 2, and 
that the actuating point F should be corre 
spondingly shifted. It will be understood 
that while I have illustrated in Fig. 1 a cam 
30 of definite contour, I might arrange the 
mechanism in a manner such that the throw 
of the cam would be doubled, and the travel 
C-D of one end of the member 28 varied 
from that shown. Furthermore, I could 
readily move the member 28 to the right, 
thus lengthening the arm 9, and for the same 
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angular travel of the arm 8 of the flow meter . 
5, to increase the travel A-1B, or by shorten 
g Ele arm 9 I could decrease the travel 
In Fig. 4 I show a condition wherein the 

throw of the cam 30 has been doubled to that 
illustrated in Figs. 1, 2 and 3 and the distance 
CD materially greater than the distance AB. 
I illustrate such conditions to show that the 
predetermined point E shifts toward the 
shorter of the two distances AB or CD. The 
total linnits of travel of the actuating point 
F is between points F and G, and that part 
of the travel FE or EG, if the rate of flow is 
Zero or a maximum respectively, is as in Figs. 

20 
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inity one-half of the dis. 130 
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tance FG. Furthermore, the portion of the 
part which is effective in actuating the regis 
ter 15 is that portion which falls below the 
predetermined point Ein the path FG of the 
actuating point F, as in the case of the other 
figures. 

I find that certain advantages may be ob 
tained through varying the inclination of the 
actuating line XY relative to the line of 
points of the member 28. In Figs. 2, 3 and 4 
I illustrate the line XY as parallel to the 
position of the line of points of the member 
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the lines AFD and AEC, wherein no actua 
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osition. 
Y rela 28 when the member is in mid-travel 

To change the position of the line 
tive to the line of points I provide on the part 
23 a projection through which passes a 
threaded thumbscrew 35 into the extension 
26. The extension 26 being pivoted at 24 
and held to move with the part 23 around 
the fulcrum 24 by the joining of the thumb 
screw 35. By means of the thumbscrew 35. I 
may vary the relative position of the exten 
sion 26 to the part 23 and correspondingly 
the inclination of the contact surface of the 
extension 26 which is represented in the dia 
gram as the line XY. In Fig. 5 I illustrate diagrammatically 
the shifting, through adjustment of the 
thumbscrew 35, of the line XY.to a position 
parallel to the zero position of the line of 
points, namely with the left-hand end of the 
member at A (representative of zero flow) 
and with the right-hand end of the member 
at C. assume that the travel A-B and 
C-D are as in Figs. 1, and 2, and that the 
distance C-D is representative of the travel 
of that end of the member 28 for one-half of 
the cycle of the cam 30. Also that with 100% 
flow, continuous rotation of the locking 
wheel 21 and continuous actuation of the 
register 15 would obtain. On such an as 
sumption the register might read, for exam 
ple, 100,000 pounds accumulated over a peri 
od of one hour, as indicating a flow of fluid 
through the conduit 1 of amounts equaling . 
100,000 pounds in a time interval of one hour. 

In the diagram of Fig. 5 Ishift the prede 
termined point E which represents the point 
of contact of the actuating point F with the 
contact surfaceXY to the right of the diago 
nal crossing point. With zero flow the mem 
ber assumes the position represented between 
tion is accomplished of the register 15 be 
cause at full reciprocation along the line 
C-D the actuating point Fjust comes to the 
point E but does not depressit. As, however, 
the flow increases from A to B, the actuating 
point F engages the contact line XY to de 
press it and actuate the register 15 for 
amounts varying ...ith the rate of flow. 
When maximum rate of flow is accomplished, 
then reciprocation of the beam is between the 
lines BJD and BGC. However, only that 
part of the travel of the actuating point F, 

ing 

these limits, for this depen 

15, while that part of its travel EJ is not so 
effective, for during the travel EJ the actuat 
If, then, the distance C-D and correspond 
ingly the distance G-J represented 100,000 
pounds per hour on the register 15, so the dis 
tance C-K and correspondingly G-E may 
represent some value such as 80,000 pounds 
per hour. ". . . . . 

