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In the ordinary operation of graphic 
meters, an entirely adequate record may be 
obtained on a slow-moving chart; for the 
variation from second to second, and even 

5 from minute to minute, are ordinarily of 
comparatively slight import. 
In emergencies, however, especially in the 

larger electric supply systems in which many 
stations and generators are connected, what 

10 happens from second to second, or even in 
fractions of seconds, becomes extremely im 
portant; and the things which happen in 
the very beginning of the emergency, and 
especially during the first small fraction of 
the first second, are often of the greatest im 
portance. The detail of such happenin 
which occur in a few seconds is completely 
lost in the record on the ordinary slow-mov-. 
ing chart; and it is information regarding 

0 such detail, and especially regarding the de 
tail of the happenings of the E. fraction of 
the rs! that is frequently most de 
SeO. 
In my prior Patents No. 1,545,078, of July 

7, 1925, and No. 1,598,595, of September 7, 
1926, I have described graphic meters in 
which the chart ordinarily operates at a de 
sired slow :::{{?? but in which upon the 
occurrence of an emergency the chart starts 

80 at once to operate at a predetermined higher 
speed, to give in minute detail the record 
of what occurs during the emergency. The 
?????5 shown in those two patents is very 
effective. 

In the specific apparatus shown in those 
two patents, however, the high-speed driving 
mechanism is an electric motor, with suit 
able connections between it and the chart 
as set forth in those patents; and such elec 

40 tric motor is desirably in continuous opera 
tion, although its driving connection to the 
chart is normally inoperative save when an 
emergency occurs. In order to ensure that 
the chart will operate at the desired high 

45 speed upon the occurrence of the emergency, 
regardless of what may happen in the sys 
tem of which the chart is making the rec 
ord, it is desirable to have a separate source 
of current supply for such electric motor. 

50 This is often inconvenient, and the continu 

ous operation of the motor is also sometimes 
undesirable. 
My present invention is a specific embodi 

ment of the broad inventions covered in the 
aforesaid two patents, with certain added 
advantages. It is the object of my present 
invention to obtain the advantages of the 
devices described in said two patents, and 
yet to avoid the necessity for such a separate 
constantly running motor, or even of an 
electric motor of any sort, for driving the 
chart at the high speed; and to provide in 
stead a spring-motor or similar mechanical 
motor, which is thrown into operation upon 
the occurrence of an emergency, attains full 
speed in an exceedingly small fraction of a 
second, and operates at a uniform speed for 
the occurrence of the emergency and desir ably until the end of some integral number 
of definite time-periods (such as seconds) 
from the inception of the emergency. 

It is a further object to provide an ef 
fective critical-speed governor which serves 
to maintain the motor at the desired uni 
form speed; which ??y;ü"{ device is de sirably adjustable for any critical speed, 
within limits, and serves effectively to main 
tain the high-speed motor quite accurately 
at that speed. It is a still further object 
to effect a change from low speed to high 
speed, as in my aforesaid prior Patent ? 
1,598,595 of September 7, 1926, not only in 
minimum time so that the chart will be 
moving at the high speed very early in 
the first second of the emergency, but with 
out |tfü of interrupting the high speed drive and destroying the high-speed 
record until the desired predetermined move 
ment at high speed has been accomplished. 
The accompanying drawings illustrate my 

invention: Fig. 1 is a semi-diagrammatic 
view of a meter chart with both the nor 
mal or low-speed driving mechanism and an 
emergency or high-speed driving mechanism 
arranged in accordance with a preferred 
embodiment of my invention and applied to 
an electrical distribution system, the va 
rious gears being shown diagrammatically 
as mere disks, for simplicity, although neces 
sarily they are toothed to get the desired 
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drive without slipping; Fig. 2 is a f er 
tary detail, showing the 
ernor, the view being a section transverse 
to the rock shaft which carries the governor 
mechanism and to the shaft which carries the eccentric which operates such governor; and 
Fig. 3 is a fragmentary detail of the stop 
control mechanism of the high-speed drive showing such high-speed drive in stopped 

