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UNITED STATES

PaTeENT OFFICE.

KENNETH E. STUART OB‘ PIIILADELPHIA PENNSYLVANIA ASSIGNOR TO
- THE BATCHELLER PNEUMATIC TUBE COMPANY, OF PIIILADELPHIA
PENNSYLVANIA, A CORPORATION OF WEST VIRGINIA.

APPARATUS FOR _ASCERTAINING THE CONDITION OF PlPE-CONDUITS'.'

SP_EGIE A""IOI.\T forming part of Letters Patent N 0. 721,476, da,ted February 24, 1903

Annhcatwn ﬁled June 16, 1900, Serial No. 20,514,

(No model,)

To all whom it My COTLCET TS
Be it known that I KENNETH E. STUART, a
citizen of the Umted States of America, re-

siding in the city and county of Phlladelphla, |
in the State of Pennsylvania, have invented

a certain new and useful Improvement in Ap-
paratus for Ascertaining the Condition of
Pipe-Conduits, of which bhe following is a

true and exact descrlpmon reference bemﬂ'
had to the acecompanying drawmgs Wthh

- form a part thereof.

15

My invention relates to apparatus having

for its purpose to enable an operator to as-
~certain the condition of pipe-conduits, par-
ticularly pneumatic-tube lines, my appara-

- tus being particularly designed for the detec-

20

tion of 1eaks 1n such eondmts but adapted
also to show with considerable accuracy the

presence of mequahtles and rough places in

the line.

The object of my invention is to prowde
simple and efficient apparatus of this char-
acter; and the leading feature of my inven-

tion eonmsts in the use of a dlaphrawm situ-
ated between two chambers, both of which

- are in communication with the pipe-conduit,

‘in combination with means by which -the vi-
brations of the diaphragm are made apparent

- to the senses.

0

35
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My apparatus 18 ada,pted to be conneeted..

to a conduit containing air or other gas un-
der high pressure, the diaphragm being se-
cure agamsb injury from andue pressure or
Impulsive fluctuations in pressure, owing to

the fact that the pressure acts on both sn:'le@ |
In apparatus of this kind the vibrations oc-

curring in the pipe-conduitare communicated
t0 both of the chambers. between which the
diaphragm is situated, and the motions of

the diaphragm will be only such as are due

to the difference in the force of the vibrations
acting simultaneously, or nearly so, on its op-
posﬂse faces, such differences being provided

-for in the constructmn of the appalatus and

preferably also by regulable mechanism by
which the foree of the vibrations passing to
one chamber can be regulated.

My invention also consists in various me-

~chanical devices adapted for developing the

50 prineiple above stated and for producing the

form of my apparatus and having
a circular aperture A’ through IBS front Wall ,

| best, e'f”feets, the nature of which will be best

understood as described in connection with
the drawings in which my apparatus is illus-
trated, and In which— -

Fw*ure 1 is a plan view of the anpalatus
taken as on the section-line 11 of Fig. 3. Fig.

2 is an end view of the apparatus, ta;ken on.
Fig.
3 is a cross-section of the apparatus, taken on

the irregular section-line 2 2 of Fig. 1.

the secticn-line 3 3 of Fig. 1. Fig. 4isa cross-
sectional view through the ﬁlm -casing and

end of the-apparatus, ta,ken ason the seetlon- |

line 4 4 of Fig. 1. Fig. 5 is a sectional view
taken as on the Se(‘tl()ll line 5 5 of Fig. 1. Fig.
6 1s a diagrammatic view 1llustlatmw the
light-rays a,nd the manner in which they are
thrown upon the photogmphm ilm. Figs. 7

55
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and 8 are diagrammatic views illustrating the

mode of detection of leaks in pneumatw-
transit pipes. Fig. 9 is a plan view of the
record made upon the photographie film, and

Fig. 10 is 4 sectional elevation of a modlﬁca- -

tlon of my apparatus.

