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METHOD AND APPARATUS FOR RECORDING PRESSURE.

Specification of Letters Patent.  Patented Aug. 22, 1922,

Application filed December 16, 1915, Serial Ne. 345,437’. ’

To all whom it-may concern:
Be. it known that we, Witriam FErris
Hexnpry and Cuarces E. Reppig, citizens of

the United States, residing at New York,.
in the county of New York and State of .

New York, and at Richmond Hill, Long
Island, in the county of Queens and State of
New York, respectively, have invented cer-
tain new and useful Improvements in Meth-
ods and Apparatus for Recording Pressure,
of which the follewing is a full, clear, con-
cise, and exact description.

This invention' relates to an improved
method and apparatus for recording pres-
sure which has as its primary object the re-
cording of pressure by electrically deflecting

a2 beam of light commensurate with the pres-.

" sure fluctuations upon a photographic film.
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The improved method and apparatos
herein is espécially adapted for application

to gas, heat and other engines of this gen-

eral type. In the embodiment of the inven-
tion in an apparatus, the pressure to be
recorded is directed against a diaphragm,
which varies the current in an electrical cir-
cuit which has interposed therein the sus-
pended mirror of the usual type of oscillo-
graph, the film thereof being driven syn-

" chronously with the operation of the engine,

the pressure of which is to be recorded.
Devices heretofore designed for determin-
ing the pressures within the cylinders_ of
engines have employed the use of a dia-
phragm which caused the physical move-
ment of levers, links, or other suitable mech-
anism to actuate a recording device. In
pressure measuring mechanisms  where "a
Inirror was utilized, the mirror was moved

- through the actuation of physical elements
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which were under the control of a dia--

phragm, against which the pressures in the
engine cylinder were exerted. In these prior
devices, the friction and inertia of the parts
necessarily prevented the making of a com-
plete record which would show all of the
slight and minute pressures which occurred
within the cylinder of the engine. In the
method and apparatus for recording pres-
sure disclosed herein, only a very slight
movement is imparted to the diaphragm by
the pressure directed thereagainst, which
movement, however, is sufficient to vary the

resistance of the carbon piles to electrically

- effect a movement of the mirror. Since the

parts of the apparatus have no appreciable
movement, the inertia and friction of these
parts i1s very slight and, as a result, when
the engine is operating at high speeds, all
irregularities of expansion of the gases or
similar occurrences within the cylinder of
the engine are truly translated by the car-
bon pile resistance and mirror, producing a
record which loses almost no detail due to
the inertia or friction of the parts. -

The accompanying drawing shows, in side
elevation, and partly in section; apparatus
for electrically interpreting pressures and
illustrating its connection with a gasoline
engine, and an oscillograph which are both
repreg&nted diagrammatically.

In the embodiment of the invention illus-
trated in the drawings, a single cylinder in-
ternal combustion engine 10 .of the usual
type has a gear 11 mounted on its crank
shaft which actuates a pinion 13 through the
medium of an intermediate gear 12, the pin-
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ion 13 having secured thereto a pulley 14

which drives a pulley 16 through the me-

dium of a belf 15, the pulley 16 being se-

cured to the film driving shaft of the pho-
tographic mechanism of an oscillograph
illustrated diagrammatically at 17. Due to

-the gear train comprising the gears 11, 12

and 13, the film of the oscillograph is driven
in synchronism with the rotation of the
crank shaft and hence also synchronously
with the movement of the piston 18 of the

engine 10. The mirror 19 of the oscillo- .

graph is positioned so that when moved it
will reflect the beam of light from a source
2 onto a film (not shown) continuously
driven through the actuation of the pulley 16.
The mirror 19 is interposed in an electrical
circuit including a battery 20 and a resist-

~ance device 21, the electrical effect of which
-is controlled by the pressure within the com-

bustion chamber 22 of the engine 10 as will
be hereinafter described. The mirror 19 de-
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rives its movement through the varying cur-

rent in the circuit caused by the resistance
device 21. "

The resistance device 21 comprises a base
23 carrying standards 24 which pass through
an intermediate member 25 and support a

‘head member 26 which is held in position by.

