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Unrtep StaTES PATENT OFFICE.

EMILE PARENTHOU,

OF PARIS, FRANCE.

APPARATUS FOR RECORDING THE FLEXURE OF BRIDGES.

SPECIFICATION forming part of Letters Patent No. 500,775, dated July 4, 1893,
Application filed July 8, 1892, Serial No, 438,439, (Nomodel) Patented in France September 15, 1891, No. 2,161,

To all whom it may concern:

Be it known that I, EMILE PARENTHOU, &
citizen of the Republic of France, residing at
Paris, France, have invented an Apparatus
for Recording the Flexures of Bridges, &c.,
of which the following is a specification.

The invention has been patented in F'rance
under the date of September 15, 1891, No.
2,161.

My invention refers to an indicating and
recording apparatus, which permits of record-
ing the variations in flections of metallic
structures, and particularly that of the beams
of bridges.

My apparatus can also be used where con-
tinuons beams are made use of, which have
several resting points, and the same will in-
dicate and record flections with stationary
loads or rolling loads.

My apparatus is based on the following
principle:—Suppose a receptacle A, is set up
at any point of a bridge beam, which con-
tains water or any other liquid such as mer-
cury, oil, kerosene, &c., to a certain height.
This receptacle communicates by a tube with
another receptacle B set up stationarily be-
yond the bridge. In virtue of the principle
which exists in two communicating vessels,
no matter what the flection beof the beam at
the points where the receptacle A is placed,
the same level will be established at A and at
B, so that any lowering of the receptacle A
will determine in the stationary receptacle,a
corresponding lowering of thelevelof thelig-
uid and vice versa, if the receptacle A were
raised, the level of the water or liquid in the
receptacle B will be raised in the quantity in-
versely proportionate to the surfaces of the
liquid in the two vessels.

In the accompanying drawings, Figurel is
a view of my apparatus in its entirety ar-
ranged for experimentson metallicstructures
with two beams, only one of the reservoirs A
placed on the beams being shown. Tig. 2 is
an end view of the same apparatus. Fig2°
is a section on line 2*—2* of Fig. 1. TFig. 2"
is a section on line 2"—2° of Fig. 1; Fig. 2¢

‘a section on line 2°—2¢ of Fig. 2, and Fig. 24

is a view from the right of Fig. 2°. Fig. 3 is
a plan view of the upperframe. Iig. 4 shows
in plan view the stationary reservoirs situ-
ated beyond the bridge. Tig. 5 is a cireuit

breaker used in my apparatus. Fig. 6 is an
end view of the same. [Fig. 7 shows the de-
veloped eylinder of the cireuit breaker. Fig.
8 shows in detail the automatic mechanism
actuating the circuit breaker. TFig.9isasec-
tion of the support of the two stationary cyl-
inders of which Fig. 10 gives the detailed view,
Tig. 11 shows the connection of the electro
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magnet actuating the cylinder with the cir- .

cuit breaker, actuated by a clock-work. Tig.
12, is a view of one of the sheets used to re-
ceive the impression or marks from styluses.