A, Figs. 1, 2, 3,4, 5, 7, and 8, mdmates &
box or casmg employed in the preferred
, &S shown,

another circular aperture A¥in 1t8 rear wa,ll
inwhichis alsoformed alongitudinal slot, (m-

75

dicated at A3,) A* indleatmg a circular ap- 8_0'.- '.

erture in the front wall, and A5 and AS pro-
jectionsfrom the bottom of the box or casing.

B, (see Figs. 1 and 3) is an air-chamber in- =
cloqed as shown, in the casing A and having

short plpe SGGTIOIH or thlrnbles, as lndlcated
at B" B* leading into it.

Cis a pipe whlch 18 intended to be con-
nected with the pipe-conduit, as shown in
Figs. 7 and 8. This pipe is formed with two

| brancheb C"and.C? the branch C? béing con-
trolled as to its opening by a reﬂ'ula,tmw eoek -

(indicated &t C3,)

8t

90

C*tand C° are annular castings which are -

fsecured together at their rims, as indicated

in Fig. 1, and secured in the circular aper-
ture A’ of the box A. The castings are

| shaped, as shown, so asto form a lens- shaned -

chamber between them, and the casting C%is
formed with an outwa,ldly projecting exter-
nally-threaded flange, (indicated at (%) also

95

100
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with a shorter internally-threaded flange, (in-
dieated at C%,) C°indicating the clamping-
ring serewing on the externally - threaded
flange C% and C° indicating a short pipe-
section screwing into the internally-threaded
flange C". _-

D is a flexible diaphragm secured between
the annular castings C? and C° and dividing
the lens-shaped chamber formed by these
castings into two chambers, (indicated at C*
and B*.) . _

D’ indicates a finger projecting from the
inner face of the diaphragm D and resting
in contact with a mirror (indicated at D?)
supported on a spring, (shown at D®.)

D¢ is a transparent glass plate clamped on
the end of the projection C® by means of the
clamping-ring C°. -

E and E/, Fig. 1, indicate pipe-sections, as
shown rubber hose, coupling the pipe branch

C? to the thimble B’ and the short pipe C° to |

the thimble B-.

F B’ and F? F3 indicate lamps adapted to
throw rays of light into the casing A through
the apparatus to be described, the lamp I | O
throwing its ray of light into a tube G, se-
cured in the aperture A®*and which, asshown,
has fitted in its outer end a tube-section G,

having an external flange ¢, into the outer

ond of which fits another tube-section G~
having an annular flange ¢?, the tube-section
G2 being transversely slotted to give passage
to a slide G7, having a narrow vertical slot
formed in it, as indicated at ¢7, and the tube-
section (G2 is made longitudinally adjustable
in the tube-section G/, so that the slide can
be held in place between the flanges g' and g~

G2 is a tube-section fitting on the slide on

the inner end of the tube G and having se-
cured to it, as shown, another pipe-section.

G!, against the outerend of which is clamped
a lens G° by means of a clamping-ring G”.

I (see Figs. 1 to 4) is a wooden Dblock se-
cured against the rear face of the casing A
and having formed in it a chamber or recess
I, corresponding to and registering with the
slotted opening A% in the rear of the casing.
The block H is also longitudinally slotted, as

indicated at II?, to recelve a slide I, having

a horizontal narrow slit I' formed in it, H°
indicating a backing,which may conveniently
be of black velvet, which is secured to the
inner portion of the slit H* and in contact

~ with which moves the slide I.

H+ H4 indicate recesses formed in the outer
face of the block II, over which project me-
tallic lags, (indicated at i) It should Dbe

mentioned that the slot H?is enlarged in the.
interior of the bloek, as indicated at H°, so
» as to afford room for the passage of a photo-

oraphic fil, (indicated at HS,) which enters

and leaves the slots through openings (indi-
cated at 1% hf) in the rear face of the block.

J indicates a rectangular box supporting

“rolls, (indicated at J' J',) also guide-rolls, (in-
dicated at J? J?)) the film II°® being wound on.

Y
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J2 on its way to and from the slot H? asshown
in Fig. 4. | | |

J3 indicates a crank-arm by which one of
the rolls J' ecan berevolved and the film caused
to move through the slot.

