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1o all whom 1t may concern:
Be 1t known that I, Turovore T. Frrem, a

Ed kel
[

citizenn of the United States, residing at

Washington, in the District of Columbin,
have 1nvented mnew and useful Improve-
ments m Chronographs, of which the fol-

lowing is a specification.

In chronographs use is frequently made

- of two separate and independent timing de-

vices, cne of them being very accurate and
actunating a circuit closer to energize a mag-
net or other motor which makes the time
record, and the other being used to move the
record surface on which the record is made
at a predetermined, and usually uniform

speed. In some forms of chronographs

which I have known a very accurate clock
15 used fo control the making of the record,
while the movement of the record surface is
controlled by a train of gears actuated by a
governor in connection with certain of the
This governor usually takes the
form of a fly acting by.virtue of its resist-
ance to movement in the air, though it 1s
not uncommon to use a fly-ball governor of
the common type. I have found that when
these two separate timing devices are used
1t drequently happens that the device used
to move the record surface does not always
move 1t at the same speed, owing to the fact
that its adjustment varies according to va-
riations in condition of the atmosphere and
condition of the mechanism itself. A varia-
tion in temperature, for instance, may cause
a variation in frictional resistance which is
considerable in case a fly-ball governor and

friction surfaces are used, or the mecha-

nism may become stiff in operation due to
lack of proper care. This variation in
speed 1s very undesirable and is troublesome

to correct. Moreover I have found it Very

convenlent to have the space between record
markings (for instance between successive
“second marks”) commensurate with the
length or the circumference of the record
sheet. Ispecially is this desirable in cases

where a record i1s made in the form of =

spiral on a cylindrical surface, or a sheet
wrapped around such cylindrical surface. If
the marks are commensurate with the cir-
cumference of the cylinder, an element of
the cylinder drawn through one mark will
pass through marks equidistant from each

- other on the record line, thus marking off a
record sheet 1n time intervals of equal value. '

I
1

The convenience of a record made in this
way so that successive time intervals will
all be marked on elements of the cylinder
spaced equal distances apart around the en-
tive record surface, will be readily apparent.
T'hese records of time have quite an extended
field of use in connection with records of
speed, pressure, power, etc., which are most
frequently contemporaneously made upon
the same sheet with the time record.

It 1s the object of my invention to pro-
duce a chronograph which will obviate tha
above named difficulty and insure a definite
invariable relation between the number of
time intervals recorded by marking on the
1record surface and the distances or num-
ber of rotations through which the record
surface moves. Broadly speaking I accom-
plish this result by causing the same timing
device to operate both the record making
means and the means for moving the record
surtace. The usual type of chronograph
used consists of a rotating drum carrying a
record sheet, a mechanism for driving said
drum at a uniform speed, an electro-mag-
netically controlled stylus for making the
record, and an accurate timing device for
periodically actuating the magnet by closing
its circuit through a convenient source of
power at definite time intervals.

More specifically speaking, I accomplish
my invention by doing away with the mecha-
msm used at the present time for moving
the record surface and provide an electric
motor for operating the drum. This electric
motor 1 connect 1n parallel with the electro-
magnet controlling the stylus, or connect it
1 other relations in such a manner that the
timing device controlling the stylus, also
controls the movement of the record surface.
The particular motor which I use for mov-
ing the record surface is an-electro-magnet
acting through the intermediary of a
ratchet and pawl, and giving to the ratchet
and tending to impart to the record surface,
an intermittent movement. This intermit-
tent movement I so transform by auxiliary
devices, which I shall describe, as to cause
the record surface to be moved at a con-
tinuous and uniform speed.

For a more detailed description of my in-
vention reference is to be had to the accom-
panying drawing, in which,

Figure 1 is a diagrammatic view of my
improved chronograph; Fig. 2 is a section
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talken on line 2-—2 of Tig. 1; Fig. 3 is a view | several teeth before the drum moves an ap-

of a modified form of ‘Lctua,tmg means for
the record surface; Fig. 4 1s a sectional view

of a detail of the s:&ime; and Kig. 5 1s a sec-
tional view of a portion of the end of the
drum carrying the record surface of the
chronograph showing the connection of the
drum with the actuating motor.