The apparatus as shown in the drawings
comprises two stationary vessels as B, B’, Fig.
1 and two vessels, A, only one of the latter
however being shown, but the apparatus can
be constructed having a larger number of ves-
sels if experiments are to be made on metal-
lie structures, composed of a larger number
of beams. The vessels A are placed one on
each beam or other part of the bridge fo par-
take of the movement thereof. Two floats, b
and 0’ placed in the vessels B and B’ follow
the variations of the level of the liquid and
communicate their movement to two flexible
blades s and s’ each bearing astylus, by means
of two of the levers [ /. These levers are piv-
oted to the frame work at the points O. A#f
one end of each of these levers the cords b*?
respectively are attached. The counterbal-
ance weights 50 are carried on the other ends
of gaid levers. These levers and weights are
shown in Fig.1. The stationary vessels and
the movable ones have not the same cross sec-
tional area in order to augment in the vessel
B, the variations of the level of the liquid
produced by the variations of the level in ves-
sel A, which result is obtained by having the
cross sectional area of the vessel B less than
that of the vessel A, or else to diminish the
variations which result is obtained by giving
B a larger cross sectional area than in A.
Each float is connected to one end of the cor-
responding levers [ or I/, of which the other
end bears the counter weight 50, which estab-
lishes the equilibrium to the weight of the
float. Each movement of one of the floats
will produce on the corresponding stylus an
oscillation around the point O. The scope of
the oscillation will depend upon the length of
the movement of the float. A recording cyl-
inder C, Figs. 1,2 and 2* which has a regular
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rotary movement, is placed opposite the stylus
carrying blades s and s’,the styluses of which
mark on the surface of this cylinder or the
paper carried thereby, the oscillations pro-
duced by the movement of the floats.

The rotary movement of the cylinder is ob-
tained by means of the electro magnet E,
Irigs. 1, 2, and 11 which magnet is energized
at intervals from the cirecuit shown in Fig.11,
which eireuit is controlled by a cireuit break-
ing mechanism shown on the left of said Fig.
11 and in TFig. 5 and hereinafter described.
This magnet attracting the plate G, fixed on
the lever ¥, pivoted in the bracket 3 Figs. 1
and 2 moves the rod H, toward the left, Fig.
1, and this latter, which is pivoted to the le-
ver I at I Fig. 1 engages and actuates the
tooth wheel I to the amount equal to the
breadth of a tooth. By the endless screw J
on the shaft I’ of the toothed wheel T and the
gearing XK, on the shaft of the cylinder C,
Figs. 1 and 2 the rotary movement of the
wheel is transmitted to the recording cylin-
der. The lever F is returned to normal po-
sition by the spring F*,

Toobtain aregular movement and different
speeds according to the experiments to be
made, it suffices to control the electro magnet
by an automatic circuit breaker, giving a con-
stant number of interruptions per unity of
1t3§me during the whole duration of the opera-

ion. '

I will deseribe farther on the eircuit breaker
mechanism which I have adopted to obtain
this result. The paper upon which the dif-
ferent inscriptions of the stylus are to be
made, comes from a storage roller M’, jour-
naled in the frame of the apparatus at the
slotted part M* Fig. 2, and rolls onto the cyl-
inder C after having been subjected to the
action, first of the stylus on the blade s and
that on the blade s’ actuated by the floats b
b, so that said blades have movement longi-
tudinally of the recording cylinder, second of
the stylus blade s’” which can at the will of

. the operator,be given a back and forward
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movement through a suitable circuit herein-
after referred to by means of the armature T’
and magnet T shown in Figs. 1 and 2° and
which by producing on the paper a number

of small signs, or better, small cuts 20 Fig.

12, which can be varied at the desire of the
operator, permits of recording the oscilla-
tions produced by the stylus during the dif-
ferent experiments, and third,—by a series of
equally distant styluses 51 placed above the
cylinder and which are destined to trace on
the paper a number of parallel equally dis-
tant lines.

The several styluses 51 are mounted on the
frame 52 Fig. 8, divided into two parts each
of which is dovetailed into the main support-
ing frame at 53, to be adjusted so as to bring
at the beginning of the operation the record-
ing stylusin contact with the zero line. This
dovetailed construction is shown in Fig. 2.

500,775

It may be useful to separate the eylinder
for a certain time from the recording stylus
so as not to inseribe the oscillations produced
by outside causes and which are not to be
recorded, such as for instance when experi-
menting with a bridge, and it is desired to
temporarily stop the recording during the
passage of a train, &e. To cause this sepa-
ration, the two flexible bladess, s’ bearing the
styluses, are placed opposite the frame P, Q,
R, mounted on the axle S in such a manner
that the rotation of the latter carries with it
the frame and consequently the cross bar R,
which then bearingon thestylus blades, sepa-
rates them from the eylinder.