K indicates the outer lid or cover of the
box, which is provided with metallic fingers
(indicated at K') having an outward spring
and adapted to fit under the metal lugs A% as
shown. When these fingersare engaged with
the lugs, the film-box J is securely held in
position and tightly closed against the admis-
sion of light. '_

L is a tube fitting into the annular opening
At and having a telescopic extension fitting
over its inner end, in which is held a lens L4,
secured in place by a clamping-ring I°.

L5 is a head screwing on the outer end ot
the tube L and having a narrow slot formed
in it, as indicated at I*, which should be ver-
tical, as indicated.

M (see Figs. 1, 3; and 5) is a box.in which

is supported a pivot M, upon which is pivoted
an arm M2, supporting a sereen M3, which is
adapted to rock from a position.covering the
slot i° to a position to one side of said slot.

M4 is an electromagnet by which the arm
M? is drawn to a position which will move the
screen sway from the slot, a spring, as indi-
cated at M, serving to draw it back to nor-
mal position covering the slot, stop 71> hold-
ing the screen or shutter In proper position.
The electromagnet M! is connected with an
electrical circuit, (indicated at M7, ) -M® indi-
cating the battery, and M5 a pendulum,which,
as indicated, is intended to be a second pen-
dulum and which forms a part of the circuib
supporting a point m®°, which at each swing
of the pendulum comes in contact with a but-
ton M6, ecompleting the circuit.

N, Figs. 7, 8, and 10, indicates a pneu-
matie-transit line connected with my appa-
ratus through pipe C, as shown, n in Figs.7
and 8 indicating leaks or openingsin the con-
duits, and O O indicating carriers moving in
the condnits in the direction of the arrows;
P, in Fig. 9, a portion of the photographic
film with the record made by my apparatus
apon it, P’ indicating a series of dots indieat-
ing time, P? an unbroken line formed by the
effect of a ray reflected from the glass plate
D¢, and P® a line formed on the film by the
action of the ray reflected from the mirror D=

In Fig. 10 I have illustrated a modification
of my apparatus in which the record 1is re-
ceived by ear.. In this construction the an-
nular cone-shaped casting C! is secured di-
rectly to the air-box, (here indicated at 0%,)
which in this construction takes the place of
both the air-box B and the chamber B*. D
indicates the diaphragm situated between the
chamber ¢X and the chamber 0%, d' is a me-
tallic finger secured at one edge of the dia-
phragm, but out of electrical contaet with it.
? indicates a platinum button supported on
the finger d’, and resting against the dia-

the rolls J’' and passing over the guide-rolls | phragm d® is a metallic finger supporting a
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carbon button d!, which rests against the
platinum button d® p indicates an electric
circuit connecting with the finger d' and d@,

P’ indicating a battery, p? a switeh, p°anin-

duction-coil, and p* a telephonic receiver.

~In operation of my preferred visual record-

ing apparatus the lights (indicated at F F and
F* F°) are lighted, the first light throwing
through the slit g7 of the slide G7a vertical
ray of light against and through the glass
plate D* and against the mirror D2 This ray
s reflected from both the glass plate and the
mirror, a8 indicated in Fig. 6, the light re-

- Hleeted from the plate being indicated at Q

[5
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and the light reflected from the mirror being

‘Indicated at Q’, the dotted line (also marked

Q') indicating the effect of vibrations in the
mirror. The ray from the lamp F? F3, thrown
through the vertical slit 5, is indicated at Q?
in Fig. 6, and the time-escapement operating
the shutter or screen M3 being in operation
the light-ray Q* will only be thrown intermit-
tently on the film H®, making when the film
I8 moving a series of dots, (indicated at P,
Fig. 9,) each of which marks the lapse of a
second. o R -

It will be obvious that all vibrations occur-
ring in the conduit-line N will be communi-

cated to the tube C and through the branch

C' of said tube to thechamber X and the inner

face of the diaphragm D. These vibrations,

however, if not modified inscope and tosome

extent in character will not be of such a char- .

acter as to be easily recorded; but obviously
the same vibrations are indicated through the
branch tube C* and the air-chamber B and
the pipe E’ to the chamber B* and with an

amplitude which can be nicely regunlated by

the cock C%. The motion of the diaphragm D,
however, will be that resulting from the dif-

- ference in the impulses communicated to the

- 50

55
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twochambersbetween which itissituated,and

~ tnese *“differential vibrations,” so to speak,
- will still be of a character to nicely indicate -
the actual changes and the character of Vi- _ _
' - ‘| ceeding the  passing of the leak do not ex-

18t permanently, for within a_brief space of .
time the velocity of the carrier will have di-
minished, so that the space displaced by itis:
completely filled by the air that does not es-

brations in the tube.

