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UNITED STATES PATENT OFFICE.

FREDERICK PURDY, OF KENOSHA, WISGONSIN ASSIGI-IQR OF ONE-HALF TO FOBEE
~ BAIN, OF LA GRANGE. ILLINOIS. I

ENGINE INDICATING APPARATUS. |

949,129,

TR . ,&pplicatmn filed January 19, 1909

fo u:H whom 1t may concern:

‘Be'it known that I, IFrepurmck Pmu}l, 4
citizen of the United States, residing at
in the county of Kenosha - and
State of Wisconsin, have invented certain
new and useful Impmvementa in Enpine In-

dicating Apparatus, of which the fo lowmg

ls a specification.
My invention relates to unplnwlmnh 1}

engine indicating apparatus, and has for its

cation
of the pressure conditions within an engine
cylinder throughout one or more YL](‘H of
its operation, or portionsthereot and to pro-
vide means for producing such indication.

pl';unma object to provide a graphical mdi-
y

Heretofore 1t lLias been the practice to -

dicate engine pressure by a curve related to

rectilinear coordinates, hut such system has
disadvantages, particularly where souglt to.

be applied tu h}gh speed engines or engines
having shor  sonnecting rods, or to engme
with ofl‘set cylinders
quent mmwrenw in Uas engme pl“l{‘tl(,t"
Further, 1m “pectilinear ” indication,
card movement coinecrdes with  the [}Mmi
moventents and very small card movement

attends the passage of the crank throagh the

20°. or 30° 1110111(]111g the dead center points

at the ends of the piston stroke, yet in-a gas

‘engine these arve the critical ]Jm*tmm of the

stroke and require most eareful observation
i securing high efhiciency.  This last men-
tioned method of indication T may refer to
as ‘* rectilincar”
cuished therefrom I may refer to the iudica-
{1on eﬁ&cte{l l}y
seribed as “ circular” indication.

of the provision of an applicator and a re-
ceptive surface, one rotating with respect to
the other in consorfance with a cycle of oper-

ation ‘of ‘the pressure unplovmg engine

to effect a circular indication, o1 tracé, npon
the redeptive smface one of said ('(m('tkn{
parts being movable in- response to Vi

tions prefﬁur{l in the 1}I'L%511r£,—tllnplnylnfr_

engine to vary the radial distance of the in-

“dicated trace upon the receptive surface from
a center or pole alining with the axis of ro- |
tation of the rotatable elenient, so that the

- cyelic periods are indicated clr{mlarly and

55

pressure conditions are indicated radially
upon the receptive surface. L

My mvention furthm CO]lblStS '111 a car(% | svcuredtoa headw and vommumcatmg Wlth ~1'1'0L

& curve, related to a single center,

cumhtlml'~ all of flL- :

the

indieation, and as distin: |

the meqns lwrﬂrmﬂvr de-

1

Speciﬂcation of Lattels Patent

]
v

‘eylinder qumt-' Fig: 2 is a side elevation
'-thoreof I Ig- 3 is anenlarged central ver-

'slumn I I*}u 4, 1m0 1ts position 1n the appa-
tail on lie 8

“der
Frames for the (‘}]Illdt*l‘m_., stich construction,

_]u-mluunu engine hroadly, and 12 mdicates
the vrun]{ shaft of the engiie, typifying
‘_xll]\
with the cyclic operations of the engine.

_l]hu]t‘ from tlic (*Vlmder o (‘V]lll(l(‘lh of the
00

“or individual devices each i;i‘-::b(}(;lﬂt{}{ wilh a
Leseparate eyhinder, it being my prtfu‘mce i
My invention broadly considered mlmsts |
ploy a connmon, pressure responsive device,
and associated echanism for all of the
¢ v]mdew 1 order ilmt tlwl,e 111y be no .