10 is a drum which carries the usual rec-
ord surface or sheet. This drum 1s jour-

naled in suitable bearings. At one end it 18
connected by means ol a spiral spring 11
to a ratchet wheel 12, which 1s suitably
mounted concentric with the drum. The end

—

10 wall increase until 1t reaches a

o Iy —

13 of the drum projects mnto the hollow 14
of the ratchet wheel, and the gpiral spring
11 is mounted within the hollow. A paw]
15 attached te the armature 16 of an electro-
magnet 17 cooperates with the ratchet 12.
A second pawl 18 pivoted to a fixed point
serves to prevent reverse vrotation or the

ratchet wheel when it has been actuated by !

the pawl 15. On the end of the drum 10,
opposite the ratchet 12 1s a gear 19 which
drives a fly-wheel 20 through the interme-
chary oi the step-up gears 91 22, 23. The
fy-wheel 20 1s motnted 111dependentlv of
the drum 10 so that 1t may rotate at a much
higher speed. -

Parallel to and geared in a suitable man-
ner to the drum 10 is a shaft 24 carrying a
stylus 25 whieh bears upon the record sur-
face, and the electro-magnet 26 which actu-
ates the stylus. The shaft 24 is a screw shaft
on which 1s screw-threaded the frame carry-

e .

ing the stylus 25 and its actuating magnet, !
26 the stylus being thus moved alonﬂ the
record surface as the shaft 24 is rotated
This electro-magnet 26 1s connected in par-
allel with the electro- magnet 17 across a
battery or other source of power 27, and
they are both controlled hv a clock or other
timing device 28.

With the elements of my improved chro-
nograph arranged as just described the Op-
eration is as follows: Assuming that the cir-
cuits of the electro-magnets 26 and 17 are
closed once every E-.:ecmld? the stylus will be
actuated to mark *seconds” on the record
surface and the ratchet 12 will be moved one
tooth forward every second. I prefer to
provide sixty teeth on the ratchet wheel 12
co that it will be caused to make one com-
plete revolution every minute. At each
actuation of the ratchet 12 the spring 11 1s
put under tension, having energy imparted
to 1t, and tends to rotate fhe drum or cylin-
der 10 in the same direction as the ratchet
12 has been moved. When the chronograph
1s first started in operation the friction of |
the drum and 1its connected gears, and the
inertia of the fly-wheel 20 cause a certain
amount of lag in the movement of the drum
10 and it may be that the ratchet 12 is

actuated ‘SEV’E*I“I,I times and moved forward

S

preciable amount.  The spring 11 s thus
put under constderable tension tending to
rotate the drum 10. Gradually the friction
of the gears and inertia of the fly-wheel 20
will be over come, and the speed of the drum
certaln
fixed amount. This speed which the drum
reaches will be exactly one revolution per
minute when the ratchet wheel is propor-
tioned as just described. The speed will
moreover be coustant and substantially uni-
form as when this speed 1s reached the fric-
stion of the parts in their bearings and the
resistance to motion of the fly-w heel 20 are
just overcome by the tension of the spring
11. The movement of the ratchet wheel 1s
very shght at each actuation and the tension
of the spiral spring 11 which consists of sev-
eral turnsg 1s thus substantially constant after
the drum 10 has reached its normal speed of
rotation.

Any shight tendency of the drum 10 to
vary from it substantially constant speed

-of rotation, such tendency for Instance as 1s

caused by the actuation of the ratchet wheel
12, which 1s 1ntermittent, is faken ecare of
by the fly-wheel 20. While the dram 10 re-
volves only once a minute the fly-wheel ‘?*U
1S SO neared to 1t that 1t revolves at a niuch
]]101161 speed, as high as several hundred
times per minute. B;r Tume of this step-up
gear between the drum and the fly-wheel
slight impulses transmitted to the drum by
the actuation of the ratchet 12 are scarcely
perceptible, they being almost entirely elimi-
nated by the inertia of the fly-wheel 20, Un-
der these conditions the drum rotates con-
tinuously and at a speed detex 1.1'111*1@(.1 by the
timing device of the chronograpii, the mark-
ings which are made by the stylus 25 on the
record sheet thus bearing a definite relation
to the rotation of the drnm or movement
of the record sheet, and in case the ratchet
wheel 12 is made with sixty teeth, as de-
seribed above, sixty seconds will be ‘marked
on the record surface per revolution, On
account of this definite relation of the dis-
tance between marks on the record and the
movement of the record, the distance bhe-
tween marks and the lelwth o one spiral
of the record will always e con nmensurate
and an element of the cylinder carrving the
record surface or sheet drawn through one
mark will divide the record into equa! parts.
Thus 1s secured the object of my nvention.
It is obvious that this relation will remain

true no matter what the mrlatmns 1 condi-

t1ons.

