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‘Patented Mar. 29, 1932 SRS RN | , 1,"851",547:"? e

- INTERNAL COMBUSTION ENGINE .. °

" Application filed April 19, 1929. - Serial No. 356,381 '

This invention relates to internal combus- therewith, there is an exhaust-port of prefer-
tion engines of the two-cycle type, although ably double or more than-double the height
some of the features are useful for four-cycle of said intake-port, the exhaust-port open- -
engines, oo 0 ooiloooa B ing first and producing a reduction of pres-

5 The principal object of the invention is to sure in both cylinders before the intake-port 5.
produce at low cost a relatively light; com- . opens. . s S U

pact, powerful and:.durable:and dependable” Fuelis drawnthrough;a carbmetor ofthe S o

high-speed. engine cof simple construction. usual type. The charge of mixed gas and air
- Another: priné¢ipal object isto provide im-  is pumped from the carburetor to the'intake-.
10 proved means for pumping the charges into cylinder in 'ea.,chrpair. .Thelintake%cylinders—ﬂi} :
the cylinders, and an improvement in'thecon- arearranged in the middle zone of the engine - -
struction-and balancing of the -crank-shaft. between the exhaust-cylinders.which occupy .
The crank-shaft illustrated is of the two-" the outer zones: - There is provided:one pump - -
throw type having only two wrists, which are : for each inosculated pair of cylinders, making: .~
15 diametrically opposite..- Fach wrist is oper- -preferably a group:of eight pumps. . Kach 05 .
‘able by eight pistons, the. piston-rods placed pump 1s connected by a pitman to the crank-
side by side and extending in various direc-- shaft. The pumps are grouped in a middle -
tions from the wrists to their respective: zone, 1.e., between the:zones, of the ‘intake-.
~ cylinders... The cylinders: are arranged in. cylinders. e e e R
~#a pows: which “extend  longitudinally of ‘the ~ Each pump compresses a charge upon.its: 70
“¢rank-shaft, four cylinders :in:. each  row. outward stroke so that it becomes practicable
Tach of the four rows.is divided into two to.connect the ‘piston by.a simple pitman: to .
pairs, and the cylinders in each pair are in: ‘the crank-shaft. While one pump-piston'is.
~ osculated and driven: by the same explosion being thrust-out by'the crank-shaft; the en= " -
23 of gas, which is ignited by a single spark- gine-pistons which are to be fed thereby are 75 .
plug. “In other words, there. are preferably. being driven towards the crank-shaft.. The =
eight pairs of cylinders, four pairs working ~outward thrust of the pump compresses the
" on one crank.wrist ‘and four pairs upon the - charge, and when the engine-pistons. reach -
other. All of the rowsof cylinder-heads -the ends of the down strokes, they open the - - .
a0 preferably radiate at angles of 45 degrees ports-in the intake-cylinders; and the afore- 50 .
from one another, thus producing a balanced ‘said compressed charges-enter said ports, and -
action; two pistons rising whilé the other two drive the exhaust gas out.of both engine-cyl-
descend in the same row. The pistons may inders in each pair; the engine being ‘of the
be very small in diameter and have a moderate two-cycle variety. ' When said paired engine--
55 gtroke.  One-of the wrists may be integral pistons are rising; their pump-piston is-de- B5.
with the middle journal section of the shaft, scending and drawing in a new: charge; the
and -piston-rods maybe slipped upon -one intake-ports of the pump being closed during "
wrist, one after another, and suitably con- - the most of the down stroke-of the pump-
nected to the pistons and arranged in: the piston, but being-opened at the bottom-of the

40 cylinders. Then the other: wrist may be stroke and admittinga charge from the car- :

