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V‘CLAUDE E. COX, OF DETROIT, MICHIGAN

" INTERNAL COMBUSTION INDICATOR

Application filed Tuly 29, 1929. Serial No. 381,993,

The general object of my invention is to
produce improved mechanism by means of
which diagrams of average };\ressure condi-
tions within a cylinder of a high speed en-
gine may be produced with a high degree of
aceuracy at comparatively low speed of dia-
gram production. ., :

A feature of novelty, and probably the most
important, is the provision of mechanism by
means of which, all of the cylinders of a
multi-cylinder engine being equipped with
sampling valves, a corresponding number of
pressure diagrams may be simultaneously

roduced in exact working phase relation-
ship, thus enabling a more accurate compari-
san of pressure conditionsin the entire engine
than has heretofore been possible.

Another feature of novelty in my device
resides in an improved sampling valve by
means of which sample pressures, effective

_upon the diagram drawing mechanism, may

be obtained and segregated from the working
cylinder at a point at a minimum distance
from the cylinder, thereby redizcing to- a

» minimum the pessibility of pressure fluctua-

tions upen the diagram drawing means,

inder, and which may otherwise be imposed
upon the diagram drawing means because
of the character of the necessary conduit be-
twiaen the working cylinder and the sampling
valve. :

- Another feature of novelty im my device
resides in a eombined sampling valve; of the
character specified above, and sparking means
whereby the need of a special opening for re-
ception of the sempling valve is avoided.

Another feature of nevelty in my device
resides in the electro-magnetic character of
my sampling valve, the simplicity of which
makes possible the ready application of dia-
gram drawing means to each cylinder of any
engine of common construction witheut the
need of elaborate special equipment.

i The accompanying drawings illustrate my

invention.

Fig. 1 is a developed view of the appara-
tus, some of the parts (including one of the
sampling valves of the spark-plug form): be-
ing shewn in axial section; - :

Fig. 2 is a plan of the sampling valve
shown in Fig. 1; ,

Fig. 3 is an axial section of one form of my
improved sampling valve without an imme-
diately associated spark means;

Fig. 4 a schematic diagram of driving and
phase changing gearing for the circuit break-
er and indicator; '

Fig. 5 is a fragmentary section of one ele-
ment of the circuit breaker;

Fig. 6 is an end elevation of the gearing in-
dicated in Fig. 4;

Fig. 7 a perspective of the recording ele-
ment, and ‘

Fig. 8 is a diagrammatic plan of the dia-
gram drawing means.

In the drawings E indicates the engine to

be tested; I indicates any suitable indicator-
card drawing mechanism comprising a draw-
ing tool 10; P a pressure-affected position-
ing device for the tool 10; S my improved
sampling valve embodying sparking termi-
nals; S” an alterative form of sampling
valve: and CB a desirable form of circuit
breaker by means of which actuation of the
sampling ‘valves may be obtained at any de-
sired phase of a cylinder cycle.
" The two illustrated forms of sampling
valves S and S’ are, in' the main, identical.
Each comprises a main body 11 provided at
one end with a threaded plug 12 preferably
sized for reception in a threaded opening 13
in an engine cylinder 14 capable of receiv-
ing a standard spark plug. In the body 11,
as close as possible to the end of plug 12, is
a small, outwardly-presented valve seat 15 at
the outer end of a shert, small diameter pas-
sage 16 which leads to the end of plug 12.
Leading outwardly to the cuter end of seat 15
is a valve passage 17 in which is mounted a
valve 18.

The upper end of passage 16 is enlarged
and provided with circumferentially-spaced
inwardly projecting ribs 19 which form a
guide for an armature head 20 which is ad-
justably secured to the outer end of the valve
stem 21 by threads 22 and check nut 23. At
the outer end of body 11 is a flange 24 which
forms a wall of the chamber 25 within which
head 20 lies. Head 20 forms an armature
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"~ foran electromagnet. Chamber 25 Is closed

- by a non-magnetic plate 27. :

10

-dinally grooved, as mdicated
and chambered at 36 to receive the terminal-

electromagnet 80, the poles of which- lie
against the outer face of plate 27. ‘Leading
from passage 17, through a nipple structure
is a passage 82. . Lo
- In the structure S the body 11 is longitu-
at 35 (Fig. 1),

31 mounted on the base of the electro;nagn;ét‘,-

_ ‘carrying porcelain element 37 of a standard

spark-plug, the sparking términals 88 of

- ~which are projected into a-small chamber’39

~at:the end of

inner end of passage 16 communicates.. -

Tormed-in the outeér end of head QOJis;lir.'