O position. 
The chart 10 may be the chart of any 

graphic meter; and usually has longitudinal 
lines 11 indicating values of the quantities 
to be measured, and transverse lines 12, 

ls usually arcs, imåicating time. The record 
is made by moving the chart beneath a 
13, which makes a graph on the chart. The 
chart 10 is shown as suitably driven ? 8, 
roller 14 on the shaft 15; which roller has 20 radially projecting pins 16 for meshing with 
holes 1 along the edges of the chart. After 
passing the roller 1, the chart is wound 
up on a wind-up roll 19. The details of 
how the chart is driven from the shaft 15, 

25 how the wind-up roll 19 is operated, and how 
the pen 13 is operated under the control 
of the conditions to which the meter is re 
sponsive, may be anything desired, depend 
ing upon the type of meter used and the 

so thing which the meter is to record. As 
shown, the meter is assumed to be an elec 
tric meter, associated in any suitable way 
with a supply circuit 18; but it is not neces sary to my invention that the meter be an 

S5 electric meter, or that it be associated in any 
particular way with the supply-circuit 18 
if it is an electric meter. 
The shaft 15, which is the driving shaft 

for the chart 10, has two driving mecha 
40 nisms. One of these is the no driving 

mechanism, for operating the chart 10 at 
low speed; and may consist of a conven 
tional clock-work mechanism, indicated by a 
gear 20, driving a gear 21 loose on the shaft 

is 15 but associated with such shaft by a suit 
able clutch which will permit the clutch 
15 and roller 14 to move forward at high speed without corresponding high-speed 
movement of the gear 21. Such clutch may 

so take any suitable form; but instead of the pawl-and-ratchet overrunning clutch shown 
in my aforesaid prior Patent No. 1,545,078, 
of July 7, 1925, although that or any other 
suitable form of overrunning clutch may be 

55 used, the form I now prefer is that shown 
in my other aforesaid prior Patent No. 
1,598,595, of September 7, 1926, wherein 
there is a simple friction clutch 22 of which the frictionis suficiently, great not to let 

80 the clutch slip when the drive of the shaft 
15 is from the gear 21 at low ???? but sufficiently small to let the clutch slip when 
the high-speed drive is in operation. The 
nature of the normal driving mechanism is 

65 immaterial, and the clock-work mechanism 

is mentioned and indicated only because it 
is a simple and ordinary driving mechanism 
for meter charts. 
The other driving mechanism for the 

chart-moving shaft 15 is the emergency driy 
ing mechanism for driving the shaft 15 
at high speed. For this, in the preferred 
form in which I have illustrated my in 
vention in Fig. 1, the shaft 15 is co-axial 
with a shaft 25; which, like the gear 21, 
is connectible to the shaft 15 by a suitable 
overrunning clutch, here diagrammatically 
shown as a pawl 26 carried by a disk 27 

O 

5 

fixed on the shaft 25 and engaging a ratchet 
wheel 28 fixed on the shaft 15 so far as 
rotative movement is concerned. The shaft 
25 is connected to a shaft 30 by a pair of 
gears 31 and 32; which may be of any de 
sired gear ratio, and which may be re 
? the substitution of other gears having different r ratios, to get 

any desired d ot the shafts 
30 and 25. is interchangeability of gear 
ing between the two shafts 30 and 25 is a 
desirable feature, although not at all es 
sential to my invention. 
The shaft 30 receives power from one or 

more spring motors 33 and 34, here shown 
as two in number to give greater power 
than can be obtained from one. else 
??????????? are energy-storing devices. he spring motor or motors, have driving 
gears 35 yhich mesh with a pinion 36 on an 
intermediate shaft 37, which in turn carries 
a gear 38 which meshes with a pinion 39 
on the shaft 30. Thus the power from the 
spring motors 33 and 34 may be transmitted 
through the gearing 35-36, the shaft 37, 
the gearing 38-39, the shaft 30, the gear 
ing 32-31, the shaft 25, the i overrunning 
?????? *hrk-, the shaft 15 ?? driv o e chart at high speed; at which time 
? clutch 22 slips to permit such high 
speed movement of the chart. The spring 
motors are wound up, to store energy in 
their springs, in any convenient way, com mon in spring motors. 
Under ordinary conditions, however, this high-speed driving mechanism is ineffective 

and at rest, with ene merely stored in 
the spring motors; and the chart 10 is driven 
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by a low-speed driving mechanism denoted 
by the gear 20, with suitable overrunning 
at the overrunning clutch 27-26-28. 
Further, when the high-speed driving 
mechanism is rendered effective, it oper 
ates at substantially uniform speed-and 
desirably at a speed which is some def 

t: multiple of the speed of the low-speed 
Ve. 

