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1

This invention relates to improvements in ap-~

paratus for showing a pressure versus volume dia~
gram for a reciprocating engine or equivalent
structure. More particularly, the invention re-
lates to a device which may for convenience be
termed a volume sweep generator and its use
with associated apparatus to produce quickly and
accurately a visual pressure versus volume dia-
gram, although the invention may have other
uses and purposes as will be apparent to one
skilled in the art.

When a reciprocating engine is developed, and
sometimes at later intervals during its life, it
is highly desirable to have a pressure versus vol-
ume -indicator diagram available to determine
facts concerning the operation of that engine.
Such a diagram denotes the frequency of the
engine, gives facts concerning the valve action of
the engine, the compression of the engine, shows
undue restriction in air cleaners in connection-
with multi-cycle engines, denotes facts concern-
ing the back pressure in mufflers used with the
engine, etc. Heretofore, it was substantially im-
possible to obtain such data concerning each'spe-
cific engine coming off & production or assembly"
line, such as is common in the manufacture of
automotive engines in great quantity, owing to
the necessary complicated, tedious, and highly
expensive procedure that would be involved were
such data formulated in connection with each’
engine on the line. The best that could be done,
therefore, was to run rather exhaustive tests on
certain engines only, with the idea in mind that
all other engines constructed in accordance with
the same specifications as those tested would
function sufficiently close to the tested engines
for practical purposes. Further, it has been
heretofore unduly difficult to obtain a substan-
tially accurate pressure versus volume indicator
diagram for any reciprocating engine, and it has
always been desirable to materially simplify that
process. Highly skilled operators were also. es-
sential in order to interpret the functioning of
an engine and salient facts concerning its opera-
tion from a pressure versus volume indicator
diagram. -

With the foregoing in mind, it is an important
object of the instant invention to provide means
sufficiently economical and which may be used
sufficiently facilely to warrant the production of
a pressure versus volume indicator diagram for

- each and every engine in a production line,

Another object of the invention is the provision

_of means-so arranged as to give at a glance a

10

pressure versus volume indicator diagram for a
reciprocating engine.

Another object of the invention resides in
mechanism for furnishing a pressure versus vol-
ume indicator diagram for a reciprocating engine,
which diagram is as accurate as is necessary for
a particular job, the accuracy depending upon
the construction of a certain part of the mech-
anism. o

It is also a feature of this invention to provide
an arrangement for visually showing at a glance

- g pressure versus volume indicdtor diagram for
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a reciprocating engine, and presenting that dia-
gram in such a manner that even a relatively
inexperienced operator can tell at a glance
whether or not that engine is operating satis-
factorily. )

Another highly important object of the in-
stant invention is to provide an arrangement for
furnishing a Dpressure versus volume indicator
diagram for a reciprocating engine, in which the
diagram is a substantially accurate and actual
diagram for a particular engine, and the arrange-
ment is suitable not only for solid piston engines
but ‘also for flexible piston engines where the
volume is not the same on the downstroke as
on the upstroke for the same intermediate loca-

tion of the piston.

It is a further feature of the invention to pro-
vide an arrangement for presenting a pressure
versus volume diagram for a reciprocating en-
gine, and which arrangement is good for all en-
gines from the same assembly line, or for all
engines which the particular manufacturer in-
tends to be substantially identical.

Also a feature of the invention resides in the
provision of mechanism for providing a pressure
versus volume diagram of an engine, in which
mechanism the most changeable item of equip-
ment results from measured data which, if made
with reasohable accuracy, should suffice for a
long run of engines intended by the manufac-
turer-to be alike. B

Still a further object of the invention resides
in‘the provision of apparatus for use with a cath-
ode ray oscilloscope to show a fiuorescent trace
in the shape of an actual pressure versus volume
diagram for that particular engine.

It is a further object of the invention to pro-
vide apparatus for visually indicating a pressure
versus volume diagram for a-particular engine,
in such a manner that engine characteristics may
be determined at a glance from the diagram, and
yet the diagram or data provided by it may be
easily recorded if so desired, but in ordinary prac-
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3
tice such récording will seldom be necessary un-
less a manufacturer wants to keep particular rec-
ords of every individual engine made.

Another important object of the invention is
to provide an apparatus for providing a visual
bressure versus volume diagram for an engine in
which only one:part of the equipment need be
specifically arranged’ for the apparatus to' func-
tion with an engine made under different spec1-
fications.