0
slipped through the: remaining pitmen, and buretor. ' e AR TN
the pin may be rigidly secured.” Upon each During this pumping operation, the ports
wrist is a sleeve, and. the hubs of the pitmen in the intake-cylinder. of the engine remain
__ fit upon the'sleeve’s - T covered or closed by the intake-piston of the
43 There ave eicht equally spaced-explosions engine. = e e T
in‘each revolution. ;. © FORRRL ‘The pumps may be of over capacity; that
- Each pair of inosculated cylinders includes is, each: pump may have enlarged ‘clearance
an intake-cylinder having a port opened by therein, so as to make it unnecessary to: de-.
_the piston at the last:portion of its power- “velop excessive pressure at the outward stroke _ -~
50 stroke. In thé other -cylinder inosculated of the pump-piston; and the intake-ports of - 100



the pump may be over-sized, so as to afford

- time for the charge to flow in from the car-

buretor, even though in some cases there may

" not be produced a high degree of exhaust in

- the pump-cylinder, owing to over-size orover-

clearance and owing to large clearance cham-

" ber between pump and engine-cylinder.

Tl

- The -engine-body ~may -comprise -a - main

frame, and upon this frame may be.separate- .
ly attached four different rows of cylinders,

- -each row containing two groups of four en-
‘egine-cylinders - and  two . puip-cylinders. -

“ These six ¢ylinders may be cast in one Piece,

- or-all of-the cylinders in each v

ey

and this piece may be fastened radiallyon the -

main frame which has angularly placed seats

Jor-allifour’ groups of cylinders. - Bach pair

of‘engines may have-a separate.water-jaclet,
QU o1 east-
‘Ing-may have a separate watersjacket. -

"Theeranl-shaftin this engine may be made

with four main bearings, namely, twe middle

- ones and-two.end ones. ‘Betweéen: the middle
- “bearings may be:two Opposite eccentrics; one

“two.end eranks,

. tachedto

- ~eccentric-adjacent:to the other. The. entire
" crank-shaft may bein-one pieceexcept for-the
whieh-may. be separately -at-

e-ends-of the erank-wrists. Tach

- eccenitricis placed. diametrically opposite: to

e

= .

. its:associated crank-wrist. -:On each eceentric -

i are-four:straps, each strap forming:part-of

_a::~'pithaa,n: which-at its:free end:is-piveted to a

pump-piston. ‘The.pumps:ate arranged in ]
‘seetron.. - - »

two -sets; of four.pumps- each, each set.in

echelon. 'The pumps are in pairs, each:pairin -
o linetwith: two . pairs: of engine-cylinders,- the

pumps being:between the.pairs of evlinders:

Eachinosculated pair of-engine-cylinders is’
provided .with- one pump, having a pisten’
~which always moves in:the opposite direction -
1 from:the pistonsin the engine-cylinders, each

- piimp.being driven:by an eccentric. The ec-

centric-arrangement:is: preferred; being more
compaet than crank-wristsiwould be, and also

-~ cheaper, and the: great diameter of the. ecen-

% tric’is not objectionable, because the eceeritric
' Hoes not-do very much:work, merely pumping’

ir¢the charge of fuel.and. compressing it to.a
pressure of from: five:to fifteen pounts.abo Ve
atmosplieric. preparatory to discharging‘into
itsengine-cylinders. -Fhis-arrangement gives

“very ‘good balancing, because each. pnmp-pis-

- ton isitraveling oppositely from:its associatedl

~engine-pistons. \For the shaft toshaveifour

‘béarings:instead:of: three is.an.advantage, the

» middlebearings being.well separated,and:the

length of the engine-crank wrists being.short.
Hach pump-eylinder discharges directly into

the :nearest. engine-cylinderithrough:a short

‘passage-or chamber. af proper. eapacity. The

“engine and pump cylinders are aligned in

three-cylinder-groups,.each group :having a
pair.ofengine-eylinders.anda pump-ceylinder
therefor. - “/Fhere are several advantages

_ -gained:by:-havingithe eccentric diametrically
" .opposite:the.crank-wrist, sinee the.punp-pis-

1,851,547 -

ton thrusts but\vai‘dly to compress the charge,
while the engine-pistons are driven inwardly

by an exploded charge. Each pump-piston - o
completes its outward thrust to compress the

charge, which discharges into the adjacent in- *

take-cylinder as soon as the ports of the latter
are opened by the descending engine-piston.

Four.cecentric-straps mayibe. attached upon .