In Figs. 8 and 4 T have shown a modified
form of ratchet and pawl for operating the
drum. 12 111dlcates the ratchet to which
in this case is attached a concentric disk 29
provided with a number of notches 30 equal
to the number of teeth on the ratchet wheel.
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A stop-rod 81 guided in bearings in a fixed |

part is prE‘SSL(] by a spring 39 toward the
disk 29 and is adapted to enter one of the
notches 30 and hold the ratchet 12 in a po-
sition to which it has been moved. A frame
33 carries a pawl 34 adapted to engage the
teeth of the ratchet Wheel and move 1t one
tooth at a tune. This frame has cccured to
1t a plate 35 to the underside of which i
pivoted a %prinmp](i%ed switch 11’1(}11‘1hf 30
having a surface 37 for engaging (he pin
38 which projects into the Frame ‘"}:

from
the stop-rod 81. 89 is an 1ron-clad mngnet
whose core 15 attached to the frame

"-r*-'T'I'-—"-

B mfl
40 1s a retractile spring between the {frame
and the fixed part 41. The operation of ihis
modlﬁc,atmn 15 as foliows: When the ming-
net 39 1s energized it draws its c¢ore in and
pulls the frame 38 forward. It will he {}b-
qerved that there 1s a shight f-mm hotween
the ratehet
wheel which it is next to engage. During
the movement of the frame 33 throngh this
distance the stop-rod 31 is lifted out of the
notch which 1t engages, by the engagement
of surface 37 with the pin 38 on the rad.
The remaiming movement of the frume 33

carries the 1*atchet forward one tooth. wloen

the pin 38 slips around the end of the men-
ber 36 and the stop-rod 31 drops into the
next notch and holds the ratchet in pnmtmn

r'l.?

the frame 33 1s moved back to its mlomﬂ
position by the spring 40 and the pmﬂ

ratchets past the next tooth and into pagilion
for engaging it upon the next energization
of the magnet. Many other mechanisms Tor
actuating the ratchet may be of course used
with eqlml facility. The essence of my in-
vention I do not regard as this achmhnﬁ*
means. The essence of my invention is the
control of the means for making a receyd

-~ and the means for movi Ng the record sunrince
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by the same timing device, and the means
which are used in ordm to nbtam a (efintte
constant relation between the distance De-
tween markings and the movement of the
record surface, and the means which are used
to obtain a uniform movement of a record sur-
tace, despite the slight variations which may
be due to the partmular form of actuating
means operating the moving surface.

While I have described my invention with
respect to the most common form of chrono-
graph known to me, ¢. e. that in wl
record is carried to a rotating cylinder and
that in which the record is made by an elec-
tro-magmetically controlled stylus, it is of
course obvious that my invention may bhe
applied to other forms of chronographs, such
for instance as those in which the record

‘surtace 1s 2 plane surface and moves along
a straight line or reciprocates, aud where

the stylus 1s actuated by means other than
electro-magnetic means,

wch a

3

Many modifications may be made in {ho
general structure of the mechanism and gi-
rangement which I employ without {lvp 11t -
Ing in any way from its generic spivit, |
desire by the annexed claims which e in-
tended to point out the particular novel fea-
tures of my mvention, to cover all snch
modifications.

What I claim 1s:

1. In a chronograph, a record member to
be moved at uniform speed, an actuating
device, a coil spring, one end. of said spring
being connected to said member and the
other end to said device, said spring being
internnttently (,nelnuul bv snicl actuatmﬂ
device, and means for ¢ causing said member
to be contmuouslv moved at umftorm speed
by said spring.