‘While some of the more salient features; char=

10-

4

where all cylinders are intended to be identical,
is so.small as to be negligible.

Referring now to Figure 1 a portion of a re-
ciprocating engine | is shown and in this instance
a cylinder 2 of that engine is under test. Con-
hected to the cylinder by a suitable conduit 3 is
a- pressure pick-up device 4 which may. be a com-
merciglly - available transducer. +As 'a specific
example, this device may be designed to measure
pressure from 0.1 pound per square inch to 1,000

. pounds per square inch over a frequency range

acteristics and advantages of the instant inven-

tion have been above pointed out, others will

become apparent from the following disclosures,

taken in conjunction with .the. accompanymd

drawings, in which

Figure 1 is a fragmentary schematic layout-of:

equipment connected to provide a visual pres-
sure versus volume diagram for g Jreclprocatlrrr
engine, the. apparatus embodylng pnnmples of
"theinstant invention;
Figure 2 is .an enlalg_ed'“fragmenuary'central
“Vertical sectional view, with parts'shown:-in- eleva-
tion, of 'a portion -of the apparatus of Figure 1,
‘namelythat portion which might for-convenience

be teimed a volume sweep generator, seen-in-the
central part of Figure 1}

“Figure 3 is a top plan view of ‘the structure of
Figure 2, with parts. bmke*z awaJ and. with- the
casingr emoved;

“Pigure 4-is"a- fragm'en;,ary‘vertlcal"sectlonal
view taken subistantially-as-indicated by the line
IV-IV-of Figure, 3 locking:-in’ the direction of
thearrows; - .

“Pigure 5-is g schematic~ dxagram'- illustrating *

a step-in’ the*making-of-one of ‘the parts-of-the
apparatus seen in Figures 2, 3 and 4;

‘Figure 6 "is 'a-face view of “the finished-part
made "in accordancu With’ the - teachings of
‘Figure 5;

Figure T isvan” enlarged front view-of the
cathiode ray: screen 0 he osculoscope of “Fig-
ure1;

Figure §8'is a view similar td‘f‘zgure T illustrat-
ing the showing.of g fluorescent trace resulting
from the use of the present invention; and

‘Figure 9 is a schematic’ wWiring diggram,; with
certain parts distorted for purposes of clarity,
showing ' the connec tions "for the avparatus. of
“Figurel. o

As’shown oni the grawings:

TIn Figure 1ithere is'shown a general assembly

of apparatus ¢apable of producing a visual pres-
sure versus volume diagram of a. reciprocating
engine, and. is highly . desirable for use with a
high speed. reciprocating engine. "The’ indicat-
ing diagram:is shown directly as a fluorescent
“trace on a cathode ray oscilloscope sereen.

In the-use of the present invention, for best
and. most complete resiilts, it is.desirable to.ob-
_tain a.diagram for. each cylinder.of the'engine,
if the engine is a multi-cylinder: structure. . In
some:instances; it may be possible:to. Work on the
assumption that all cylinders perform: alike,:and
therefore-it:is:only necessary to:obtain a-diagram
. for:one of the:eylinders:. - However; it :requires
little more time to.obtain.a diagram for each of
~the cylinders. and:.obviously such:.procedure: re-
“sults in a better complete picture oftlie function-
~ing of the particular-engine. I¥ is-not necessary
in-quantity ‘manufacture of -engines, however; to
-glter the device foreach-engine- cylinder. - 'The
“small~ amount of error--occurring: ‘between - the
" yolume “of “one cylmder -and- ‘that--ef -another,

- from:5.10:2,000 cycles per second, and the voitage

output of the device may be proportional to pres-

_sure-somewhere-within this range and may equal
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approximately0:03. peak volt for each pound per

‘square inch ¢f pressure when operated into an
© rimpedance: of substantially 10 megohms.

Such a
device.may be purchased on the open market.
“The- pressure pick-up 4 is connected through
a pair of conductors centained within a shielded
cable 5. to--a- commercially: available: wvoltage
amplifier- 8, preferably:either.an-alternating:cur-
rent.or.a direct current vacuum: tube-amplifier
having negligible or zero:phase:shift betwaeen 4in-
put signal and .amplified: output.: signal. “It:may
be desirable to.-use an alternating.current:ampli-

“fier for high speeds and.a.direct current amplifier

for low.speeds, such:as helow 10;cycles per second.