* pocket in’ which-is'a compression spring 40

,20

. ‘mally seat valve 18 on its seat 15. .

L abutting against plate 27 and serving to nor-

. The indicator. mechanism T (Figs. 1, 7, 8)

~ ‘may be of .any desired ‘construction. and I
-~ ~have-indicated one of the. open-card ‘type

comprising a-platen. 50, paper supply:..roll

~51, guide rolls 52, 52, one' of which may be.
* driven from the circuit:breaker OB by. suit-
- able driving connections 53 (Fig. 7), and a--

“plurality of drawing tools 10. A’ plurality -

_of drawing tools 54 for drawing: “atmos-

S 30 phere” lines or reference lines indicating-any

desired instant of working cycle for each dia-
gram may be carried by a carrier 55 adjust-
able-laterally of the paper 56 by means ‘of a

- rack 57 and manually adjustable pinion 58.
5. The device. P may, of course, be of any

suitable form-having a pressure-affected ele-

- ment-adapted to poesition the tool 10. A con-

- venient.structure comprises a cylinder 60
"~ containing a-piston 61 connected at 62 with
the arm 107 which carries tool 10. . Piston 61
is normally urged to the receiving end of cyl-:

_inder 60 by a tension spring 63 anchored. at

-.oneend-to a collar. 64 rotatively associated

“with the piston.rod and anchored at the other

5 end to a-collar 65-axially adiustable on the

- cvlinder body by the threaded mountine 66.

- Cylinder: 60 is connected to nipple 31.0f the -
_sampling valve bv a Dive 70, preferably of

~-Tas small volume ‘capacity as-practical. .~

50
. means may be provided: for momentarily en-

Any suitable timino and phage changing

S.ergizing each- eléctro—maénet,~3Q."and'» thereby
_ momentarily opening commynication between

- érgized must. of course, be'a
- tion‘of the tims interval of ,
piston of the engine from one end of its cylin- -

i
O

- the engine cylinder-and cylinder 60 at accn-
i -rately ‘determinable. times throuohout the

cycles of enoine operation. = The time inter-
val during which: the electro-magnet 80 is en-

the stroke of the

~_der'to the other.

~Referring nowto Figs. 4 t0 6. A cam shaft
71 is connected by a suitable driving connec-

_ tion 72-(Figs. 1 and 7) to the engine-to be
2 tested s0 as’to:move In synchronism with the

phig 12-and with which the

very small frac:-
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engine crank shaft. ‘In a four cycle engine

-this will be at one-half the speed of the crank
“Secured to flange 24 is a relatively strong -

shaft.  Shaft 71 is provided with a plurality
of cam surfaces 78, one for each cylinder to
be tested and circomferentially-spaced in ac-
cordance with' the number of cam surfaces in
phase relation with the -engine to be tested.
This shaft. ig made readily removable from
the instrument now to be described so that any
desired shaft with a-proper number and cir-
cumferential"’sp,,a.cing,o‘f cam spaces may be
substituted, depending upon the number of
cylinders in theerigine to be tested. - :
.- The-gearing in Fig. 4 is llustrated sche- -
matically, the parts being stretched out into
a single plane from ‘the positions indicated

70

5

80

by the center line in- Fig. 6.. In interpreting .~

this figure, therefore,.it. is to.be understood

broken off and:distorted fromsits actual posi-
tion. * Journaled on the end 71’ is a pinion:
74 having a clutch element 75 adapted to be
engaged.by aclutch element 76 splined at: 77
on the shaft end 71%.and movable into-and out

-of clutching engagement with the clutch. ele-
‘ent 75, being retained in either.one of its

two positions by a common form of retainer .
78. - Pinion 74:meshes with the gear 80-which-

carries-a pinion 81 meshing.with a gear 82

which carries a pinion 83 which meshes with

‘gear 84 journaled on a sleeve shaft 85: and

provided with ~a clutch .element 86. The

gear the purpose of which will appear..
- Journaled- concentric: with shaft 71 is a

that-one-end .71’ ‘of “shaft 71 is shown ‘as

20

']

train of gears 74—84 forms a speed reduction - -

100

head 90 and a spool 91 which are connected:--

rotatable agaunit. . - : R

- Head 90 carries a_ gear 94 which .meshes
with a‘pinion 95 on one end of sleeve 85.and"
slidably mounted on said sleeve 85 is a clutch. -