To this end, I provide a stop mechanism 
and a governing mechanism. In the form 
shown, the shaft 30 carries a gear 40 in 
addition to the gear 32 and pinion 39; and 
the gear 40 meshes with a pinion 41 on a 
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shaft 42, which in turn also carries a gear 
43 meshing with a pinion 44 on a shaft 45. 
This shaft 45 thus moves at comparatively 
high speed. The shaft 45 carries, in addi. 
tion to the pinion 44, an eccentric 46 and 

gear 47. 
The eccentric 46 operates the governor, 

which controls the speed of the shaft 30; 
and the stop-gear 47 co-o rates with stop 
mechanism which ¥ holds station 
ary the shaft 45, and thereby all the shafts 
37, 30, 42, and 45 which are operated by 
the spring motors 33 and 34. 
The governor mechanism which I use is, 

so far as I am aware, new in itself. It com 
prises a rock shaft 50 which carries a fork 
51 embracing the eccentric 46; so that by 
the rotation of the shaft 45 and the co-ac 
tion of the eccentric 46 with the two fingers 
of the fork51, the rock shaft 50 is rapidly 
oscillated. The fork 50 is part of a E. 
52 which rocks with such fork 51 about the 
axis of the rock shaft 50. (Indeed, the rock 
shaft 50 need not itself rock, if desired, but 
may merely form á support for the rock 
ing frame 52.) From the two opposite sides 
of the frame 52, two leaf springs 53 pro 
ject oppositely from the fork 51, and at 
their outer ends approach near each other 
with a block 54 of friction material between 

A bolt 55 passes 
through this block 54 of friction material 
and through the ends of the two leaf 
springs 53, and is provided at its two ends 
with a head 56 and a nut 57. A coiled 
spring 58 surrounds the bolt 55 and is locat 
ed between the head 56 and the adjacent 
leaf-spring 53. The spring 58 is a compres 
ision spring, whose stress may be ??????! by adjusting the nut 57 on the bolt 55; 
and it acts to press the ends of the two leaf 
springs 53 against the block 54 of friction 
material. Between the nut 57 and the ad 
jacent leaf-spring 56 is an eccentricall 
mounted washer 59; desirably with a loc 
washer 60 between it and the nut 57. The 
eccentrically mounted washer 59 is desir 
ably thin around the bolt 55; but in its 
farthest projecting part is made thicker, 
as indicated at 61, to provide a weight some 
thing like a pendulum weight. This thick 
ened portion may have a slot 62, for receiv 
ing a screw-driver blade by which the wash 
er 59 may be adjusted around the bolt 55 
to vary the distance between the center of 
gravity of such weighted, eccentric washer 
59 and the axis of the rock shaft 50. This, 
in effect, varies the pendulum-length of the 
device as a whole, and controls its normal 
periodicity or natural period of vibration. 
In high-speed operation, the governor 

mechanism is rocked back and forth about 
the axis of the rock-shaft 50. As the speed 
rises from zero, or rest, the governor mech 
anism swings as a substantially rigid body 

has 
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until a critical speed is approached, with 
substantially no ????????????? between the ends 
of the leaf-springs 53 and the friction block 
54. As that critical speed--or natural pe 
riod of vibration of the leaf-springs 53 and 
the weight at their outer ends-is ap 
proached, the amplitude of the throw of 
such weight and the adjacent ends of the 
springs 53 increases rapidly. This makes 
it necessary for the leaf-springs 53 to bend, 
and for their ends to slip relatively to each 
other on the friction-block 54. This bend 
ing and slipping consumes energy, in a 
quantity depending on the nature of the 
surfaces of the friction material 54 and of 
the leaf-springs 53, on the pressure of the 
compression spring 58, and on the amplitude 
which such throw attains. More energy is 
also consumed in the various bearing sur 
faces, as at the eccentric 46, because of the 
increased amplitude and the resultant in 
creased pressure on such bearing surfaces. 
As the amplitude rises, the consumption of 
energy also rises, until it equals the excess 
energy developed by the spring-motors 33 
and 34 over that required to drive the chart. 
Since there is then no more energy avail 