The: output .of the voltage amplifier; 6 may be
connected. through: a..suitable .cable: 1 directly to
the vertical deflection plates ..of; ' cathade: ray
oscilloscope: &. . :This ‘oscilloscoper may-besof .any
suitable type .if properly-connected: with:the:rest
of.- the. apparatus. :As ., :specific..example a2

:cathode: ray :oscilloscope ~haying:: all.:deflection

plates isolated will-give-highly:-satisfactory..and
very flexible: results. Such:an-instrumsnt: may
also be: obtained: on the open market. - .

The internal:moving: part of . a device: termed
for .convenience 'a- volume sweep:generator-and

. generally indicated: by numeral.§:is:connected: by

means of a shaft: 10,.a. coupling: 11, and:another
shaft 12,:to-the crankshaft of the engme i. This
device g will-be.more fully later descrlbed herein.
The volume- sweep- generator. 9- may. be-electri-
cally. connected. -with -a: vacuum. tube..voliage
amphﬁer 12, preferably.an: amplifier .with. a-self-
contamﬂd power Sl,.pplj As.a specific.example,
a two. stage: reszsfance ‘coupled- voltage. amplifier
having the same. general characteristics. as ‘the
amplifier- § is: satisfactory.. The output.cf this
amplifier is directly connected through. a.suitable
cable, 14 with the, horxmnual deﬁectmg plates. of
the oscﬂloscope 8..

When ‘the apparatus -is. energized and . the

sengme [ is in. oparatlon a flilorescent trace in

the form of a. pressure VErsus. Volume indicator
diagram’ will' appsar on. the screen 15 of ‘the
oscilloscope. . That cathode frace. may e cen-
tered. properly on the sereen by a variable tap
on ‘the ‘bleeder resistor of: ‘the power supply for
the amplifier~i8," “In the 'event it .is desired- to

. en]arge any palu of the fluorescent-trace or dia-

65

70

“be-included ‘in--a single -portable .container.
75

“gram for detalled study: the amplifier--6-should,

of- course, ‘have sufﬁcxent voltage gain* for- that
purpose.

It should also be appreciated  that: -vrhile ‘in
Figure 1'the entire: apparatus ‘has-been-illustrated
in a rather spread-out manner for the purpose of
clarity, all-of ‘the apparatus -save- the:-pressure
pick-up 4, the cable 5; the mechanical:connection
through the-coupling t, and the customary con-
nection to-a suitable source-of -power supply,; may
In
such a-container; it is ‘only neécessary to provide
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- peady décess to the ‘voluine sweep: generator 9 so
that' this genérator ‘may be altéred-in a manner
to be later described to accommodate engines of
different - types, sizes, or buﬂu under d1ﬁerent
specifications.-

With reference to F‘lgules 2, 3 ‘and 4; it w1]1 be
seen ‘that the volume* sweep- generator ‘9 includes
a suitable casing or cover 16 arranged to enclose
three sides’ and the front of the apparatus, al-

“though this' cover may-:he constructed in any

" manner suitable for the purpose.. The structure

-~ enclosed within- the cover 16 includes a bottom
‘gtrengthening frame 7T to’ which is -secured a
suitable side wall formation (8 cariying a trans-

" verse partition 19 completing a structure in the:

‘nature of an inverted box.- The’back partition
‘20, however, extends substantially the full height
of the device.
the ‘surfaces of all partitions- within the casing

are preferably painted flat black; and the ‘casing:

is preferably lightproof. Any apertures in the
-casing wall through which- electricdl conductors
“or shafts ‘extend may be treated in any suitable
manrer to render them lightproof, if necessary.

~ ‘Carried by suitable supports 21 extendlng in=

wardly from the reat wall 20'is a bracket arrange-
ment including a backing mémber 22 bearing a
pair of vertically spaced resilient clamps 23 and
24 provided with terminal-cohnections 25 and 26

respectively. - The clamps removably ‘support &

suitable photoelectric ‘tube* 271, the conductive
clamps engaging the terminals of the tube. A
‘cable 28 containing - séparate conductors con-
nected to the terminals 25 and 26 extends through
an opening 28 in the floor platform (9 and out
" through an opening 38 in the rear wall 20 of the
'housmg for connectlon to the aforesaid ampli-
fier 13,