The rotary movement of the axle S is ob-
tained by means of the electro magnet T”, Fig.
2 which is arranged in the following man-
ner:—The permanent magnet T’’, is horse-
shoe shaped and extends around the electro-
magnet 17, at the interior of which there isa
soft iron core, whose end T?lies between the
two poles of the permanent magnet T, As
long as there is no current traversing the
electro-magnet T” the soft iron core will re-
main without motion in position where the
current placed it during the preceding ex-
periment. As soon as the current goes
through the electro-magnet T, a pole will
be formed on the extremity T®of thesoft iron
in regard to its position to the permanent
magnet T/ and this end of the soft iron will
be attracted by thepole of a contrary quality.
By this attraction, it will turn the rock shaft
or axle S as said electromagnet is carried
thereby at the lower end, as shown at the left
of Fig. 1, and consequently the frame P, Q, R,
will be turned which will move the styluses
to or from the cylinder. T'oseparate the soft
iron core from the pole of the magnet T’
which attracted it, the direction of the cur-
rent is changed, which, in all cases, lasts but
an instant.

The seope of the oscillations of each record-
ing stylus, although dependent upon the
pitch of the beam and difference of the eross
areas of the stationary and the movable ves-
sels, depends also from the point to which the
corresponding float is attached on the lever!.
The fastening point of the float on thelever,
can be charged and fixed by the set screws 0%
Iig. 1 and to permit the cord connecting the
float tothe lever, to remain in a vertical posi-
tion, thereceptacle B and B’ must also be mov-
able. Tothispurpose,theplates1—2,onwhich
the receptacles are placed,can be adjusted in
the guides 1* to the apparatus in a groove
madeinthelower gnide 3 Figs. 1,4and 9. The
two plates are fixed in the desired position by
means of serews 4 and 5. By mounting the
stationary vessels B B’ on lower plates, or
caps b* Figs.1 and 9 they can be turned
around on their axis so as to conveniently
place the tubes which form the connection
with the movable vessels A A and the ap-
paratus can also be placed in different posi-
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tionsin respect to the movable vessels, accord-
ing to the arrangements of the metallic struet-
ure upon which experiments are to be made.

The apparatus, such as described, or its
parts working by electricity, can be placed at
a distant point from the spot where the op-
erator is, who can also work several appara-
tus at a time, provided the different electri-
cal cirenits be united at the center of oper-
ations. Each apparatus has three circuits:
first, circuit No. 1, Fig. 1 provided with a mag-
netand armature which actuates the stylus s’
or numbering stylus; second, circuit No. 2,
Tigs. 1 and 2 which serves to separate the eyl-
inder when desired, from the recording stylus
thesaid cireuit being controlled by the opera-
tor; third, cireuit No. 3, Fig. 11 which actuates
the recording cylinder and which is arranged
in the following manner: The batteries ¢ Fig.
11, are united by one of the circuit wires to the
condueting plate 7 Figs. 8 and 11 and the cur-
rent can pass through the plate only when it is
incontact with the contact No. 9. Thistakes
place only at the precise moment when one of
the teeth of the wheel 11 bears with its apex
on the bearing No. 10 on the plate 7. At this
instant, a current goes to contact 14 and
passes only if the contact is established. It
is thus seen that the current can traversethe
apparatus shown at Fig. 8 only when the two
plates 7 and 8 are in contact with the con-
tacts 9 and 14, which will last only an instant,
in consequence of the ratchetsof thewheels1l
and 12 which move the plates7and 8 respect-
ively. These wheels are rotated by a clock-
work placed at 15, which also actuates the
¢ircuit breaking drum 16. The plates 7 and
8 are connected electrically at their pivoted
ends by the wire 7*. This drum 16 is formed
of four condueting rings «, ¢/, a’’, o’’’ and
four non-condueting rings ¢, ¢, ¢”’, ¢’’’/ pro-
vided with conducting parts, adapted to form
an electrical connection between the blade
18 which bears thereon and the blade 17
bearing on the conducting ring the said con-
dueting ring being in electrical connection
with the conducting portions of the adjacent
non conducting ringsc,c¢’,¢”’,¢’’’. The num-
ber of conducting parts on the ring ¢ is
greater than on the ring ¢, and likewise the
ring ¢/’ has more than the ring ¢/, and the
ring ¢’’’ more than the ring ¢, so that the
number of electrical connections established
between the blades 17 and 18 in one revolu-
tion of the drum 16 may be changed by ad-
justing the arms 17, 18 as desired. = The elec-
trical current coming from the contact 8
passes into the blade 17, Fig. 11 and is sent
to the electro magnet E whenever the blade
18 comes into contact with one of the con-
ducting parts of the rings ¢, ¢/, ¢/, ¢’’’. Itis
seen that according to the adjusted position
held by the blades 17and 18 in respect to the
drum 16, the current traverses the electro
magnet a greater or less number of times in
a given period of time. The cylinder C will