?? 
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able, this effectively limits the speed of the 
various shafts 37, 30, 42, and 45, and so ef 
fectively prevents them from exceeding the 
speed which is the critical speed to which 
the governing device is responsive. That 
critical speed can be adjusted, within limits, 
by turning the eccentrically mounted 
????? washer 59 about the bolt 55. It 

n found convenient to make the high 
speed some definite multiple of the low 
speed. Perhaps the most convenient rela 
tion is with the high-speed drive 3,600 times 
as fast as the low-speed drive; because that 
makes the "hour' rulings on the chart serve 
as "second rulings during the high-speed 
drive, so that the rulings serve to divide 
the chart of into seconds during the record 
ing of the emer ency conditions. 

e stop mechanism comprises a rock 
sleeve 65 mounted on a supporting pin or 
shaft 66. The rock sleeve 65 has three pro 
jecting arms-a stop arm 67, a control arm 
68, and an operating arm 69. The stop arm 
67 and the control arm 68 have a stop finger 
67' and a control finger 68' at their respec 
tive outer ends. 
The stop finger 67 at the outer end of the 

stop arm 67 co-operates with the stop gear 
47; so that when such stop finger moves into 
position between two teeth of the stop gear 
47, it stops the high-speed mechanism from 
further movement. 
The control finger 68 at the outer end of 

the control arm 68 co-operates with two 
disks 70 and 71 carried by the shaft 72 of 
one of the spring motors 33 and 34-here 
the shaft of the spring motor 33-to make 
certain that when an emergency occurs the 
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high-speed drive will not only start into 
operation but will continue in operation for 
a predetermined time, and that the record 
of an emergency of very short duration will 
not be lost. ?????? disk 71 is fixed on the 
shaft 72, while the disk 70 is rotatably loose 
on such shaft. The two disks 70 and 71 are 
interconnected by a spring 73, which tends 
to hold the two disks in a definite relative 
position, but permits a slight relative rota 
tive movement between them. 
The two disks 70 and 71 have notches 74 

and 75 respectively, desirably ratchet 
notches with a radial wall at one end and 
an inclined wall at the other; and the two disks are desirably reversel 
the shaft 72, so that one of them has its 
radial wall and the other its oblique wall as 
the leading end-wall with relation to the di 
rection of rotation-which is counter-clock 
wise in Figs. 1 and 3. As shown, the radial 
edge of the notch 75 is in advance, while 
the inclined edge of the notch 74 is in ad 
vance. The spring 73 tends to hold the two 
disks 70 and 71 in position so that the notch 
74 is slightly displaced forward from the 
notch 75 in the direction of rotation, with 
no overlap between the two notches. How 
ever, the loose disk 70 may be rotated rela 
tively to the disk 71 to cause the two notches 
74 and 75 to overlap slightly; in which posi 
tion the control finger 68 may 
notches and thus permit the stop finger 67 
to enter between two teeth of the stop gear 
47 to stop the high-speed mechanism; but 
unless the control finger 68 can enter its 
notches, the stop finger 67' is clear of the 
stop gear 47, and the high-speed mechanism 
is free to rotate. This latter condition ex 
ists when the control finger 68' is riding on 
the unnotched portion of the periphery of the disks 70 and 71. 
When the high-speed mechanism is in 

stopped position, with the stop finger 67' 
between two teeth of the stopgear 47 and 
the control finger 68' in the then partially 
overlapping notches 74 and 75, as is indi. 
cated in Fig. 3, the spring 73 is under 
k When by any mes the control 
and 75, which means that at the same time 
the stop #??? from the stop gear 47 to let the high-speed driving 
mechanism start, the : spring ": 
mediately snaps the loose disk 70 slightly 
forward to displace the notch 74 from ra. 
dially below the control finger 68’; so that 
such finger cannot re-enter the notches. 
Such re-entry cannot take place until the 
shaft 2 has made a complete rotation 
360-for during that time the control 
finger 68 rides on the unnotched portion of the disks 70 and 1. 
As the end of such complete rotation is 

approached the control finger 68' catches 

mounted on . 