2. In a {,}11*011001&1311 a member to Dbe
moved at uniforn speec, an intermittently
energized motor connected to said membor
and which tends to impart 1mpulses to said
member, means comprising a fiy-wheel for
causing said member to be moved by said
motor at the uniforimn speed, and ‘%tep-m)

- gearing between the record member and the

ﬂx Whee}

3. In a chronograph, a record surface, a
motor for moving the same, means for mak-
Ing a time 1“'ef,01d on said surface, and a
31119;1{3 timing device for conirollmo both
said motor and said means for 11*1‘11;3110 f,
record on said surface.

4. In a chronograph, a record member to
be driven at uniform speed, an intermit-

'tE‘chF’ energized motor connected to said

record member, and which imparts impulses
to sald member, means also connected to
said member for causing said member to be
continuously moved at uniform speed by
sald motor, and means for making a time
record upon said member as it is moved.

5. In a chronograph, a record surface to be
driven at uniform speed, an intermittently
energized motor connected to said surface
and which 1mparts impulses to said surface,
means also connected to said surface for
causing sald surface to be continuously
moved at uniform speed by said motor, a
second motor for making a time record on
said surface as it is moved by the first motor,
and a timing device common to both motors
for controllmn their operation.

6. Tn combination a chronograph compris-
g a record bearing member, suitably
mounted to rotate, an electro-magnet for ro-
tating said member 2 ratchet wheel moved
mterrmttently by said magnet, a colled
spring connection between said ratchet mem-
ber and record member, a fly-wheel geared
to the record member for i insuring the revo-

Jution of said record member at absolutely

constant and uniform speed, means for mak-
Ing a time record on said member a clock
for controlling said means, and means
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whereby said electro- magnet is energlzed
simultaneously with the nmkmg of a record
on_ '3:1:1':1 member.

. In combination a record bearing mex-
ber @ motor for rotating the same gealc(l
thereto by a yielding cormectmn 8 means
for making a record on said surface and a
time piece which causes the simultaneous Op-
eration of said record making means, and
sald motor.

3. In combination, a record bearing mem-
ber, an electro-magnet for driving the same,
an ntermittent grip device between said

electro-magnet and said record bearing mem-
ber, a w,rwldum connection from said inter-
mittent grip device to said drum, electrically
operated means for making the time record
on sald member, a chronmnetel, and electric
circnits closed by the chronometer at 1egulfw
intervals to cause the snnultaneom energiz
(1on of the electrical recording means and the
(l1'; 1\'111 o electromagnets.

9. A record be.-;umn niember, means for
(llef*tmmlly driving the same, means for elec-
trically ‘)‘jelﬂtlllﬂ‘ a I‘EC{“I‘dlnﬂ device, and a
chronometer which c)unultqnﬂoug]v ENErgizes

sald electric driving means, and said elec-
trlmlly operated recording device.

10. In a chronograph, a cvlmdrlcal record
bearing member, a record making device,
mneans “for operating said record 111‘1L1110 de-
vice at regular 1111261"?%1% to record those 111-
tervals, means for moving said record mak-
ng device and cy]mder record relatively,

981,989

- whereby a record of time intervals is mada

on the eylindrical member in helical form,and
a common controlling means which controls
stimultaneously both said means for operat-

C1ng said record making device, and said

means for moving said device and cylinder

record relatively.
11. In a chronograph, a record bearing
member, recording means, and a motor which

causes velative movement of sald recording

means and record bearing member, whereby
a continuous linear record is formed and a
chronometer which controls said motor and
also controls the operation of the recording
means at.regular intervals,

12. In a (‘111‘()]1001"‘11)}1 a record bearing
m{*mbe , an electrical recording means, an
dectm-m aonet for mmmo Sﬂﬂ/recordmﬂ
means and record member 1elﬂtwely to each
other, circuits from a source of power both
to said recording means and to said magnet,
and a chr mmmeter whl{'h causes the closuw
of said cireuits to energize the electric re-
cording means to 1ecord and said magnet to
cause a relative movement of the 1ecord1110
means and record bearing member.

In testimony whereof T have hereunto set

my hand in presence of two subscribing wit-

nesses,

THEODORE T. FITCH.

Witnesses:
T1tomas DuranT,
Jonin R. Tarpox.
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