It will be apparent that the actuating point 
F may be shifted as in Fig. 5 to the right of 
its position illustrated in Fig.2 when the line 
XY is parallel to the line AC, and such shift 
ing may be continued until the distance 
C-K decreases to zero. Thus for a register 
gear ratio representing a certain maximum 
reading within a given time interval as repre 
sented by the distance C-D, may vary such 
maximum and desirably attain maximum 
readings which are odd values or values not 
within the possibilities of change gears; 
In general, through the adjustment pro 

vided, namely the thumbscrews 31, 33 and 35, 
I have a means of shifting the relation of the 

the actuating point lengthwise of the beam 
or relative to the line of points, closer or fur 
ther away, and through such various adjust 
ments as well as the possibility of varying 
the throw A-B or the travel C-D can take 
care of practically any desired conditions. 
When I speak of one end of the member 28 

being reciprocated between predetermined 
definite limits of travel C-D, I mean that 
the point of contact of the roller 29 with the 
cam 30 moves between the limits C-D. 

5 

namely EG, is effective to actuate the register 

oint F does not eng, the line XY. 
ro 
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line XY to the line of points of the member 
28 and further of shifting the position of 

When I speak of the other end of the mem 
ber 28 being positioned or reciprocated be 
tween the limits of travel A-B, mean on 
that end the pivot point 14 which in its ex 
tremes of travel lies on the line A or the 
line B. 
By the reciprocation of the actuating point 

I mean that movement of the point of con 
tact between the roller 2 and the arm 26. 

It will be understood that in referring to 
reciprocation I do this broadly, and do not 
limit myself to reciprocation along an ex 
actly straight line in both directions, but 
mean such reciprocation modified by angular 
ity or similar effects as is well known in the 
type of linkage connections and arrangement 
disclosed herein. For example, while I state 
that the contact point of the roller 29 with 
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the cam 30 is reciprocated between the limits 
C and D, the point of contact does not defi 
nitely follow a single straight line between upon the posi 
tion of the pivot point 14 between its limits 
of travel at the time of reciprocation of the 

25 

other end of the member 28. However, for 
the purpose of illustration the reciprocation 
between the limits C-D is substantially 30 
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along a single straight line. The position 
ing of the pivot point 14 between the limits 
A-B follows substantially a single path, but 
the movement of the actuating point may 
vary slightly from a straight line, dependent 
upon relative positions of the two ends of the 
member 28. To all intents and purposes the 
movements of the two ends of the member 
and of the actuating point are along single 
straight lines in the plane of movement of the 
member 28, for I can readily take care of cor 
recting for angularity or other well known 
effects through proportioning of moment 
arms, design of the cam 30, etc. 
While I have illustrated and described a 

certain preferred embodiment of my inven 
tion, it is to be distinctly understood that I 
am not to be limited-thereby except as to 
the claims appended hereinafter in view of 
prior art. For example, it is not necessary 
that the variable which I desire to integrate 
be rate of fluid flow, nor must such variable 
necessarily be integrated with respect to time. 
Furthermore, the mechanical construction 
and features as illustrated and described may 
be departed from, as will be readily under 
stood by those familiar with the art, while 
still maintaining the features of the inven 
tion, and still being capable of performing 
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any integration of a variable with respect to 
an independent variable as represented by 
the expression: 

f(z) dz 
it will be apparent further that my in vention accomplishes an actuation through a 
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positioning of an actuating point such as the 
point of contact of the roller 27 with respect 
to the extension 26, and that such actuation 
need not necessarily move a clutch away 
from a clutch wheel but might accomplish 
the closing or opening of an electric circuit 
or otherwise initiate an action or movement 
representative of a desired relation, which 
in the present embodiment is between rate of 
fluid flow and time, and in general, of a vari 
able relative to an independent variable. 
What I claim as new, and desire to secure 

by Letters Patent of the United States, is:- 
1. Mechanical apparatus for integrating a 

variable with respect to time comprising.in 
combination, a member positioned responsive 

65 

to the value of the variable, means actuated 
at a substantially uniform time rate, and 
mechanical means for periodically accumu 
lating time increments of individual value de 
pendent upon the first-named means. 

2. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, and me 
chanical means for periodically operating the 
integrating shaft by the said driving shaft, 
said means positioned according to a linear 
function of a variable to be integrated, 
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3. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, and me 
chanical means for periodically connecting 
said shafts, said means positioned according 
to a linear function of a variable to be inte 
grated. 

4. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, friction 
means interconnecting said shafts, and means 
for periodically releasing said friction means. 

5. In an integrator, a constant speed driv 
ing shaft, a driven integrating shaft, friction 
means connecting said shafts, and means re 
sponsive to the value of a variable to be inte 
grated for periodically releasing said fric 
tion means. 

6. In an integrator, a constant speed nor 
mally operating driving shaft, a register, a 
normally inoperative driven integrating 
shaft for operating the register, friction 
means connecting the shafts, locking means 
for the integrating shaft whereby when such 
shaft is locked the friction means slips, and 
means positioned by a variable to be inte 
grated for periodically releasing the locking 
eaS. 

7. In an integrator, a constant speed nor 
mally operating shaft, a normally inoperative 
driven integrating shaft, friction means inter 
connecting said shafts, and means for effect 
ing an operation of the integrating shaft, said 
means responsive to an independent variable 
and to the value of a variable to be integrated 
with respect to the independent variable. 

8. Apparatus comprising a member adapt 
ed to be freely positioned within limits in a 
plane for effecting an actuation, one end of 
the member reciprocated at a substantially 
uniform rate along a given path in the plane, 
the other end of the member positioned be 
tween limits in accordance with a function of 
a variable, the duration of the actuation pro 
portional to an instantaneous value of the 
variable modified by change in such value 
during the actuation. 

9. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, and me 
chanical means including a member for pe 
riodically operating the integrating shaft by 
the said driving shaft, said member posi 
tioned in linear relation to a variable to be 
integrated. . . . 

10. Apparatus comprising in combination, 
a constant speed normally operating driving 
shaft, a normally inoperative driven shaft, a 
device adapted to be operated by said driven 
shaft, friction means connecting the shafts, 
locking means for the normally inoperative 
driven shaft, and means for releasing said 
locking means whereupon the driving shaft 
operates the device at a constant speed, said 
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last-named means responsive to a member po 
sitioned by time and by a variable. , 

11. Apparatus comprising in combination, 
a constant speed normally operating driving 
shaft, a normally inoperative driven shaft, a 
device adapted to be operated by said driven 
shaft, friction means connecting the shafts, 
locking means for the normally inoperative 
driven shaft, and means for releasing said 
locking means whereupon the driving shaft 
operates the device at a constant speed, said 
last-named means responsive to a member-po 
sitioned by a variable and by an independent 
variable. 

5 12. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, a register 
adapted to be operated by said driven shaft, 
friction means connecting the shafts, locking 
means for the integrating shaft, and means 
for releasing said locking means whereupon 
the driving shaft operates the register at a 
constant speed, said last-named means re 
sponsive to a member positioned by an inde 

45 
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pendent variable and by a variable, whereby 
the variable is integrated with respect to the 
independent variable. - 

13. In an integrator for fluid flow, a con 
stant speed normally operating driving shaft, 
a normally inoperative, driven integrating 
shaft, a register adapted to be operated by the 
driven shaft, friction means connecting the 
shafts, locking means for the integrating 
shaft, a rate of flow meter of the fluid, said meter responsive to pressure differences bear 
ing quadratic relation to rate of fluid flow, 
the meter comprising means for producing 
motion bearing a linear relation to rate of 
fluid flow, a member positioned by said last 
named means, and means actuated by the 
member for releasing the locking means 
whereupon the driving shaft operates the reg 
ister at a substantially constant speed for a 
given portion of a predetermined interval of 
time, the magnitude of the portion dependent 
upon the rate of fluid flow. 

14. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, a register 
adapted to be operated by the driven shaft, 
friction means connecting the shafts, locking 
means for the integrating shaft, means for re 
leasing the locking means whereupon the 
driving shaft operates the register at a sub 
stantially constant speed, said last-named 
means comprising a member adapted to be po 
sitioned along a definite path in one plane, 
one end of the member periodically recipro. 
cated at a substantially uniform rate between 
limits of travel, the other end of the member 
positioned within limits of travel and pro 
portional to the value of a variable to be inte 
grated with respect to time, the member inter mediate its ends having an actuating point 
for effecting the release of said locking means, 
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said actuating point of the member recipro 
cated periodically a distance substantially 
one-half the definite distance between its lim 
its of travel, said definite distance deter 
mined by the total travel of the two ends of 
the member and the location of the actuating 
point of the member relative to the ends of 
the member, that portion of the distance moved by the actuating point beyond a pre 
determined point in its path of movement be 
ing effective for releasing the said locking 
means, and means for varying the effective 
actuation of the register. 

15. An integrating mechanism for a fluid 
flow meter comprising a member positioned 
in one plane by two components namely rate 
of fluid flow and time, a register, means for 
periodically actuating the register, means 
controlled by said member for varying the ex 
tent of said actuation, and automatic means 
operated in synchronism with the first-named 
means for periodically locking the register 
against movement. 

16. An integrating fluid meter comprising 
in combination, a device for creating a pres 
sure difference bearing a known relation to 
tioned responsive to said pressure difference, 
indicating means of the bell position, a mem 
ber positioned between limits in one plane by 
said indicating means, the member further 
positioned by a time responsive element, the 
resultant instantaneous position relative to 
space of an actuating point of the member be 
ing determined as a component of flow and 
time, registering means for accumulating 
movements representing quantities of fluid 
flowing in increments of time, and driving 
means of the register made effective by said 
member. '' 8 

17. An integrating device comprising in 
combination, a register, a constantly rotating 
driving means, a shaft for transmitting mo 
tion from the driving means to the register, a 
friction means interposed in said shaft, a lock 
ing wheel carried by the shaft and between 
the friction means and the register, a pawl 
for locking the locking wheel against rotation, 
and a member adapted to release said pawl 
whereby the driving means may actuate the 
register through the shaft and friction means, 
said member comprising a beam capable of 
being positioned along a definite path in One 
plane, one end of the beam reciprocated at a 
substantially uniform rate along a given path 
in the plane, the other end of the beam posi 
tioned between limits in accordance with a 
function of a variable to be integrated with 
respect to time. 

18. An integrating device comprising in 
combination, a register, a member adapted to 
be positioned between limits in a plane, a 
measuring apparatus of a variable for posi 
tioning one end of the member and in amounts 

i proportional to the value of the variable to be 
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integrated with respect to time, and a con 
stantly driven cam for periodically recipro 
cating the other end of the member at a sub 
stantially uniform rate between limits in the 
plane, the member intermediate its ends 
adapted to actuate the register. 

19. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, a regis 
ter adapted to be operated by said driven 
shaft, friction means connecting the shafts, 
locking means for the integrating shaft, and 
means for releasing said locking means 
whereupon the driving shaft operates the 
register at a constant speed, said last-named 
means comprising a member adapted to be 
positioned along a definite path in a plane, 
one end of the member periodically recipro 
cated at a substantially uniform rate between 
definite limits of travel, the other end of the 
member positioned proportional to the value 
of a variable between definite limits of travel, 
whereby the variable is integrated with re 
spect to time. 