~ Disposed in front of the photo electric tube 27

is an upright partition 31 which extends entirely

across the casing 50 as to. black out ali light from
the opposite side of the partltmn from the photo-
"glectric tube 21, with the exception of that Tight
passing through an optmal slit 32 in the partltlon
31" This optical slit is. relatively elongated and
narrow, extending in‘a vertical direction in front
_of the photo-electric tube. On the back of the
‘partltion 31 above ‘the optical slit is an opaque
slide 33 provided with a suitable slot 34 for en-
gagement over the shank of a ‘securing bolt 35
‘by means of- ‘which ‘the ‘slide may be raised and
IOWered to vary-the height of the optical slit as
'may be required. It will be understood that the
* width and length ‘of the optical slit may be each
independently variable by means of conventional
; optlcal slit; Jaws ifso desxred
‘With reference more particularly to F1gure 3,
it will be seen that a pair of 'angle partitions: 36
and 87 extending’ from the floor partition 19 to

the top of the housing are disposed in front of:

‘the partition 31 ‘econtaining the optica.l slit.” The
“sides of these partxtmns 36 and 37 extending Ton-
"g1tud1nally ‘of the-casing are in spaced relation
“'to each other to define thercbetween'a, hght chan-
“'nel 88 through which light from a source to be
" later described may pass'toward ‘the: optical ‘slit
--and through the optmal sht to the photo electric
" tube 21,

At the forward end of the channel 38 a bracket
-89 is secured to the partition 87 as indicated -at
-:40, -This bracket supports’ a’ socket 41 for -an
incandescent’ lamp <42 - which ' provides -a source
- of light to maintain the photo-electric tube 21
* active during operation. It has ‘suitdble electrical

<:conductors 43 and 44 to connect the socket 41 to-

~The’ inside of the casing 16 and

10

16

20

any.suitable source of elecfricdl éhergy. These

conductors may be enclosed iii a cable 45 extend-

ing through an opening 46.in the floor partition

19 and exiting through another opening 471 in:the
side wall of the housing.
So far, the desecribed structure of the volume

- sweep generator 9 is a‘relatively fixed:structure,
and remains so fixed during the use of the device,

except for possible adjustment and replacement
of parts when necessary. The movable parts of
the volume sweep generator are designed to.vary
the amount of light received by the photo-electric
tube 27 from the light source 42 in keeping with
variations in -cylinder volume of the particular
engine under test: throughout the piston cycle,
and thus produce upon the cathode ray screen
of the oscilloscope a pressure versus volume indi-
cator diagram of that particular engine. .
~'These moving parts include the aforesaid shaft
10 which extends through an opening in the front

~wall of the casing {16 and passes through a pair
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of bearing mountings 48 and 49 on the floor parti-
tion 19, collars 50 and 51 being utilized to main-
tain the shaft in a proper position of adjustment.
As seen best in Figure 2, the shaft (0 extends
through the light channel 38 heneath the light

_source 42 to a position adjacent the partition 31

containing the optical slit. The inner end of the
shaft carries a suitable holding collar 52 into
which is engageable a plurality of ‘attaching
screws B53. This structure holds in place an .
opaque, preferably metallic, disc 54 and another
disc 55, which discs extend through s suitable

slot ‘B8 in the floor partition 19. It will be noted

that the opaque disc 54 is on the side near the
light source.

The disc 55 is preferably of substant1ally trans-
parent material such, for example, as celluloid
or photographic film stock. This disc 55 as best
seen in Figures 4 and 6 has an opaque area 57
thereon, which ares is eccentrically disposed rela-
tively to the shaft 10, The disc itself is sym-
metrical about the shaft. {0, that is the-shaft 10
extends through the exact center: of the disc in
the preferred construction, so that the rotating
apparatus will always be in balance. . The' eccen-
tric opaque area 571 may be painted upon the
dise, or in the event it is a photographic film the
opaque area may be provided thereon by conven-
tional photographic technique.: :

It will' be noted that the disc’ 55 s disposed
adjacent the partition 31 in a parallel plane there-
with, and overlies the major portion of the optical

. slit 32, In order to maintain the photo-electric

&5

60

;85

tube 27 energized properly at all times there will
be a relatively short portion of the optical slit
above the disc 5§ and below the adjusting slide
33 always open, as seen in Figure 4, so that some

- light from the source 42 always reaches the photo-

electric tube. : In a preferred arrangement, it is
desirable to have the disc §5, partition 31, and
photo-electric tube 27 as close together as'is rea-
sonsably:feasible. :

The opague portion 57 of the dlsc 55 is so de-
signed that when the disc is rotated in ‘front of
the optical slit, the effective length of the slit

"'is varied from a maximum to a minimum value
< in-"direct proportion to the changes of volume