~each eccentric. . :

When the compressed charge reaches the
engine, it scavenges first“the intake:-cylinder

-and then the exhaust-cylinder, with very little . -

mixing of fresh gas with spent gas, as the

intakerport may be formed so that.it will-¢lose

at the desired point, in advance of the clos- ©

ing-of the.exhaust-port; so that:the:fuel gas

has.oppertunity to éxpand and drive out:mere -
of'the-spent; gas. after. the intake-port:closes

- and before the exhaust-port closes. = .

~+Other . features and «advantages -will: hefe;
inafter.gppear.: e, TR e

- :In’the accompanying diagrammatic draw-

ings, v

~Figure1is a cross-sectional elevation:show-

ing an array of pumps. .

-~ “Figure 2:is.a cross-sectional elevation.of =~

- the engine:block, showing eight engine-pis-
tons connected to one ofi the crank:wrists; and .

four pumps connected.to-an.eccentric. - -
‘Figure:3:is.a‘longitudinal.sectional  eleva-

tion of the-emgine and pumps.” = .
Figure4 is a: plan: of:the engine partlyin

: Figi,lre'aﬁ:i’s.;_w'seetien;..:ih‘d Eigui'eztﬁz»a{plg‘m

showing.a .row ‘of :engine :and pump cylin- %

ders forming a single.radial casting ;:Figure

“5ibeing: taken at; about’ the:line 55 of Fig-

uresd. o R R E TR
¢.:Inthe preferred -form -of the: invention

there-are:employed sixteen cylinders inoscu-’
lated in: pairs, eachipair-ineluding an intake-

ceylinder 20.and an-exhanst-cylinder:21; which

githy

may be placed;side by side, having:a-common -

explosion-chamber -or inoseulation. 22. .In
‘the cylinders are separate pistens 23,:24, con-
nected:by:rods:25:and pivots 19:to: wrists 27,
28.of -aitwo-throw crank-shaft 9. "At:Fig-
ure’3:1s: shown a’ row: of :four cylinders,:con-
sisting :of two pairs. < There .are.shown at
Figures 2.and 4 four.of thesevows, -~ -

- AsatFigure 2;the rows are evenly spaced,
each row being: separated from:the next:by
an -angle of 45 -degrees.. There.care . eight

-evenly spaced:explosions:for each revolution

af the:crank:shaft.

~To:each crank:wrist: 27, 28 are ::.afzttibula.té'd ‘

119

eight .rods, connecting ‘it to eight pistons, .

working:in eighit eylinders, radiating in.the

four directions seen’ at Figure:2. 'Thertwo
aiddle;rows,of ‘eylinders are-each spaced at-

an angle of 92214 degrees from -a’ vertical

plane intergeeting theaxis.ofithe crank-shaft. -

“Theouter raws radiate at-an angle:of 6714
degrees :from the- vertieal plane. ¥t awill:be

mngerstood that-there arve four rows of ien- 1%

125
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gine-pistons, four in'each row, half of the
engine-pistons in each row being connected
to one crank-wrist and half fo the other.
Each row is sub-divided into two pairs, the
engine-pistons in one pair moving as a unit

in the opposite direction from the engine- 7
- be placed a thin-walled: split-bearing collar

pistons in-the other pair in the same row.

* Figure 4 shows that the pairs of cylinders.
. and their respective engine-heads have an

echelon’ arrangement, agreeing with the -al-
ternating ‘arrangement of the pitmen upon

the 'left-hand ‘and the right-hand ~crank-

wrists 27, 28.

- The cylinders in each pair form an engine-
head” 88% as seen at Figure 4, two engine-
heads in each row, the eight engine-heads
being in echelon arrangement. The heads
ifi each radial row may all be cast integral.