20. An integrating device comprising in 
combination, a register, a constantly rotating 
driving means, a shaft for transmitting mo 
tion from the driving means to the register, a 
friction means interposed in said shaft, a 
locking wheel carried by the shaft and be 
tween the friction means and the register, a 
pawl for locking the locking wheel against 
rotation, and a member adapted to release 
said pawl whereby the driving means may 
actuate the register through the shaft and 
friction means. 

21. An integrating mechanism having a 
member movable in proportion to one of the 
factors of a variable to be integrated, com 
prising an element contacting with said mem 
ber and whose point of contact is positioned 
along a predetermined path in a given plane 
proportional to the value of the variable to be 
integrated, a register, means for actuating 
the register at periodic intervals, means 
whereby the duration of such actuations 
varies in correspondence with the position of 
the member, and means for automatically 
locking the register against movement at 
periodic intervals which bear a definite rela 
tion to the periodic intervals before men 
tioned. - 

22. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, a register 
adapted to be operated by the driven shaft, 
friction means connecting the shafts, locking 
means for the integrating shaft, and a mem. 
ber having an actuating point thereof for ef 
fecting an unlocking of the locking means 
whereupon the driving shaft operates the 
register at a substantially constant speed, 
means causing a reciprocation of said actu 
ating point along a path between limits of 
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the distance between the limits, 6 time re. 
sponsive element and an element whose posi 
tion is representative of the value of a vari 
able to be integrated with respect to time for 
positioning said last-named means, the re 
ciprocation of the actuating point represent 70 

ing a definite time interval, the actuating 
point effective in unlocking the locking means 
for a portion of the time interval, the mag 
nitude of the portion and its location in the 
interval being a function of the variable. 

23. Apparatus for effecting an actuation, 
comprising in combination, a constant speed 
normally operating driving shaft, a normally 
inoperative driven shaft, a device adapted to 
be operated by the driven shaft, friction 
means connecting the shafts, locking means 
for the driven shaft, and means for releasing 
the locking means whereupon the driving 
shaft operates the device at a 'substantially 
constant speed, said last-named means com 
prising a member having an actuating point 
for effecting the release of said locking means, 
said actuating point of the member adapted 
for movement over a distance substantially 
one-half the definite distance between its pos 
sible limits of travel, said definite distance 
determined by the total travel of the two ends 
of the member and the location of the actu 
ating point of the member relative to the ends 
of the member, that portion of the distance 
moved by the actuating point beyond a pre 
determined point in its path of movement be 
ing effective for releasing the said locking 
e3S. 

24. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integratingshaft, a regis 
ter adapted to be operated by the driven shaft, 
friction means connecting the shafts, locking 
means for the integrating shaft, and means 
for releasing the locking means whereupon 
the driving shaft operates the register at a 
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Substantially constant speed, said last-named 
means comprising a member adapted to be 
positioned along a definite path in one plane, 
one end of the member positioned between 
limits of travel by an independent variable, 
the other end of the member positioned with 
in limits of travel and proportional to the 
value of a variable to be integrated with re 
spect to the independent variable, the mem 
berintermediate its ends having an actuating 
point for effecting the release of said lockin 
means, said actuating point of the member 
positioned within a distance substantially 
one-half the definite distance between its pos 
sible limits of travel, said definite distance determined by the total travel of the two ends 
of the member and the location of the actu 
ating point of the member relative to the ends 
of the member, that portion of the distance 
moved by the actuating point beyond a pre 
determined point in its path of movement be 
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ing effective for releasing the said locking 
eaS. 