70

75

of the cylinder under test during rotation of the
crankshaft of the particular -engine. As stated

‘above, the shaft {0 of the volume swéep generator

is coupled to‘the engine crankshaft so as to be
driven at the same speed as ‘the crankshaft of
the engine under test. If so-desired, a gear train

“may be employed, and a -multiple or- sub-multiple
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0f ithe .engine speed may-be used. Accordingly,
.as:the volume:of the-particular cylinder:changes
.during :the:travel:of the-piston .through: :its:re-
.«ciprocation cyele the effective part.of ithe-optical

slit- is proportionately .varied in:isize.:and:'the =

- photo-electric tube is correspondingly affected.

= Flor -engines -of different.sizes orr-of -different
types, -different: dises-55::must-ibe-used. . For:all
-cylinders.or: all engines intended: to. be iidentical

< by the:manufacturer, the same disc may be-used:

“fhroughout :the itesting: of ;the-entire-run-ofzen-
gines; but:a: different: dise:must ibe: used for:.en-
sigines-of different:sizes.or types..: Most freguently,
- however; there will-be-a relatively :large number

~be:inked-or:painted; preferably blsck.: Thespace

between: thecircles -63 ;and -84 may.likewise be

-treated. . Care-should be.taken:so.that: the out-

line; ofthe ;blackened area will be.smooth.:
By making such a chart much larger than.will

sultimately be.used, small-variancesin the black-
ened -area-67.-will :be rendered: substantially .un-

of-engines-intended to:be identical: produced by: 35

sasmanufacturer.  This -is:especially trueiin the
~automotive .industry. . . Consequently,: the ‘work
necessary to produce or make:a; disc:55 for a.par-

~noticeable. when theilarge chart.is photographi-
. callyreduced.
310
-~ desired: size; depending.:upon the required:..re-
-sultant.-size:of the masking disc. - The negative.is
~developed,:;and: a- Positive. .contact. :print made

Fhe. large: chart may. be. phato-
graphed . with the aid-of -a -suitable camera fo.the

from that:negative ;on-photo-sensitive .material
backed upon :any .desired transparent or trans-
~Jucent.. backing ~material, -such -as-Celluloid,

-_standard, photographic: *ﬁlm glass. plastic, ete.,

“ticular -engine .cylinder; ‘while: possibly sprohibi~ .

- tively. expensive :except in.cases: of :special tesis-.gqg

-;eoated «with..a ,photo-sensitive -emulsion. . In the
- photographic;technique-employed, it -is:desirable

10-obtain ss.much:contrast :as.possible.and good

- definition,

-or. research work ‘insofar as a:-single:cylinder.is’

concerned, is absorbed:in the:testing:of.a :com-
- plete line or run of:identical engines:so. there-is
thut saninfinitesimal  amount-:of that: work:at-
tributable to:fthe-testing of:each engine. -
~The making: of :the masking 'disc:55 for.a.run
-of ;engines :should ‘ba. done. with :due: care -and
eaudtion. A preferred.method.of:making this:disc
cincludes “first determining. the cylinder: volume

~ativarious ~degrees :of -crank angle in-whatever-

sincrement may be predetermined; depending ugon
~the desired -accuracy  of :result. - Por:very acecu~
~ratework,theeylinder volume:may:bedetermined
sinsinerements. of .one-degree of-crank angle;;and

for:slightly: lesser -accuracy ‘but. 'which ~may ihe’

satisfactory for most cases, the cylinder: volunie
..could :be determined -in: increments:of 6 degrees
»of crank angle.-:That:is; the:volume of :the:cylin-
der s sdetermined as it:varies by virtue:of the
. movement of~the piston therein rat:specified:in-
~.erements - durmg .one revolutmn .of 'the scrank-
shaft..
‘Certain .other data.must be:at hand Jncludmg
‘the maximum dimension of the photo=tube photo-

- sensitive plate, the:maximum and minimum-yval-:

-mes.of:the cylinder-volume; and:the distance from
- the «ecenter .of the photo-tube ; photo=-sensitive
plate “to:the icenter- of :rotation-of the masking
dise. “With these!figures:the radius of the:resuit-

ing magsking disc.may readily- ‘be-deterimined for.