“The left-hand crank-wrist' 27, Figure 3,
accommodates the hubs of eight pitmen 25,
of which group of pitmien the first and fifth,

“counting from the right, belong to the engine--
. way shaft-bearings 29, and conduce to com-

head ‘shown, the second ‘and sixth belong to

another engine-head, the third and seventh

belotig to another engine-head,and the fourth
and eighth belong to the remaining engine-
head. By this arrangement undue separation
of the pistons in the engine-head. is avoided;

. and the capacity of each explosion-chamber

30

99 is kept at a minimum. The invention is,
however, not limited to this order of the pit-
men upon the crank-shaft, nor to the precise
echelon arrangement shown for the engine-

. heads. g ‘

P
v

There is a corresponding arrangement of -

the pitmen of the right-hand crank-wrist 28,

. Three pitmen of other engine-cylinders may

‘40

80

Ly
e

. cylinders.

intervene between the pitmen of each pair of
The piston-rods in each pair may
thus be separated to afford thisspace for the
other pitmen. This conduces to ‘shortness

and rigidity of the shaft, simplicity, balance"

and smooth running. . LR

" Every down stroke of each piston is a
power-stroke, thus placing this simple en-
gine on apar with the sixteen-cylinder, eight-

throw, four-cycle engine, with its thirty-two.

valves, of the prior art. 'In other  words,
there are twice as many impulses for ‘each

revolution as can be obtained in the common:

gine. :

'In ¢éach revolution, each pair of engine-pis-
tons is arrested twice, this arrest occurring at
the opposite end of the stroke from the other
pair in the same row, Figure 3; there being
two arrests in each row at _eaChrevohitiQn,
making in each revolution eight arrests alto-
géther in the entire system of engine-pistons.
These eight arrests. occur: at intervals of
forty-five degrees for smooth running, and
the “engine is moreover evenly driven by

‘each revolution. * -

The crank-shaft may be cut from a cylin-

eight-cylinder, eight-throw, four-cycle en-

means of the eight evenly spaced i‘mpulfsesjati

drical bar:to form the crank-wrists and. the

journals, leaving uncut portions 46-of orig-

inal’ diameter -to-serve as cranks and fly-.
wheels, and also leaving similar portions 47

at each side of the midway journals 29 for a
similar purpose. Upon each crank-pin may

or sleeve 48 to-reduce friction
piston-rods and the wrists. " Sl
““Pach row of engine-cylinders is provided
Wwith a pair of puips, which punmp charges of

bétween the

mixed ‘gas: and - air: from a:carburetor (not B

shown) through a manifold 50. The pumps .

in each row form a head 51 between the en-

gine-heéads. ~One “punip-piston 52 in-each

pairserves the left-hand engine-cylinders 20,

80

91 at Figure 3, and the other pump-piston 53 -~

- serves the right-hand engine-cylinders 20, 21.
These pump-pistons are driven by imeans of
‘eccentric-straps 54 -from -eccentrics 56, 58

which may be formed upon the crank-shaft.

85

The eccentrics are placed -bétween the mid- .

pactness in-that they. permit relative short-

‘ness of the ¢crank-shaft.. The pump-eccentric

56 is diametrically opposite the engine crank-

90

wrist 27, and hence the forcing or'up stroke:

of the pump-piston 52 occurs during the-ex-
plosion‘or down strokes of the pistons 23, 24."

During said up strokes of 52 the drawn:in
charge of mixed gas and air isput under pres-
sure, and " finally. this .compressed charge
spurts through inlet-ports 55 in the bottom
of ‘the engine-cylinder 20, just as said inlet-

ports are uncovered at the ‘conclusion of the -

down stroke of the' intake-engine-piston -23.

Upon- the succeeding -down: - stroke of the

“pump-piston 52, said ports 55 remain «closed, -
so that such down ‘stroke of ‘piston 52‘creates =
a partial vacuum ‘in-the pump-cylinder 61.

Near the bottom of the pump-stroke, ports 59 .

are opened, and a

charge enters -from the
manifold 50, = " SR e

- "During the ju'st-menﬁoned.down stroke of

purnp-piston 52, the companion pump-piston 222

53 in cylinder 62 rises, and forces the previ-

ously-inspired charge to-spurt through ports '
55 into the intake-cylinder 20 in the main =

engine-head, and ‘to -expel ‘ spent " gases

throtigh inosculation 22 and through exhaust-
cylinder 21'and exhaust-port 57, ag'indicated
by arrows at Figure 8. - ' 07 o

" The - pump-cylinders: 61,- 62- are  set or
formed within a relatively large head or

{1

.y

chamber 51, and are sealed therefrom ex- 777
cept for the inlet-ports 59, which are arranged -

at the bottom or fléor 63 of the chamber. or

compartment; each pump-cylinder ‘being

therefore totally sealed: from said compart-
ment during nearly the entire up-and-down =25

h &

strokes of the piston.