25. In an integrator, a constant speed nor 
mally operating driving shaft, a normally in 
operative driven integrating shaft, a register 
adapted to be operated by the driven shaft, 
friction means connecting the shafts, locking 
means for the integrating shaft, and means. 
for releasing the locking means whereupon 

10 the driving shaft operates the register at a 
substantially constant speed, said last-named 
means comprising a member adapted to be po 
sitioned along a definite path in one plane, 
one end of the member periodically recipro 
cated at a substantially uniform rate between 
limits of travel, the other end of the member 
positioned within limits of travel and propor 
tional to the value of a variable to be inte 
grated with respect to time, the member in 

20 termediate its ends having an actuating point 
for effecting the release of said locking means, 
said actuating point of the member recipro 
cated periodically a distance substantially 
one-half the definite, distance between its 
limits of travel, said definite distance deter 
mined by the total travel of the two ends of 
the member and the location of the actuating 
point of the member relative to the ends of 
the member, that portion of the distance moved by the actuating point beyond a pre 
determined point in its path of movement be 
ing effective for releasing the said locking 
leaS. 

26. An integrator of the character de 
scribed in claim 25, in which the predeter 
mined point lies on a line connecting the mid 
points of travel of the two ends of the mem 
e. 

27. An integrator of the character de 
scribed in claim 25, in which the predeter 
mined point is the intersection of diagonals 
joining the limits of travel of the two ends of 
the member. 

28. An integrator of the character de 
scribed in claim 25, in which the predeter 
mined point lies on a line connecting the mid 
points of travel of the two ends of the mem 
ber, the said actuating point spaced midway 
between the ends of the member when the 
total travel of one end equals that of the 
other. 

29. An integrator of the character de 
scribed in claim 25, in which the predeter 
mined point lies on a line connecting the mid 
points of travel of the two ends of the mem 
ber, the said actuating point spaced nearer 
the end of the member whose travel is the 
lesser when the total travel of one end is less 
than that of the other. 

80. An integrator of the character de 
scribed in claim 25, in which the predeter 
mined point is the intersection of diagonals 
joining the limits of travel of the two ends 
of the member, the location of the actuating point coinciding with the said predetermined 
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point when the member is in diagonal posi 
tion between limits of travel of the two ends 
of the member. 

31. An integrator of the character de 
Scribed in claim 25, in which the predeter 
mined point lies on a line connecting the mid 
points of travel of the two ends of the mem 
ber, said actuating point lying on the same 
line when the member is in diagonal position 
between limits of travel of the two ends of 
the member. 

32. An integrator of the character de 
scribed in claim 25, including means for vary 
ing the definite distance between the limits 
of travel of the actuating point. 

33. An integrator of the character de 
scribed in claim 25, including means for vary 
ing the effectiveness of the actuating point in 
releasing the locking means. 

34. An integrating device comprising in 
combination, a register, a member adapted to 
be positioned between limits in a E. a. 
measuring apparatus of a variable for posi 
tioning the member and in amounts propor 
tional to the instantaneous value of the vari 
able to be integrated with respect to time, and 
a constantly driven time cam also effective in 
positioning the member, the member adapted 
to effect actuation of the register. 

35. An integrating mechanism for a fluid 
flow meter comprising a member positioned 
in one plane by two components namely rate 
of fluid flow and time, a register, means for 
periodically actuating the register, and 
means controlled by said member for varying 
the extent of said actuation. 

86. Apparatus comprising in combination, 
a constant speed normally operating driving 
shaft, a normally inoperative driven shaft, a 
delivce adapted to be operated by said driven 
shaft, and means for operatively connecting 
said shafts, said means responsive to a mem 
ber positioned by a variable and by an inde 
pendent variable. 

37. Apparatus comprising a member posi 
tioned in accordance with the value of a vari 
able and responsive to an independent vari 
able for periodically effecting an actuation 
whose duration is proportional to an instan 
taneous value of the variable modified by 
change in such value during the actuation. 

In witness whereof, I have hereunto set my 
hand this 25th day of July, 1931. 

HARVARD H. GORRIE. 
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