Pparts. L
any suitable pressure responsive means a

L,l’ﬁtehtml Feb. 13, 1910,

‘Beiial }Io.' 473,142,

I bearnty a truce indieating by rotative pm-
| oreéssion’

about a single “center the eyelic
progression of an engine part,and by radial

'u:haplau,uwni from said center the pressure .
conditrons weu]tmg in or from PﬂLll pPro- ¢o

L

|

gression of the engine part.

Other objects of my invention will become
apparent fron the fu]lnwmg_) description, -
taken In conjunetion Mwith the ﬂ(-companylmr'
drawings, tlustrating” a ‘single’ convenient
embf;dlment of the my emmn, and wherein;

Figuré 1 is a plan view of an indicator
connect®l by a coimmon head with a four-
70

al sutum' I} g £ is an enlarged detail of ©
thu rvﬂectmn anplicator and its mounting ;-
[Fig." 5 1s an “enil view from the left of Fig.
1: Fig. 615 a front view of the apphicator
75
ratus: "I g, lb a sectional detail on hpe
T—Tof I 1. d' and, Fig. 8 is a séctional de-
'-—-b of T g, 3. g, " 1S 0 cardd
or recoid. o
i the -:lrmm“ 10 indicites a fmu {*}Im- 80
gus engine, whereof 11--11 are the
being typical of any pressurve-utilizing or

engine part, opu‘a(mw in - consonanee

Pressute cominmilcating connections. are
engine 1o qm{.tble ]]l‘{“ﬁlll‘t" FESPONSIve means.

which may be common to all of the t?flmdt'w_

lesting multiple eylinder gas engines to eim-

(:Um]ml‘:-ltlw errors in the lt‘-‘:ldlllgb taken
with respect to -the several cvlinders, dua
to peenliatities of individual ~responsive
 To this end.T employ, as typwal of

“sihgle diaphragm, having .plural leads, each
alved for. mdlndunl contrel, tojthe several
cvlinders, ‘of ‘the. e engine. ‘In the particular
“construction shown 13—18 Jndicate tubes,
~conuecting with the several engine eylinders,
r-ommumcatlnw through suitable needlv-
valves 14, w1t11 a conmmon rotatable union 15,

lllﬁ
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i chanber 17 within said head, suid chamber « sonance with the cyclic operations of the

heing closed uq its far side
8. Provision is made of an applicator for
directing a tracing medimu., and g receptive

siurface whereon the indication is niztde, one

15 by a draphragn

of said elements being rotatable with respect |

to the other, about what T may term the axis

or center of mdieation. and one radially
movable with respect to the other to vary
the position of the traced curve radially witl
reference to the axis of rotation of the rotu-
table part. In the preferred construction
shown connection is made from.a suitable
part of the engine, such as the crank shaft.

to au applicator, mounted for rotation in

consonance with a cyele of operation of the

engine, and also related to the pressure re-
- r1ed by shaft 31.

sponsive device or diaphragm for control

by such diapbragm in sueh a wuay that the |

radial Jocation of the trace or indication

registered by the operation of the applicator .
s controlled by such pressure responsive the applicator 26, any suitable apparatus
. ~may be provided. Preferably I provide a
struction_shown the trace or indication is | casing 40, closed except as heretnafter stated,
regisiered or applied through the medimu ' at one end carrying the bearing block 20,

- suitably disposed to prevent the applicator

part or diaphragm. In the particular con-

of a light ray, directed by an applicator in
the form of a reflecting surface or mirror
mounted for rotation, about an axis gener-

engine, a gear 30 is provided in mesh with
the gear 23, carricd by the shaft 31 extend-
ing through an adjustable bearing member
32, said shaft 31 Having a tumble shaft con-
nection 33 with a pinion 34 meshing with »
similar gear 35 upon the engine shaft 12.
For convenience of relative adjustinent of

the two gear pairs relative to each other, the

tumble shaft connection is made capable of

- ready disconnection and replacement, and to

ally at right angles to the plane of the ir-

ror in consonance with a cycle of operation
of the engine und controlled as to radial de-
flection by the diaphragm as herelofore
cenerally deseribed.  Dut while T prefer the
use of a reflected light ray as a card-tracing
medium, it will be understond that any other
medinm of registering the movements of the
appheator might be employed.