“the-particular-volume sweep:generator. . :
cAllargeschiart is-then made on'whieh the rotat-
dAnig-eenter:of the ultimate disc-is used: as the
zcenter-of the ehart, as:indicated:at:58:in Figure 5.
{Bmanating from: this center are:radii lines:59

rotation.; Knowing the: ultimate -required -size :of
-dise,rthe various-cylinder volumes:aresplotted:on
each: of ‘the radil:-lines: 52 by simple;arithmetic
iproportions;: starting with-the larger.volume’ at
.pointi60:.in:Figure 5 corresponding to.zero ori360°.
Thecylinder-volume :will then:become lessuntil
at point 61, or 180°, the smallest:volume’ occurs,
.and-from  this point back .to the-starting rpoint
the volume again gradually:increases.
82 is drawn through 'the points thus plotied; the
curve-being made as-smoothly .as: possible. -It:is
-.;better during :the .preparation:of the.chart-to
~put-in g eentral circle-63 to. mark-the-center of
- rotation of the-ultimate:masking :disc.. In:order
1o clearly.and:easily establish this center-two
.other :circles-concentric: with -the ;circle:63 -may
.also-be drawn as indicated .at 64 -and:65. -After
- the eircle-62 has: been. made;: the ;portion-on:the

chart:-between the:circle:62:and the circle-65-may.

- From:the finished positive-.a- cireular. masking

é dlsc 55 of the:preper-radius:is-cut.using the:rota-

‘o5

.. Figure 6. This . finished masking.disc.may. then
~he punched:centrally. to.aceommodate.the shaft

;30

88

40 . on without giffecting the operation, of the device,

tion.center point-58:as the.center.of the.masking
-disc,. thus Jeaving .the..darkened .area-57..cccen-
Atrically .disposed .on«the..dis¢, .as ‘seen :best . in

48, .andssecured in.position:.as seen in:Figures 2,
.3.and.-4.against the opaque disc-54.
It.is.not necessary.to:follaw.the.above described

~methed specifically,: because: the: negative .itself

may Jbe used.as the masking.dise. . JIn that event,

-the area 57 would be :substantially transparent,

-and there ‘would ;/be..a -darkened dborder: there-
-areund. . It.makes no.redl.difference if the €ccen~
dric portion.57.is dark.or light.and the boundary

therearound light or dark respectively, as.the.disk
varies the amount of light falling on the photo
cell, and such variation may.be in either direc-

_'The.same . masking :disc may. be.used.for.all en-

45

- gine ‘cylinders.intended :by-the manufacturer. to

‘be.identical. If.an engine having cylinders of
different type.or different size. is.to be tested, a

. new masking discmust be mades to fit:those differ-
“ent eylinders, if reasondble gccuracy is desired.

- dn. JFigure 1.
.pick-up device 4.is. .connected, through.a. pair.of

. In.Figure 9 1 have illustrated diagrammatically
a.wiring-diagram for.the apparatus shown.mdinly
It will (be seen ‘that ‘the pressure

" conductors $6 and 61.:to: the ¥oltage amplifier 6.
. These.conductors.are ¢entained within the:calle
+5.0f Figure 1 .which:cableis. shielded as.indicated

65

_one:for-each of the:selected increments-of crank ~ ¢fects from outside .disturbances.

_Aas.a battery T(.

. A.curve: 85

.at.-68 .in Figure ‘9 to.eliminate .any. .undesirable
The . voltage
-amplifier 6.is connected fthrough: nonductors 69
.and 10, contained :within cable-J, to the vertical

.defecting plates -of the oscilloscope 8.  "Axdotted
560"

Jline. encleses thestructure.contained. within. the

.volume. sweep;generator.8. for, purposes-of.clarity.

T'he light.source 42 i{s:connected through:conduc-
tors 43 and. 44 to a suitable source.of energy.such
..Conductors. 12.and: 13.tap the
econductors 43 and 44. respectively..and-lead :into

-sthe.voltage amplifier-13. . The photo-electric tube

plifier 13,
(it

121.is:connected ihy. way «of .conductors. 14-and..19,

contained within the cable 28, to the voltage.am-
:the .cable -28..4als0, being .shielded as
Andicated.at. 16.: ‘The: voltage amplifier,.as stated
.above, is preferably,of -the:type:earrying-its own

power .supply, but.:in:Figure .9, . for purpesesof
~clarity, -the pewer:supply has been shown :sepa-
=rae-from-the amplifier. In:thisfigure, the power