" therefore have a speed which varies accord-

ing to the position of theblades 17 and 18 in
relation to the circuit making and breaking
rings above mentioned.

The adjustmentof the blades 17 and 18 may
be effected in any suitable manner but for
convenience I have indicated in Figs. 5 and
11 that the blades may be set at different
points along the base board or plate 17* which
is provided with a series of holes 17° to re-
ceive the holding serewsof the blades.

In the operation of the devices the rotary
movement of the cylinder will cause the sty-
luses 51 to make a series of parallel lines on
the paper as at 90 Fig.12. The styluses ear-
ried on the blades s s’ will move transversely
of these lines under the rise and fall of the
liguid in the vessels B B’ due to the varia-
tions inthe height of the liquid in the vessels
A A, and the amount of flexure will be seen
by the number of these parallel spacesor lines
which are traced or crossed laterally by the
marks or lines 91 made by the styluses s s’.
One of said styluses may move more than the
other according to the flexure at the point
where the vessel A corresponding thereto is
placed and it can thus be seen at a glance
which partof the structure has the most flex-
ure. The electric ecirenits 1, 2 controlling
the action of styluses s s” and s’/ respectively
are opened and closed at the will of the oper-
ator by means of any ordinary push button
or cirenit closers. The series of styluses 51,
operate by pressing upon the paper on the
cylinder.

T claim—

1. In combination the movable-liquid con-
taining vessel, the stationary vessel, the pipe
connections between them, the float in the
stationary vessel, a recording device, and a
connection from the said float extending ount-
side the vessel to the recording device, sub-
stantially as deseribed.

2. In an apparatus for recording the flex-
ure of a flexible structure the combination of
the recording eylinder with means for mov-
ing it, a recording stylus,a pivoted lever car-
rying the same, a float connected with said
lever, a vessel containing a liquid and said
float, and a second liquid-containing vessel
carried Dy the flexible structure and connect-
ed with the vessel first mentioned, substan-
tially as described.

3. In combination in a recorder, the stylus
with operating means therefor, the cylinder,
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the electro magnet, the armature, the ratchet -

and ratehet shaft operated by the armature,
the cylinder shaft having a worm wheel and
the worm on the ratchet shaft, substantially
as described.

4. In combination the eylinder with means
for moving it, the stylus in normal engage-
ment with the eylinder, the pivoted support
for said stylus, the means for operating the
same to make the record, consisting of the
stationary vessel having a float connected to
the pivoted support and the movable vessel
having a pipe connection with the stationary
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vessel, the shaft and frame for moving the
said stylus toward and from the cylinder, the
electro magnet and armature in connection
with the said shaft and frame for controlling
it and the electric cireuit including the said
magnet whereby the operation of the stylus
may be controlled from a distant point, sub-
stantially as described.