-together by suitable connectors 92'so'as to be

or-out of clutching engagement with the
clutch element 86, element 86 being: splined
to sleeve 85 by ping: 97 carried by: flange 98
secured-to the outer end of sleeve 85, which
pins are slidable in openings 99 in a head 100
which is secured to ‘the outer end of:clutch
element: 96 by means of which 1t may be
axially shifted.. . oo o o

- ‘Journaled in'sleeve 85 is a shaft 105:to the

outer end of which is secured a-flange 106

having a perforation 107 in-which is slidably

105

~element 96 which is adapted to be moved into '

10

115 -

mounted a pin 108 carried by a head 109 slida- k

bly connected with the hub of flange 106, pin
108 being so arranged that its free end.may
be projected into any one of a series of cir-
cumferentially spaced notches 110 formed in
flange 98, whereby the angular relation” be-
tween shaft 105 and sleeve 85 may be adjust-
ed. Notches 110 are circumferentially dis-
tributed, conveniently at equal distances to
provide for various time intervals of magnet

120

12

current maintenance, so that different ener:

gizing-current intervals may be provided for

1z
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energization of the magnet, depending upon
the speed of the engine and the saturation lag
of the magnet. -

Secured to the inner end of shaft 105 is a
pinion 115 which meshes with a gear ring 116
journaled on a series of circumferentially
spaced lugs 117 carried by head 90, pinions
95 and 115 being of the same pitch diameter
and gear 94 and gear ring 116 being of the
same pitch diameter. ‘

The inner surface of ring 116, between two
of the supporting lugs is provided with a cam
119 (Fig. 5) which is engaged by the free end
of an arm 120 carried by a rock shaft 121
which is parallel ‘with shaft 71 and is jour-
naled in heads 90 and 91. Shaft 121 earries
an arm 122 provided with a pin or roller 123
which takes inte a noich 124 in a plate 125
which is pivoted on a rod 126 which extends
between heads 90 and 91. A similar plate 125
also pivoted on pin 126, is arranged adiacent
head 91 and the two plates 125 and 125" are
connected by a grounded bar 130 which car-
ries a plurality of contact points 131 one cor-

5 pesponding to each cam surface 73. - Pivoted

on a rod 196 is a series of contact fingers 132
which are relatively insulated and which are
arranged in registry with the contact points
131, each arm 132 having a bearing block 133,
conveniently of insulated material, for en-
gagement with the aligned cam surface 78.
Each contact arm 132 is spring pressed to-
ward contacting position with its aligned con-
tact point 131 by a suitable spring 134, said

5 gprings conveniently acting as current-carry-

ing members to which the external connec-
tion to the magnet current supply are con-
These several wires: may be sup-
ported by a drum 140 connected to head 91,

> as will appear.

The construction just described is such
that, by shifting gear ring 116 on head 90, by
manipulation of head 109 relative to flange
98, the relation of contacts 131 to the con-
tact arms 132 may be varied to vary the time
of contact of the several contact arms 132
with the contacts 131. 'This is necessary be-
cause, as compared with the speed of the en-
gine, an appreciable time is required to prop-
erly energize the electromagnets to- actuate
the samrling valves, and hold them oper for
the desired length of time. -

In order to drive the paper supply roll 51
in synchronism with the engine, I provide the

& following mechanism:

Secured to gear 84, so as to rotate there-
with, is a pinion 150 which meshes with a
gear 151 secured to a sleeve 152 which carries
two gears 153 and 154 of different diameters.

* Splined upen a shaft 155 is a sleeve 156 which

carries two gears 153’ and 154’ capable of
being meshed with the adjacent gears 153 and
154, the sleeve 156 being provided ‘with a
head 157 by which it may be manipulated

' and retaining means 158-of well known form

3

being provided to hold the gear pair
153’—154” in either one of its adjusted posi-
tions. Shaft 155 is connected by gears 160
and 161 with a shaft 162 which leads to the

paper feed roll, which, as is usual, is pro-T

vided with pins capable of engaging the pa-
per and feeding it in synchronism with en-
gine speed. :

The operation of the circuit maker is as
follows:

When clutch 76 is separated from clutch 75
pinions 94 and 95 will be stationary and the
cam surfaces 73, coacting with the contact
arms 182, will energize the electro-magnets
30 at a predetermined time in the cycle of
each working cylinder, thereby opening each
sampling valve at the same phase period with
relation . to the several cylinders. The
working cylinder pressure thus obtained, as
an average of a multiplicity of operations of
each sampling valve will be built up against
the appropriate pistons 61 so that the draw-
ing tools 10 will be appropriately positioned.
By manipulating head 109 and rotating gear
115 relative to gear 95, the relative position
of cam 119 to the free end of arm 120 may be
modified so as to shift the contacts 131 to-
ward or from the free ends of the contact
arms 132, thereby increasing the contact pe-
riod of the manget circuit when the bar 13C
is set closer to said free ends, and decreasing
the contact period when bar 130 is set further
away from said free ends. The desired and
necessary period of energization of the
electromagnets may thus be nicely adjusted
relative to the engine speed to not only as-
sure energization of the magnets but to de-
termine the period of energization and thus
control the time interval during which the
pressure sample is being obtained.