15

~supply:is:indicated by :numeral: 1. .and-is con-
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nected to the voltage: anipiiﬁer by condﬁctors 18

and T9.
power supply-to-any suitable source of energy

such, for:example, as 110 volt 60 cycle alternating -
current which msy easily-be had-by way of any -

convenience -outlet. - The voltage amplifier {3 is

connected by way. of .conductors 82:and. 83 to the -
horizontal deflecting plates of the oscilloscope -8 -
so asto provide the volume sWeep in the resultant :

fluorescent trace,”

-A$’seen best in Flgures T and 8 the cathode ray. -
screen. 15 of. the -oscilloscope .is provided  with’

graph-markings either’ by etching such: graph
upon the ‘glass .of ' the: oscilloscope or by way.:of
securing - a piece  of :substantially: transparent
graph paper to the oscilloscope screen.
vided Uipon-the .oscilloscope: screen is a pair of
permanent engine indicator diagrams. Numeral
84 indicates an indicator diagram or pressure
versus, volume curve:that denotes substantially
ideal or perfect operation of the engine cylinder.
This curve is theoretically perfect for a particu-
lar engine dand it is not to be expected that the

fluorescent trace made under:test of that engine

will equal diagram- 84. Reference numeral 85
indicates the'minimum tolerable diagram for the
class of engine under test.” In other words, this

pressure versus volume curve is: the poorest that -

will be allowéd for the particular class of engines
bemg examined. - The diagrams 84 ‘and 85 are put
on with any ‘suitable form of paint or ink" and
remain in permanent position. :
Accordingly, if the-fluorescent trace appearing
upon the screen 15 of the oscilloscope when an
engine cylinder is under test falls between  the

diagrams 84 and 85 the operation of that engine

cylinder is satisfactory. Accordingly, it will be
at once noted that an expert eye is not necessary
for the testing or examining of a series of engines
upon an assembly line, because even an unskilled

operator is capable of telling whether or not the .

fluorescent trace falls between the perfect dia~
gram and the minimum tolerable diagram. It is
not essential that that operator even know all the
information available from an indicator diagram.
On the other hand, if the test is made in research
work or Is a special test, a skilled analyst may
be used to examine the fluorescent trace from
which he can tell the efficiency, the compression,
the possible valve action, undue restriction in an
air cleaner, back pressure in mufilers, etc. In Fig-
ure 8 I have indicated a curve 86 in dotted lines,
ag exemplary of a fluorescent trace appearing
upon the cathode screen of the oscilloscobe and
which falls satisfactorily between the ideal curve
84 and the minimum allowable curve 85. The
dotted curve 86 would indicate that the cylinder
under test was sufficiently satisfactory for com-
mercial purposes.

In operation the instant invention is extremely
simple, economical, and highly efficient. Assume
that tests are to be made of a series of engines
intended to be idenitcal coming down a produc-
tion line. The apparatus of Figure 1 may be dis-
posed adjacent to termination of that production
line so as te meet each engine that is considered
finished. Assuming again that the engines are
multi-cylinder engines, it is a simple expedient to
connect the shaft 19 of the volume sweep gen-
erator 9 to the crankshaft of the engine, and then
eonnect the pressure pick-up 4 to the first cylinder
of the engine. When the engine is operated, a
fluorescent, trace which is a substantially true
pressure versus volume diagram of that engine

Also pro- -

Congductors ;80 and 81 -lead from -the:

10,

15

2.
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will .appear upon-the. screen 13. If that .trace
falls between the curves 84 and 85, that particu-,
lar cylinder is satisfactory.. Such operation. re-
quires only -a very small interval of time. Upon

= the completion of that test, the pressure pick-up

4 is' connected to.the nexi- engine cylinder and
the shaft (2 is shifted relatively to the crank- .
shaft of the engine to maintain the proper phase -
relationship between the -pressure. and . volume
changes in the cylinder. In that manner; each.
successive engine -cylinder is examined, and in
like ' manner the following engine is tested.

Of course, it is to.be understood. that a mask- .
ing disc 85 has been made for the particular -

engines under test. - If the same apparatus is to

be used upon - another  production line making
engines of different types or -different-sizes, a .
masking dise for that particular type or size of
engine must be installed in the volume sweep

20 :generator 9.