The necessary difference in the character

of the vibrations communicated to the oppo-

site sides of the diaphragm D ean be brought

about by any means which will bring about

an inequality in the force of the vibrations
~communicated through the two conduits to
the diaphragm, and in the construction illus-:

trated this inequality is brought about by
means of fourdifferentbut coacting devices,
namely: in the first place, by the restriction
of the passage in the conduit C? by means of
the stop-cock C2; in the second place, by in-
cloding in the conduit C? a chamber, such
as B, of greater area and eapacity than any
chamber direetly connected with the conduit

C’; in the third place, by directing the vibra-

tions against the diaphragm in different di-
rections—for instance, the conduit C' being
at right angles to the diaphragm and the con-
duit C°, forming the delivery end of the con-

|

'|

air that does not eseape is not ‘sufficient to-

e

R ]

duit C? being at an acute angle to the dia-
phragm—and,inthe fourth place,the effective
force of the vibrations will vary in accord-
ance with the portion of the diaphragm upon
which they directly impinge.
brations communicated through condait ¢’

act with greater force than those from con- =
duits C° C% because the first impinge on the

center of the diaphragm and‘the last near its
When the carrier passes aleak,

outer edge.

T'hus the vi-

. .'1 B .
. J,f?'-j*, .

75

awave of rarefactionissent travelin gthrough

the tube in the direction of the source of the

air-supply and a wave of compression in the
oppositedirection. This may be explained as

30

follows: While the carrieris passing through -

a smooth unbroken conduit the air coming

from the source is always just sufficient t0

occupy the space displaced by the carrier.

After the leak is passed some of the air sup-

plied at the source escapes through it. The

occupy the space displaced by the earrier

traveling at undiminished velocity. Conse-
quently its velocity must diminish. Owing
to the momentum of the carrier, however, -
such diminution of velocity requires an ap-

preciable lapse of time, during which the
pressure immediately behind the.carrier must

fall somewhat. In other words, before the
carrier can adjust itself to the new conditions -

1t has opened up aregion of comparative rare-

back to the source in the form of a wave., Be-
fore the carrier has reached the leak some of

e o

95

fied air behind itself, and this region travels

of 100
the air ahead of it escapes through the leak. =

After the carrier has passed the leak this exit

is closed. Before the carrier has adjusted
i itself to the new conditions it must, there-

fore, have caused a region of comparatively

]_'05. . |

dense air ahead of 1tself, whiceh region trav- o
els in the form of a wave through the conduit

away from the source of air-supply.

It will be seen that the comparatively rm‘e-__ '
fied region at the rear of the carrier and

IIO

dense region ahead of it at the instant suc-

cape through the leak., Equilibrium is there-

fore restored, and though the carrier contin- c
ues on its way at diminished velocity the dis- |

turbance caused by the passing of the leak
gradually diesout. ~ .
Irregularities, rough places, shoulders be-

sage of the carrier, causing a momentary

rarefaction ahead of it and compression be-
These disturbances travel in the
form of waves in their respective directions,
and the one reaching the terminal at which
the instrument is located impresses a record

hind it.

upon the photographic film. = |
It will be seen that the disturbance eaused

11§

I20

tween joints, &ec., all tend to retard the pas-

125"

130

1 by an obstruction is opposite in eharaeterfto
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that caused by aleak, so that there is no diffi-
culty in distinguishing between the records
produced in the two.