In the construction shown. 20 indicates a
bearing block into which is adjustably
screwed the diaphragm-carrying head 16,
Within the block 20 in advauce of the head
16 1s threaded a sleeve 21 earrying at its
front end a tubular bearing 22 affording
bearing support to a retatable clement 23,
shown as a beveled pinion, said pinion bear-
ing on its front fice a bracket 24 in which
1s pivoted a radial lever 25 carrying, in
alinement with the center of the wheel 25,
a reflecting surface or mirror 26, said lever
25 having a tail piece 27 against which bears

- leaf spring 28, mounted on pinion 23 and | |
.
- tor 26 stands at an angle such that by revolu-

tending constantly to move the mirror rear-
wardly toward the surface of the rotatable
carrier or pinion 23. To the diaphragm is
connected a rod 29, extending from the din-
phragm through the bore of the slecve 21
and bearing 22, and through a suitable aper-
ture in spring 28, to touch the lever 25 in
alinement with the center of the carrier, so

that the spring 28 and diaphragm 18 may
| Nor- |
mmally the diaphragm pushes the lever for-.

operate 1n opposition to ecach other.

ward so that the reflector is slightly inclined.
from right angles to the axis of rotation.

For driving the earrier 23 in rotation in con- |

T 1 - -

this end the socket of the pinion 36 associ-
ated for rotation with pinion 84 is elongated
and 1ncloses a spring 87 against which the
tumble shaft may yield when pressed down-

ward, so that the upper end thereof may

readily be disconnected from the socket car-

For prodiicing a hght ray and directing
1t upon the reflector 26 and for receiving the
trace of said light ray when reflected from

or reflector 26 to the interior of the casing,
and at its other end providing a photo-
graphic plate holder 41 or other suitable ap-
paratus carrying a receptive surface 42,
which may be a photographic plate or filin
if permanent record is to be mat*e, of ground
glass or other image receiving surface for

- visual observation, as will be understood bv

- o= e — e —

- engine cylinder ma

n a circular path

those skilled in the art. At a suitable point
exterior to the casing I provide a source of
]i%ht such as the electric arc lamp 43 mount-
edd in front of the Light tube 44, bent at an
angle, and having an adjustable extension
45 leading down into the casing 40, such tube

- being provided with a reflector 45 at its

joint, ‘and a second reflector 47 at its lower
end whereby a ray of light from the arc
lamp 43 passing through the tube 44 and ex-
tension 45 and deflected by the surfaces 46
and 47, may be directed upon the reflecting

applicator 26 and by it thrown upon the
receiving surface.

The operation of a device as deseribed is
as follows: When the diaphragm 18 is under
atmospheric pressure the reflecting applica-

tion 1t will direct the projected ray of light
of compamtfive? stall
diameter Yypon the receiving surface 42
Now it tt’ri‘f be appareént that any desived
have its valve connec-
tion. 14 to the diaphragm chamber opened,
all others being closed, so that the angulav
position of the diaphragm relative to the
nxis of rotation is dependent upon the pres-

sure conditions existing within the eylinder
~and responds by movement to the engine

operations involving chunges 4n pressure in
such cylinddk. At the same time the appli-
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cator 18 rotated in consonance with the cyclic
operation of the engine, its axis of rotation
including the center of indication and con-
sequently the beam of light thrown upon the
receiving surface describes a curve aboud 2
pole or center of indication on the axis of
rotation of the applicator, indicating by its
areular progression the cyclic progression of
the cngine operations, and by its radial dis-
tance from the axis showing the variations
of pressure within the engine cylinder. 1he
resultant card or record made upon a sensi-
tized plate or film, from a four-cycle gas en-
zine geared to rotate the applicator with
each crank rotation will be somewhat 1 the
form shown in Fig. 9, the true cire e, arbi-
Warlly inseribed upon the sensitized sur.
fuce, representing the atmospheric line.
LThe trace, or indication, it will be » pparent,
1s a continuous curve related to a single cen-
ler, or axis of indicution, ag n resultant ‘of
angular or rotary progression of a point
about said center in harmony with eyclic
progression of an engine part, und radial
displacement of the point in harmony with
pressure variations resulting in or trow such
vychie progression of the. engipe phrt, the
radial displacement being prefterably from a
cirele indicative of a basic pressure, such as
atmospheric  pressure. Kor
tests, a card of a stundard cylinder may be
made and preliminarily impressed upon the