It will be especlally noted that the apparatus'
will. work ‘equally’ as well for single-cylinder en-
gines as for multi-cylinder engines, and equally.as .
well for flexible pistons. as rigid-pistons.. In con-
nection with flexible pistons, it will'be noted that :
the 'cylinder volume on the downstroke is not the:
same as'it is on the corresponding location:of:the.-
piston on the upstroke, but such variations will all -
appear on the: eccentric portion of the*masking .
disc.-and will be accurately reproduced in the.-
fluorescent trace on the oscilloscope screen. .-

From the foregoing, it is.apparent that I have
provided novel, economical, and highly efficient:
means for obiaining. a substantially tfue and ac-

tual’ pressure versus volume. indicator diagram-

for engines, ‘the invention being so economical in.
constructzon and’ use as'to warrant ‘the testing or®
examining of each cylinder of each ‘engineiin a-
production line, and this is especially true because
in such work the labor amounts to little and the
services of g skilled operator for taking the read-
ings are not necessary. It will also be noted that
I have developed a new and novel method of pro-
ducing a salient part of the apparatus which is
sufficient for all engine cylinders intended by the
manufacturer to be identical. Substantially any
degree of accuracy may be obtained depending
upon what care is expended in the making of the
masking disc.

It will, of course, be understood that various
details of construction may be varied through a
wide range without departing from the principles
of this invention and it is, therefore, not the
purpose to. limit the patent granted hereon other-
wise than necessitated by the scope of the ap-
pended claims.

I claim as my invention:

1. In apparatus for producing a. visible pres-
sure versus volume indicator diagram for an en-
gine, an oscilloscope, a pressure pick-up connect-
able with a cylinder of an engine under fest and
with one set of deflection plates of said oscillo-
scope, a- photo-electric tube connected with the
other set of deflection plates of said oscilloscope,
a source of light for said tube, and means ar-
ranged proportionately to changes in cylinder
volume during & piston cycle connectable to the
crankshaft of the engine under test to be rotated
thereby and positioned to vary the light from said
source on said tube, said means being in the form
of a masking member permeable to light having
an opaque area eccentrically disposed relatively
to the operating center of said member and which
area has an outline in the nature of g curve vary-
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ingin:accordance with volume-changes in‘the-en-
gine cylinder during-movement of the piston.

2. Imapparatus for producing a visible pressure

versus volume indicator diagram for an -engine;-

an-oscilioscope;, a. pressure pick-up connectable
with a-cylinder of an engine under test and with
one set-of ‘deflection plates-of said oscilloscope,-a
photo-electric: tube- connected with the other set
of ‘deflection plates of 'said oscilloscope, a-source
of light for:said-tube, and means arranged pro-
portionately-to changes in:cylinder volume dur-
ing a piston cycle connectable to the crankshaft
of ‘the-engihe- undér test to be rotated thereby
and: positioned to-vary-the-light from said source
on’ said tube, said means being in the form of a
masking dis¢ -having a-substantially transparent
portion and an.opaque portion, one of said por-
tions being eccentrically disposed relatively to.the
operating center of the disc with its outline vary-
ing proportionately to volume changes in the cyl-
inder of the engine under test. '

3. In: apparatus for producing 5 visible pres-
sure-versus volume indicator diagram for an -en-
gine, an:oscilloscope, a pressure pick-up connect~
able:with a. eylinder-of an engine under-test.and’
with one set. of ‘deflection: plates of-said oscillo=
scope;. 2. photo-electric: tube connected with -the
other set. of deflection plates of said oscilloscope,

a:source:of light for said-tube, and means arranged.:
proportionately to-changes in cylinder volume:
during. a: piston:.cycle connectable to the crank--

shaft of the ergine under test to be rotated there-
by rand:positioned to . vary: the light-from:said:

source:on-said tube, said means being in the fornr,

of a-disc of photographic -film having a -substanx
tially-transparent portion and an opague portion;
one of said :portions being:eccentrically disposed
relatively-to-the center of rotation of said:dise::
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4, A-volume-sweep-generator; including a cas-
ing;: a- photo-electric-tube-in said casing, a light
source -for -sald tube; a:substantially transparent
and: rotatable: masking:-disc. positioned between:

' the-tube and light source; sald disc having a.sub-

stantially: opaque..pertion- the -outline. of- which
varies:in proportion to. volume changes in'an en=
gine cylinder during:a piston:cycle; said:portion
being-eecentrically-disposed relatively-to the cen~
ter of the disc, means to connect.said dise to the
crankshaft -of an engine:under test for actuation
thereby, an opagque partition.between said-discand
said- tube, said partition- having a:slot:-therein,
means: to selectively vary the length of said slot, .
and:said tube being:connectable to-an indicating
apparatus. : :
. RUSSELLJ., TINKHAM.
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