enter the 

r 68 is lifted out of the notches 74. 
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(if the emergency is over) on the radial 
rear wall of the notch 74 of the loose disk 
70, and holds that loose disk from further forward rotation. To insure this catching, 
the periphery of the disk 71 is slightly cut 
away just in advance of its forward radial 
wall, as is shown by the cutaway portion 
71 of Fig. 3. The disk 71, however, because 
it is fixed on the shaft 72, continues its 
forward rotation, stressing the spring 73, 
and in a short time causing the still-moving 
notch 75 to overlap slightly the now sta 
tionary notch 74. en a sufficient over 
lapping occurs, the control finger 68 drops 
into the two notches, and at the same time 
the stop finger 67' drops between two teeth 
of the stop gear 47 and stops the high-speed 
driving mechanism. If the emergency is 
not over, however, when a complete rota 
tion of the shaft 72 has been made, said 
shaft 72 makes another rotation before the 
high-speed driving mechanism is stopped. 
One revolution of the shaft 72 corresponds 

to a definite length of movement of the 
chart 10. Conveniently this definite length 
of movement is equivalent to a normal or 
low-speed movement of twenty-four hours, 
so that when the high-speed driving mech anism stops and the low-speed driving is 
resumed the low-speed record starts at sub 
stantially the same time of day at , which 
it had been interrupted for the interim of 
high-speed drive, and thus the accuracy of 
the normal chart-record is substantially not 
disturbed by the interposition therein of 
an emergency high-speed record. 
The operating arm 68 is loosely connected 

to the armature 80 of an electro-magnet 81; 
and has a tendency to move away from such 
magnet, as by a leaf spring 82 between it 
and the magnet, to move the stop finger 67' and control finger 68' into their stopping 
positions between the teeth of the stop gear 
47 and in the notches of the disks 70 and 71 
respectively. When the magnet 81 is ener 
gized, it moves the armature 80 against 
such spring, and lifts the stop finger 67' 
clear of the stop gear 47 and moves the 
control finger 68 clear of the notches 74 
and 75, to permit the high-speed drive to start. 
The electro-magnet 81 may be energized 

in response to any desired condition. I 
shall not attempt to enumerate the vari 
ous conditions to which it may respond. In 
the illustrations shown, it is supplied from 
a suitable source of current 83, and is con 
trolled by an overload relay 84 and a no 
voltage relay 85 suitably associated with the 
main supply-circuit 18 to respond to cur 
rent and voltage conditions therein. With 
these relays, the electro-magnet 81 is ener 
gized to cause the high-speed operation of 
the chart 10 upon the occurrence of an over 
load on the circuit 18 or upon failure of the 
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voltage of such circuit. These conditions, 
however, are merely shown as examples of 
the emergency conditions which may pro 
duce ????????????? of the high-speed drive. So long as such an emergency does not 
occur, the chart is driven at low speed by the 
low-speed driving mechanism 20, with over 
running at the clutch 27-26-28. When an 
emergency occurs, however, such as an over 
load or no voltage, the magnet 81 is ener 
gized and rocks the rock sleeve 65 to dis 
engage the stop finger 67 and control fin 
ger 68 from the notches in which up to 
then they have been received. Immediately 
the spring 73 snaps the loose disk 70 for 
ward, so that the control finger 68’ cannot 
re-enter the notches 74 and 75 because they 
no longer overlap. This prevents an abor 
tive attempt at starting the high-speed mech 