scusilized surface or printed upon the
pliotographic printing paper, so that the

E

wtagram of a cylinder wnder test niay be

nechanically superposed thereon, or for ab-
solute pressure deterininations {he aAppura-
(s may be tested te determine deflection
aue to predelermimed differences in pressure,
and such lines preliminarily plotted and pres-
stee areas subsequently Howred from the
traccd record,  Of eourse for ordinury prac-
tice the 1ecord made upon a plane Swrtace
15 suiticiently accurate for acceptance, but
tor theovetically accurate work allowance
inay be made in the use of a plane receptive
surface for the errors due to the var 1ny
adix] distance of said plane from the focal
points of the applicator, or a parti-spherical
recelving surface having its center in such
focal pomt of the reflector should be em-
ployed.

YWhile I have herein shown and desaribed
the pavticular apparatus which I havd Yised
in_practice and have found successful, 1t
wiil be understood that T do not intend to
himit my invention in its broander aspect to
the particular construction shown and de-

-seribed, as T believe to be new and broadly

claim the provision in an engine indicator
of a receptive surface and an applicator
controlling the application of a tracing me-
dium to such surface, one of said eleinants
hetng rotatable relative to the other in con-

85 sonance with a cycle of operations of the

comparative .

hign.  [Furtherinore

= T T

-l Hﬁ_-—-‘.-_‘,.,

3

E

cngine, and one of said elements being' o' -
able to vary .the radial distance of thé frite
or mdicating curve from a single center in
correspondence with the varying préssure
conditions within the engine; and T ulso

hroadly elaim the indicator enrd bearing a

trace as produced by such civenlar indica-
it wil be understoml
(Hat T do not limit the operation of my Til-
vention to any particular kind of englije,
hl# contemplate 1ts use with any
wheremn the pressure i3 variahle throughoit
a cycle of operations. S
Having thus described my invention, whit
I elaim 1s; -
I. In an engine indicator, the combination
of a’receptive surface and an applicator
for directing a tracing medium upon s$aid
surface, one mounted for rotation reldgtive
to the other to produce a circular indication
by the fracing medium, and one mounted

for movement to produce radial displace-

ment of the indicating trace, and pressire
responsive means for effecting such move-

ments of the appropriate clement to produce

the radial displacement. R

2. The combination with an engine, ‘of ‘an
indicator comprising a receptive surface gfid
an applicator for directing a tracing me:
aium_ upon said receptive surface, one’ ro:
tatable relative to the other.about the center
of indication, the rotative part having con:
nection with the engine for rotation in coh-
sonance with the cycles of operation of the
engine, and said applicator being movable
to radially deflect the tracing medlum fipon
the receptive surface to vary its distanee
from the center of indication, and ' means
responsive to pressure within the engine font
=0 moving the applicator. SRR

o 'Fhe vombination with an engine; of ah
indicator comprising a relatively statiohary
receptive surface, and a relatively movable
applicator arranged to direct a tracing fhie-
dinm with respect to said receptive surfaed;
means for impgrting rotary movement about
the axis of ir?i?icati:m to said -applicator: it
consonance with a cycle of operations of the:
engine, and means for imparting another
movement to sald applicator in accordance
with varying pressure conditions within the
engine to effect radial displacement of the
trace. |

4. The combination with an engine, of an
indicator comprising a relatively stationary
receptive surface, an applicator for direct-
ing a traecing medinm, mounted for rétation
to direct the tracing medium cirenlarly upon
the receptive surface, and for other move-
ment to deflect the tracing medinm radially
upon said receptive surface, operative con-
ncetions between the engine and applicator
whereby the rotative movement of the appli-
mtor conforms with the cyclic operations

| of the engine, and means responsive to pres-

L e

! de.