So long as clutch element 96 is out of en-

gagement with clutch element 86, the phase
relation of the sampling period will remain
the same, and by manual rotation of head
100, pinion 95 acting on gear 94 will angu-
larly shift structure 90—91 so as to change
he phase relation of the circuit controlling
clements relative to the cam surfaces 73 and
thus determine the point in a working cycle
at - which sampling occurs. By shifting
clutch element 96 into engagement- with
clutch element 86, this phase relation is pro-
gressively advanced automatically, thus per-
mitting the automatic production of a com-
plete indicator card. The speed change
gears 138’—154’, arid associate parts are pro-
vided in order that the speed of movement of
the paper relative to engine speed may be
varied. - o

It will be noted from the preceding de-
scription that T have provided mechanism
by which indicator cards relating to all of
the cylinders of an engine under test, will
be simultaneously produced under pressure
sampling conditions which are exactly co-

10
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. ording means; one for each engine cylinder,
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related in all of the indicator diagrams. - By
shifting the drawing tools 54 to any desired
position, datum lines exactly comparable, as
to phase relationship, in-all of the diagrams
may be simultaneously produced, thus great-

" ly. mcreasing the possible accuracy of Inter-

pretation of the diagrams. :

- It will be noted that the time period re--

quired for the production of the diagram
record of one complete working cycle ex-
tends over a period of time occupied by a
considerable number of crank shaft revolu-
tions, although the actual time required in
the production of a complete pressure cycle
record is so comparatively short. -That is to
say, a diagram may be produced in, say, any-

~where from a quarter of a minute to a minute,

more or less, while the crank shaft of the
engine -1s -making " several hundred,revolu,—
tions. The record sheet will of course be di-

“vided longitudinally in time interval .indi-
cations and a continuous series of indications.

may:be produced throughout a test pericd;

during which test period various changes in

carburetor adjustment, spark conditions ete.,
may be changed and the effect of these
changes readily obseérved because of the rel-

atively slow production of the indicator.

cards. - Various inlet and exhaust manifolds
may be substituted one for the other, changes
In cylinder head constructions, valve arrange-
ments and combustion spaces may be changed
and the effects of these varions changes may
be readily recorded, observed during the pro-
duction of the records and subsequently com-
pared. As a consequence, it has been found
possible, from' records produced with this
instrument, to reach much more accurate con-
clusions as to the effect of various structural
characteristics of high speed engines than has
heretofore been considered possible.

I claim as my invention: .
1. Recording means for concurrent pres-
sure conditions in the several cylinders of a
multi-cylinder engine, comprising a plurality
of substantially simultaneously actuable rec-

a coordinated plurality of pressure-affected
means - interposed ‘between  said recording
means and cylinders, and a single means syn-
chronized with the engine for activating all

~of ‘said pressure-affected means in common

phase relation with the engine. :
2. Recording means for concurrent pres-

sure conditions in the several cylinders of a

multi-cylinder engine, comprising a ‘plural-
ity of substantially simultaneously actuable

recording means, one for each engine cylin-

der, ‘a coordinated plurality of ‘pressure-
affected means interposed between said rec-
ording means and cylinders, and a single
means coordinated -with all of said pressure-
affected means for determining the activity
of said- pressure-affected . means relative to

-side of the valve seat

1,890,601

their recording means at various phase rela-
tions in the working cycle of the engine.