20 

SS 

anism in case the emergency is of exceed 
short duration, for otherwise the rec 

ord of such a short emergency might be lost 
on the chart. 
Upon the aforesaid rocking of the rock 

sleeve 65 when the emergency occurs, the 
spring motors 33 and 34 at once start the 
high-speed driving mechanismº into opera 
tion; and this starts the chart forward at 
high speed within a very small fraction of 
a second from the beginning of the emer 
gency. The high s drive of the chart is 
at a uniform speed, controlled by the criti cal-speed governor on the rock shaft 50. 
The high-speed operation continues for 

at least one revolution of the shaft 72, and 
then stops if the emergency is over by that 
time. However, if at the end of any com 
lete revolution of the shaft 72, whether the 
rst or some subsequent revolution, the 

emergency still continues, the high speed 
continues for the least one more revolution 
of such shaft 72. When the emergency 
ceases, the spring 82 moves the armature '80 
away from the magnet 81, and tries to re 
turn the stop finger 67 into engagement 
with the teeth of the stop gear 47. How 
ever, such engagement cannot occur save at 
the end of a complete rotation of the shaft 
72 from its starting P????, for at other times 
the control finger 68 rides on the unnotched 
portions of the peripheries of the disks 70 
and 71 and thus the stop finger 67 is held 
out of engaging position. In that case, the 
next time the notch 74 comes to the control 
finger 68 after the emergency has ceased, 
such control finger 68' engages the rear radi 
all wall of such notch, and thereby stops the 
loose disk 70 from rotation, thus causing 
the still-advancing notch 75 to overlap the 
now stationary notch 74 and permitting the 
control finger 68 to drop into such notches when they overlap sufficiently, and thus to 
permit the stop finger 67 to drop into a 
notch between two teeth of the stop gear 47. 
Thereupon the high-speed drive comes to an 

end, and the low-speed drive resumes its 
action in driving the chart 10. 
I claim as my invention 
1. In a graphic meter having a chart, a 

marking, device for the chart, and a low speed driving mechanism for normally driv 
ing the chart, the combination of a high 
speed driying mechanism, for driying the ?? at high speed, said high-speed driving 
mechanism being normally at rest and in 
cluding a device in which energy is stored 
and means controlled by the occurrence o an emergency for starting said high-speed 
driving mechanism into operation to utilize 
its stored energy to drive the chart at high 
S 

2. In a graphic meter having a chart, a 
marking device for the chart, and a low 
speed driving mechanism for normally driv 
ing the chart, the combination of a high 
speed driying mechanism for driving the chart at high speed, said high-speed driving 
mechanism including a device in which en 
ergy is stored, a stop-mechanism for stop 
ping said high-speed driving mechanism, 
said stopping mechanism being normally 
operative to hold the high-speed mechanism 
at rest, and means operable upon the occur 
rence of an emergency for releasing said 
stopping mechanism and thereby causing the 
high-speed driving mechanism to utilize its 
stored energy to drive the chart at high 
speed. 

3. In a graphic meter having a chart and 
a marking device for the chart, the combina 
tion of a driving mechanism for driving the 
the chart, said driving mechanism being 
normally at rest and including a device in 
which energy is stored, and means controlled 
by the occurrence of an emergency for start 
ing said driving mechanism into operation 
to utilize its stored energy to drive the 
chart. - 

4. In a graphic meter having a chart and 
a marking device for the chart, the combina 
tion of a driving mechanism for driving the chart, said driving mechanism including a 
device in which energy is stored, a stop 
mechanism for stopping said driving mecha 
nis, said stopping, mechanism being nor mally operative to hold the mechanism at 
rest, and means operable upon the occur 
rence of an emergency for releasing said 
stopping mechanism and thereby causing 
the driving mechanism to utilize its sto 
energy to drive the chart. 

5. In a device for controlling movement 
of the chart of a graphic meter, a driving 
mechanism, said driving mechanism includ 
ing a device in which energy is stored, a 
stop-mechanism for stopping said driving 
mechanism, said stopping mechanism being 
normally operative to hold the mechanism 
at rest, and means operable : the oc 

e currence of an emergency for re asing said 
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stopping mechanism and thereby causi 
the driving mechanism to utilize its stor 
energy to drive the chart. 
In witness whereof, I have hereunto set 

my hand at Indianapolis, Indiana, this 7th 
day of March, A. D. one thousand nine hun 
dred and twenty seven. 

DONALDJ. ANGUS. 