70

-

O
engine

80

-
. -
d

8o

e

g

10

4 ol

10:

@

110

.
Wy "1"

115

120

125

130




Luby |

10

15

20

25

30

45

40

45

-<3-

sure conditions within the engine for effect-
ing the deflecting movements of the apph-
cator. | o

5. In an engine indicator, a carrler rota-
table about the axis of indication, an appli-
cator pivoted upon said carrier, and adapted
to direct a tracing medium at varying angles
to the axis of indication, means for rotat-

ing said carrler in consonance with the cy-

cles of operation of the engine, and means
for pivotally moving said apphcator upon
the carrier in accordance with varying pres-
sure conditions within the engine.

6. In an engine indicator, tﬁe combination
of a relatively stationary receptive surface,
a reflecting applicator mounted for rotation
about its focal axis on the axis of indication,
means for rotating the applicator, means
for delivering a ray of light to the applica-
tor, and pressure responsive means for mov-
ing said applicator to vary the radial deflec-
tion of the iight from the axis of indication.

7. In an engine indicator, the combination

of a rotatuble carrier, a reflector pivotally
mounted upon said carrier, with its focal
center in the axis of rotation of the carrier,
and arranged for pivotal movement toward
and from right-angle position with respect
to the axis of rotation, and a pressure re-
sponsive means having connection with said

reflector to vary its angular position upon

the carrier.

8. In an engine indicator, the combination
of a receptive surface and an appheator for
directing a tracing medium upon said sur-
face, one mounted for rotation relative to
the other to produce a circular indication by
the tracing medium, and one mounted for
movement to produce radial displacement of
the indicating trace, and pressure résponsive

means for effecting such movement of the .

appropriate element to produce said radial
deflection, arranged, when under atmos-
pheric pressure, to position said appropriate
element for tracing a circle upon the recep-
tive surface, circumscribing as its center the
center of rotation of the rotative element.

9. The combination with an engine of an
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indicator comprising a receptive surface and
an applicator for directing a tracing me-
dium upon said surface, one mounted for ro-
tation relative to the other about the axis of

- indication to produce a circular indication

by the tracing medium, and said applicator
being mounted for movement to provide ra-
dial displacement of the indicating trace
upon said receplive surface, an operative
connection between an engine part and the
rotative element whereby the rotative move-
ments of sald element conform with the
cyclic operations of the engine, and means
responsive to pressure conditions within the
engine for effecting movements of the ap-
plicator {o produce radial displacement of
the trace.

10, An engine indieaiing card bearing a
visible trace in the form of a continuing
curve related to a single center of indication,
sald curve being a resultant of angular dis-
placemment of a point about said center 1n
harmony with cyvelic progression of an en-
gine part and radial displacement of said
point with respect to said center 1n harmony
with those pressure variations in the engine
resulting in.or from such progression of the
engine part.

11. An engine indicating card bearing a
visible trace In the form of a continuing
curve related to a single center of indication,
said curve being a resultant of angular dis-
lacement of a pomnt about said center in
}mmmny with cyelic progression of an en-
oine part and radial displacement of said
pomnt from a normal l‘ifﬂﬂl distance from
said center indicative of a basic pregsure
within the engine, said radial displacement
heing constantly in harmony with the varia-
tions of pressure within the engine, above or
below a basic préssure, resulting m or from
such progression of the engine part.

In testimony whereof 1 hereunto set my
hand in the presence of two witnesses,

FREDERICK PURDY.

In the presence of-—

Forek Baix,
Mary U Aruen.
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