The rate of the speed of the carrier being
known, it is obvious that the position of the
carrierin the tube at the time when an irregu-
larity in the vibrations recorded occurs will
be nicely

ence to the line of dots P’'. There is also a

still more refined method of determining the |

loeation of the carrier at the instant when 1t
passes a leak, as indicated by the photo-
oraphic record, as follows: When the carrier
passes the leak, a disturbance is sent travel-
ing down the tube in both directions with the
velocity of sound. The disturbance. reaches

‘the instrument, leaves a record, and Is re-
flected back through the tube again after the |

manner of echoes. Upon striking the car-
rier the disturbance undergoes a second re-

flection and is again sent traveling forward

toward the instrument. In this way every
disturbance produces from two to seven dis-
tinct records at time intervals, being a funec-
tion of the distance between the instrument
and the carrier and the speed of sound. The
velocity of sound under the given condition

being known, the distance from the instru-
‘ment to the leak may be computed with a

high degree of accuracy, the motion of the
carrier being eliminated mathematically.

Having now described my invention, what
I claim asnew, and desire to secure by Letters
Patent, is— |

1. In a device for ascertaining the condl-
tion of the interior of pipe-conduits, a dia-
phragm separating two chambers, as C* B*,
connections from each of said chambers to
the pipe-conduit, one of said connections be-
ing provided with a means for creating an
inequality between the force with which im-
pulses from a single origin strike upon the
two sides of the diaphragm and means of con-
veying to the senses the vibrations of the dia-
phragm.

o In a device for ascertaining the condi-

tion of the interior of pipe-conduits, a dia-

phragm separating two chambers as C* B*,
connections from each of said echambers to
the pipe-conduit, said connections being of
different volumetric capacity in order that
impulses from a single origcin may strike
upon the two sides of the diaphragm with an-
equal force, owing to the greater cushioning

in the connection having the greater volume
and means for conveying to the senses the
vibrations of the diaphragm.

3. In a device for ascertaining the condi-
tion of the interior of pipe-conduits, a dia-

indicated on the diagram by refer--

791,476

phragm separating two chambers, as C* B,

connections from each of said chambers to
the pipe-conduit, said connections leading
into the chambers at different angles so that
impulses from a single origin may strike upon
ihe two sides of the diaphragm with unequal
force owing to the different degrees of ob-
liquity and means for conveying to the senses

the vibrations of the diaphragm.

4 In a device for ascertaining the condi-
tion of the interior of pipe-conduits, a dia-
phragm separating two chambers, as Cx B,
a pipe, as C, having branches, as C' C?, con-
necting with the two chambers respectively,
said pipe being adapted
pipe-conduit and means for conveying to the
senses the vibrations of the diaphragm.

5. In a device for ascertaining the condi-
tion of the interior of pipe-conduits, a dia-
phragm separating two chambers, as C* B*,
a pipe, as C, having branches, as C' C*, con-
necting with the two chambers respectively,
said pipe being adapted to connect with the

pipe-conduit, a regulating device, as cock C?,

situated in one of the branches, and means
for conveying to the senses the vibrations of
the diaphragm. -

6. In a device for ascertaining and record-
ing the condition of the interior of pipe-con-
duits, a diaphragm arranged in position to be
vibrated by vibrations in the air column in
the conduit, in combination with a mirror
connected to and vibrated by the diaphragm,
a stationary reflector, a lamp arranged to
throw a ray of light on the mirror and sta-
tionary. reflector, a photographic film and
means for moving the same and a film-cas-
ing having a slot through which the light-
rays reflected from the mirror and reflector
are thrown on the film.

7. In a device for ascertaining and record-
ing the condition of the interior of pipe-con-
duits, a diaphragm arranged in position to be
vibrated by vibrations in the air column in
the conduit, in combination with a mirror
connected to and vibrated by the diaphragm,
a stationary plate of glass arranged in front
of the mirror, a lamp arranged to throw a
ray of light through the glass plate on the
mirror, a photographic film and means for
moving the same and a film-casing having a
slot through which the light-rays reflected
from the glass plate and from the mirror are
thrown on the film. |

KENNETH E. STUART.

Witnesses:
- .CHAS. F. MYERS,
D. STEWART.
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