3. Recording means for concurrent pres-
sure conditions in the several cylinders of a

multi-cylinder engine, comprising a plural-

ity of substantially simultaneously actuable
recording means, one for each engine cylin-
der, and each comprising a pressure-affected
element, a plurality of sampling valves inter-

posed one between each cylinder and its as-

sociated - pressure-affected element, and a
single means for controlling the opening of
all of said sampling valves at successive in-
tervals for relatively short periods in con-

current phase relation with the engine cycle. -

4. A pressure sampling ‘valve comprising
a tubular main body formed at one end for
immediate connection with an engine cylin-
der and having therein a valve seat closely
adjacent said end, a normally closed valve
seating on said seat, and means pressure-
isolated from-the. valve by which said valve
may be momentarily opened, said means be-

ing carried by and. transportable with the

tubular main-body. S
5.- A sampling valve of the character de-
fined in claim 4 wherein the means for open-
ing the valve is an electro-magnet. _
6. A sampling valve of the character de-

fined in claim 4 wherein the means for open-
_ing the valve is an electromagnet pneumati-

cally isolated from the valve
magnetic diaphragm. ,

7. A sampling valve of the character speci-
fied in claim 4 wherein sparking terminals
are arranged therein on the engine cylinder
and closely adjacent

by a non-

thereto.

I

o

8. A sampling valve comprising a tubular

body provided at one end with a.threaded ..

portion formed for reception in a standard
spark plug opening of an internal combus-

R

tion engine, a passage. through said main

body having a valve seat closely adjacent the
free end of said threaded portion, a normally
closed valve associated with said seat, and
ignition means arranged in'said body between

“the valve seat and the engine cylinder end of

the body.

Zib

9. A circuit controller ¢comprising a plurai- -

ity of independently movable relatively in-
sulated terminals, ‘a common terminal ar-
ranged to be contacted by all of said first-
mentioned ' terminals, means for actuating
said - first-mentioned
termined cycle, and means by which the com-
mon terminal may be adjusted to simultane-
ously vary the contacting

sure conditions in several cylinders of a

‘multi-cylinder engine, comprising a record-

receiving element and means for driving the

.same, a plurality of record-producing ele-

ments arranged to act upon predetermined

terminals in ‘a prede- ac

relation between it -
“and the plurality of terminals. '
10. Recording means for concurrent pres- -



“plurality

1,890,801

portions of the receiving element, a second
of - record-producing . elements

_ spaced in the predetermined relationship of

10

the first-mentioned plurality of record-pro-
ducing elements, and. means for simultane-
ously and equally adjusting said second plu-
rality of record-producing elements trans-
versely of the line of movement of the record-
receiving element. ‘

11. A pressure-sampling valve comprising
a tubular body formed at one-end for thread-
ed insertion in a standard spark-plug open-
ing of an internal combustion engine, a valve

“seat formed within said body closely adjacent

15

20

26

+ 30

35

said threaded end, a valve co-operating with
said valve seat, means for normally holding

said valve upon its seat, an electro-magnet

mounted on said tubular body and pneumati-
cally isolated from the valve and its seat and
an armature carried by the valve within the
field of said magnet. Lo

12. A pressure-sampling valve comprising
a tubularbody formed at one end for threaded
insertion in a standard spark-plug opening of
an internal combustion engine, a valve seat
formed within said body closely adjacent said
threaded end, a valve cooperating with said
valve-seat, means for normally holding said
valve upon its seat, an electro-magnet mount-

ed on said tubular body and pneumatically -
isolated from the valve and its-seat, an arma-

ture carried by the valve within the field of

said magnet and sparking terminals carried--

by and within said tubular body on the inlet
side of the valve seat.

13. A pressure-sampling valve comprising
a tubular body formed at one end for thread-

“ed insertion in a standard spark-plug open-

40
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ing of an internal combustion engine, a valve
seat formed within said body closely adja-
cent the threaded end, a non-magnetic dia-
Ehragm closing the other end of the tubular

ody, a valve mounted in the bore of said
body between the diaphragm and said valve

seat, an electromagnet mounted on said body

with its poles outside but closely adjacent the
diaphragm, and an armature carried by the

valve closely adjacent the’diapbragm and

within the field of the magnet poles.

14. A pressure-sampling valve comprising
a tubular body formed at one end for thread-
ed insertion in a standard spark-plug open-
ing of an internal combustion engine, a valve
seat formed within said body closely adjacent
the threaded end, a non-magnetic diaphragm
closing the other end of the tubular body, &
valve mounted in the bore of said body be-
tween the diaphragm and said valve seat, an

electro-magnet mounted on said body with -

its poles outside but closely adjacent the dia-
phragm, an armature carried by the valve
closely adjacent the diaphragm and within
the field of the magnet poles and sparking
terminals carried by and within said tubular
body on the inlet side of the valve seat.

5

Tn witness whereof, I, Cratpe E. Cox, have
hereunto set my hand at Indianapolis, Indi-
ana, this 6th day of July, A. D. one thousand
nine hundred and twenty-nine.

CLAUDE E. COX.

70

75

80

90

100

110

120

o125

130