means of nuts 27 and 28. Three tubes 5, 6
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and 7 of hard rubber or other suitable insu-
lating material are supported at their lower
ends upon the base 23 and have their upper
ends fitted within counter sunk openings 30
made in the intermediate member 25. Nuts
31 serve to clamp and firmly hold the tubes
5, 6 and 7 in position between the inter-
mediate member 25 and the base 23. Three
cylindrical sections of brass 32, 33 and 34
are placed on top of each other in each of
the tubes 5,6 and 7. The lower end of each
of the sections 33 and 84 are provided with
screw threaded apertures to receive screws
35, the heads of which carry disks of carbon
36. A disk of insulating material 4 is in-
terposed between each lowermost section 32
and the base 23. Each of the uppermost cy-
lindrical sections 34 are provided with a re-
cess 36 to receive a pin 37 formed of insu-
lating material carried by a follower 38,
which is supported upon the upper cylin:
drical sections 34 and is provided with a
knob 39 which projects through a vertical
passage 40 formed in the head member 26
and contacts with a diaphragm 41 supported
upon the lower flange 42 of an annular
chamber 43 macs in the head member 26. A
hollow screw threaded plug 44 is screwed
within a vertical passage 45 made in the
head portion 26 and has'its power end in
engagement with the upper surface of the
diaphragm 41. The screw threaded plug 44
is provided with a plurality of openings 46
which establish communication between the
hollow interior of the plug 44 and the annu-

lar chamber 48 the latter being placed in

communication with the combustion cham-
ber 22 of the engine 10 by means of a
pipe 47. e

Terminals 48 extend through enlarged,
openings 49 made in the side of the tubes
5, 6 and 7 and are screwed within screw
threaded apertures formed in the uppermost
cylindrical sections 34 and lowermost cy-
lindrical sections 82. One side of the bat-
tery 20 is connected by a conductor 50 with
the terminal 48 which is'secured to the up-
permost - cylindrical sections 84 within the
tube 5. The terminals 48 attached to the
lowermost cylindrical sections 32 within the
tubes 5'and 6 are connected by a conductor
51 and the terminals 48 attached to the up-
permost cylindrical sections 84 within the
tubes 6 and 7 are connected by a conductor
52. The terminal 48 secured to the lower-
most cylindricel sections 82 within the tube
7 is connected by a conductor 53 with the
oscillograph 19 which in turn is connected
with the other side of the battery 20. Due
to the arrangement of the conductors just
described the cylindrical sections 32, 33 and
34 within the tubes 5, 6 and 7 are connected
in series with the oscillograph 19 and bat-

tel%}?o.
en the engine 10 is in operation, the
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pressures produced within the combustion
chamber 22 thereof will be exerted against
the upper surface of the diaphragm 41 caus-
Ing it to exert varied pressires through the

medium of follower 38 upon the cylindrical 70

‘sections 32, 833 and 34 within each of the in-

sulating tubes 5, 6 and 7. Due to thé pres-
ence of the carbon disks 36 interposed be-
tween the cylindrical sections 32, 33 and
384 the current in the circuit including these
sections. and the battery 20 will be varied
commensurate with the varying pressures
exerted by the diaphragm 39. The varying
current in the circuit causes the movement
of the mirror 19 in the usual manner which
will reflect a beam of light from the source
2 to produce an irregular line upon the con-
tinuously moving film within the photo-
graphic mechanism 17 of the oscillograph.
Since the contour of the line formed upon
the film is commensurate with the varying
pressures produced within the combustion
chamber 22 of the engine and since the film
is driven at a speed commensurate with the
movement of the piston of the engine, a
film is produced from which the pressures
produced within the combustion chamber
22 of the engine may be computed.

What is claimed is:

1. A method of recording pressure, con-
sisting in varying the current in an electrical
circuit commensurate with the pressure
fluctuations and deflecting a beam of light -
upon a photographic film commensurate
with the varying current in the circuit.

2. A: pressure recording apparatus com-
prising a pressure actuated element, a resist-
ance controlled thereby; and a circuit in-
cluding said resistance and means actuated
commensurate with the varying current in 105
the circuit for deflecting a beam of light
upon a photographic film.

3. A pressure recording apparatus com-
prising -a pressure actuated element, a re-
sistance device in engagement with said ele- 110
ment, and a circuit including said resist-
ance device -and means actuated commen-
surate with the varying current in the cir-
cuit for deflecting a beam of light upon a
photographic film. ’ .