5. In combination the recording cylinder,
the stylus, the lever carrying the stylus, the

vessel B carrying a float, a liquid supply, a

pipe connection between the said vessel and
the liquid supply, the adjustable connection
between the float and the stylus lever the
said vessel being adjustable also, and the
means for adjustably holding the said vessel
substantially as described.

6. In combination, the recording eylinder,
a series of styluses arranged to bear on said
cylinderand extending from end to end there-
of to make parallel lines longitudinally of the
strip and a recording stylus supported to have
movement longitudinally of the cylinder and
laterally of the paper strip thereon to cross
the parallel lines made by the series of sty-
lnses,and means for operating the recording
stylus longitudinally of the cylinder whereby
the record marks and the parallel lines cross-
ing the same are placed simultaneously on
the paper strip,substantially as deseribed.

7. In combination the recording cylinder
with means for moving it, a pair of styluses,
one near each end of the said eylinder, the
movable supports for said styluses, the two
vessels B, B, arranged side by side containing
liquids, the floats therein, the connections
from the floats to the movable stylus supports,
and the independent means for operating the
floats adapted to be placed at different sides
or portions of the flexible structure, said
means consisting of the movable vessels and
the flexible connectionstherefrom to the ves-
sels B B, substantially as described.

8. In an apparatus for recording the flex-
ure of bridges and like structures, the record-
ing eylinder arranged to be placed at a dis-
tance from the structure on astationary sup-
port, the recording stylus, the vessel B hav-
ing a float connected with the said stylus the
liguid vessel A adapted to be placed on the
structure the conduit between the vessels A
and B the said stylus being movable toward
and fromthe cylinder and the means for mov-
ing the stylus to or from the cylinder and con-
trolling said movement from a distant point
consisting of the electro magnet and arma-
ture and the electric circuit extending there-
from to the said distant point, substantially
as described.

500,775

9. Tn eombination the cylinder, the record-
ing stylus, the means for operating it over the
surface of the eylinder,consisting of theliquid
containing vessel B, the float therein con-
nected to the stylus and the second liquid
containing vessel connected to the vessel B,
the numbering stylus '’ and the means for
operating the same at the will of the attend-
ant consisting of the electro magnet and arm-
ature and the electric circuit whereby the
number of the records may be made upon the
paper by the attendant from a distant point,
substantially as described.

10. In combination, the ¢ylinderthe record-
ing stylus with vibrating operating means
therefor adapted to transmit the vibrations
of the structure to be tested, the means for ro-
tating the cylinder consisting of the electro
magnet and armature, the operating connec-
tions between the said armature and the eyl-
indershaft, the electric circuit extending from
the electro magnet to a distant point and the
adjustable circuit breaker at said distant
point whereby the rotation of the cylinder
may be varied to correspond to the rapidity
of the vibrationsof the flexible struecture, sub-
stantially as desecribed.

11. In combination the c¢ylinder, the electro
magnet and armature with connections to the
said eylinder, the electric cirenit with an ad-
justable circuit breaker, the recording stylus
with vibrating means for operating the same
to make the record of vibrations of the struct-
ure to Dbe tested, the electro magnet and ar-
mature having connectiong with- the said
stylus to regulate its position relatively to
the cylinder, and the electrie circuit extend-
ing to a distant point for controlling the said
magnet and armature, substantially as de-
seribed.

12. Incombination, the eylinder, theelectro
magnet and armature with connections to the
said eylinder, the electric circuit with an ad-
justable circuit breaker and the recording
stylus with means for operating the same the
said adjustable circuit breaker comprising
the cylinder 16, with a series of conducting
and non-conducting rings, the adjustable
blades 17, 18, to contact with said rings and
the means for operating the eylinder, substan-
tially as deseribed.

In testimony whereof I have signed this
specification in the presence of two subserib-
ing witnesses.

EMILE PARENTHOU.

Witnesses:
Rost. M. HOOPER,
JOSEPH TOURNIER.
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