4. A pressure recording apparatus for gas
and heat engines and the like comprising a
pressure actuated element, a resistance de-
vice in engagement with said element, a cir-
cuit including said resistance device and 120
means actuated commensurate with the
varying current in the circuit for deflecting
a beam of light upon a photographic film,
and means for actuating said film in syn-
chrorX with the piston of the engine.

5. A pressure recording apparatus. com-
prising a pressure actuated element, a plu-
rality of resistance devices connected in
series and controlled thereby, and a circuit
including said resistance devices and means 130
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actuated commensurate with the varying
current in the circuit for deflecting a beam
of light upon a photographic film. ,

6. A pressure recording apparatus com-
prising a pressure actuated element, a plu-
rality of resistance elements in engagement
with said pressure actuating element, and a
circuit including said resistance elements in
series and means actuated commensurate
with the varying current in the circuit. for
deflecting abeam of light upon a photo-
graphic film. '

7. A pressure actuated element, a mem-

ber operated thereby, a resistance device in -

engagement with said member, and a circuit
including said resistance device and means
actuated commensurate with the varying

‘current in the circuit for deflecting a beam

of light upon a photographic.film.
8. A pressure recording apparatus com-

prising a pressure actuated element, a mem-.

ber controlled thereby, a plurality of resis-
tance elements in engagement with said
member, and.a circuit including said resis-
tance elements and means actuated commen-

. surate with the varying current. in the cir-
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cuit for deflecting a beam of light upon a
photographic. film. ‘
9. A pressure recording apparatus for gas

and heat engines and the like comprising a

pressure actuated element, a member operat-
ed theveby, a resistance element in engage-
ment with said member, a circuit including
said resistance and means actuated ‘com-
mensurate with the varying current in the
circuit for deflecting a beam of light upon
a photographic film, and means for actuat-
ing the said film in synchrony with the pis-
ton of the engine. :

10. A pressure recording apparatus com-
prising a pressure actuated element, a re:
sistance device in engagement therewith and

insulated from said element, and a circuit -
including said resistance device and means

actuated commensurate with the varying
current in a circuit for deflecting a beam of
light upon a photographic film.

11. A pressure recording apparatus com-
prising a pressure actuated element, a mem-
ber operated thereby, a plurality, of resis-
tance elements in engagement with said

member and insulated therefrom and a cir-

cuit including said resistance elements and
means actuated commensurate with the
varying current in the circuit for deflecting
a beam of light upon a photographic film.

12. A pressure recording .apparatus com-
prising a pressure actuated element, a re-

8

sistance device controlled thereby, said de-

vice comprising a series of superimposed

/ : L
“/metal and carbon members, and a circuit in-

cluding said resistance device and means
actuated commensurate with the varying
current in the circuit for deflecting a beam
of light upon a photographic film. :

18. A pressure recording apparatus com-
prising a pressure actuated element, a re-
sistance device controlled thereby, said de-
vice comprising superimposed metal mem-
bers, and a plurality of carbon members po-
sitioned therebetween, an electrical con-
ductor having- its ends connected to the
uppermost and lowermost metal members
of the resistance device, and a source of elec-
trical energy and recording means connect-
ed in said conductor in series, said record-
ing means actuated commensurate with the
varying current in the conductor for de-
flecting a beam of light upon a photo-
graphic film. '

14. A pressure recording apparatus for
gas and heat engines and the like, compris-
'Ing a pressure actuated element, a resistance
device in engagement with said element, a
circuit including said resistance device and
means actuated commensurate with -the
varying current of the circuit for deflecting
a beam of light upon a photographic film,
and means for actuating said film at a con-
stant speed. ' '

15. A pressure recording apparatus for
gas and heat engines and the like compris-
mg a pressure actuated element, a member
operated thereby, a resistance element in
engagement with said member, a circuit in-
cluding said resistance and means actuated
commensurate with the varying current in
the circuit for deflecting a beam of light
upon a photographic film, and means for
actuating said film at a constant speed.

16. A pressure recording apparatus for
gas and heat engines and the like compris-
ing a pressure actuated element, a resistance
device controlled thereby, a circuit includ-
ing said resistance device, record material,
means for feeding said record material in
synchronism with the piston. of the. en-
gine, and means actuated commensurate
with the varying current for making a rec-
ord upon said record material. '

Tn witness whereof, we hereunto subscribe
our names this 10th day of December A.
D., 1919.

WILLIAM FERRIS HENDRY.
" CHARLES E. REDDIG.-
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