“Both the pump-cylinders and the compart-. -

‘ment may be closed by means of a detachable
“cap 64, having interior cylindrical walls 65
fitted to the tops or edges of the cylinders -




. forms.a communication between the opposite.

" 10

61462, -Said-cylinders 65 are headed over:at
66:by means of ‘a:top-which is integral . with
the cap.64-and- co-extensive with said ¢cylin-
ders:65. T et DI SN
- The :shape- of ‘the-cap is obleng to.corre-

“spond:with-the shape of the pump-head: 51,

and-a transverse.space 67.over the .pumps

side compartments - of :this chamber. The

manifold :50;opens into the top 68 of :said.

cap64.. The entering .mixed gas and:air

" passes: down' into: the transverse. passage 67,
- as-shown' by the:full-line arrows. at Figure

3and then dowrs into the-side.compartments

5 63 exteriorly of the pump-cylinders; as-shown

by dotted:-arrows, and then enters the in-

“drawing: pump: through' the intake-ports-59,

- as:shown-by full arrows. - - - i
. Onthie next up-stroke, the charge.is grad-

20

ually "compressed. -As:soon.as the ‘engine-

. ports -55-are open, the compressed mixture ex- .
pands.and drives through an outlet.69 in-the -

-~ toprof the, pump, and down through a cham-

ot

R 1

. pressure ofi the previeusly. pumped-in charge’

40

ber.70 and out from a port 71 in the bottom -

thereof, and into-a; shallow.compartment 72, .
which- surrounds -the intake-engine-cylinder
20-and communicates.therewith by means. of

intake:ports 55. . The upper -end of each

‘pump is -enlarged or recessed eircumferen-

tially -at 73 to permit.the escape of the com-
pressed charge through said outlet 69, which
is:formed in the bottom of this-recessed or en-
larged; portion of the pump-cylinder, A

- The cubic capacity of'the clearance at-the
top ‘of :the pump-cylinder -and-the chamber
or.passage T0-s preferably less than the cubic
displacement -of:the: pump-piston so-that.the

may-he raised for.example to 10.pounds per
square:inch -at-every up-stroke of the;pump-

" ‘piston, so-as to provide the charge with suffi-

- 45

50

cient-energy for driving out:the spent charge
from ‘the adjoining inosculated - cylinders.

“Baid cubic eapacity should be so proportioned

as-to;give-sufficient: draft so that the charge
from. the .carburetor will ‘enter .the ;pump
properly,when the piston is in position:shown
;at’;52,fFigures'3. S T e :

. The necessary- cubic: ﬂiéplicelnentr of: e@éh
pump-piston 52,53, (whieh preferably hasthe
sameilength of stroke-as the engine-pistons)

may be provided for by making the diameter.
of the pump:piston considerably.larger than -
--thatofthe engine-piston;asillustrated. . The
‘pump:piston displacement:may be equal or

- mearly-equal to the displacement of two-en-

60

-gine-pistons: combined,-so*that ene stroke of
+the:pump-piston may be substantially suffi-

cient:to.charge both inoseulated engine-cylin-

ders. . As will be observed. at the-right-hand:

portion: of 23, the exhaust charge may be

4l ornearly all, driverr out through: the port .
57, -with.a minimum-of mixing exhaust.gas
awith fresh-gas; this clearness being secured
:by “having -reasonably high initial pressure

the-wrist 28, etc. "Smooth running.
fore ‘be readily .secured. = -~

1,851,547

ofrthe .charge which, §pqr‘ts}thr0ugh\ the port

55.and becomes reduced nearly to-atmospheric

pressure; if the engine is running very slowly, -

by the time that. the exhaust-port 57.is closed

by the rising piston 24. It will.be understood ‘7
that the compressed gas may have sufficiently

high initial pressure to.insure.elimination.of
the: exhaust, gas without waste.of : fresh .gas:

‘If it is desived:to run the engine slowly-when -

the load is-small, then the usual butterfly
throttle (not . shown) -which ..supplies "the
maanifold 50, may be sufficiently:closed:so that

70

%

the low-pressure charge drawn.in.by .the =

pump-piston. does.not -have time to.rise-to
atmospheric pressure; but may still remain at
say .10.or.12, pounds.absolute pressure when-
the inletsi59 have been.¢losed by the rising
piston 52. -Under such, partly throttled con.
dition; the piston. 52 must rise considerably
more. in:order. to:bring the pressure.of .the

‘charge up equdl to atmospheric, Thereafter,"

80

85

during the relatively small remainder 6f its
stroke, the:piston cannot.raise the ‘pressure -

very high, say:only three or four pounds

‘aboveatmospheric.  Hence arelatively small- 90

charge of gas will enter’ the engine-cylinder

through'the ports 55, and.a comparatively.
small quantity. of burned gas will'be:expelled -
from the inosculated cylinders, thus reducing
the charge. of fresh.gas when it is desired
for.the engine to run light, or-when the load
is:hight, .~ & LT
‘Tt will be-seen .that by opening and ¢les-
ing said manifold throttle in the usual way,
flexibility .of the engine operation may be

o5

100

secured. “On the other hand, when the'throt- -
tle.is wide open, the engine may be run at

high speed, ‘since ‘the  pump-pistens 52, 53

will force charges into the inosculated cylin-
ders at sufficient pressure. © . T

. The eccentrics 56 are made of large diam-
eter, .so as to avoid necessity of providing
additional bulky crank-arms for driving;:the
pumps. . The great diameter. of ithe éceen-
trics is.not ohjectionable, because the work
done.by.the: pumps is relatively light. “The
heavy-eceentric. 56, plus the heavy eccentrie-
straps-54,.tend ‘to counter-balance the'heavy

105 -

-110

crank-wrist. 27 and its pitman hiibs connected -

thereto., . Moreover, the reciprocating . parts

115"

52, 54 of the:pump tend to countér-balanee .

the reciprocating parts 23, 24, 25 of*the en-

gine. :The:same 1s true inirespect to the
crank 58, ete. which-tends to counter-balance
may there-

pump-head, seen at Figure 3, may be cast all

in.one piece, as shown at Figures 5.and 6 ; biit -
the pump-caps 64 may be detachable, and the

same.may. be true of the engine-cap -74,75; -
the litter having the.inosciilated engine:por- -

tions22, and being.also provided .with spark

plugs 76 opening into the inosculations;:the
engine-caps -being water-jacketed as shown.

- The.two engine-heads and the intervening - -

125

180



10

1,851,847 S

56, 58 of the crank-

The members 27, 28, 47,

shaft may be made in one piece, which may

be cut down from a single heavy shaft. The
pitmen 25 may be slipped onto the wrists 27,

98, or rather upon the bushings 48, and then

the ends of the crank-wrists.:may be set into
sockets 77 formed in the end weights. 46,

‘which- are integral with the -end-shafts 29, .
: : integral . disk-por--
‘tions 78; and set-screws 79 may be employed

being  joined: thereto by

~ for holding the wrists 27, 28 rigidly connect-

15

20

* may include supports 86, extending
ly and outwardly from the shaft-bearings,

.25

a0

.35

.45

‘their. belongings;

ed to the members 46. Said members 46, as
well ‘as the members 47, may be shaped to
help counterbalance the wrist-pins 27, 28 and
“and“extra. counterbalanc-

ing rim-segments 80 may be secured upon the

members 46. . G
" The crank-shaft may be mounted in-bear-

ings 81, 82, 83, 84, forming part of a frame-
work, and the shaft may be held in place by
detachable . members - 85.. The framework
upward-:

and carrying at their outer ends four sub-
stantially similar sloping beds 87, one ‘for

each of the engine-heads seen at Figures 5and
6, the latter: being fastened down upon the:
‘beds by bolts 88. These four engine-heads
‘may be similar one "

‘to another for economi-
cal manufacture, but are placed in the echelon
arrangement, seen at Figure 4, to agree with

the described arrangement of the pitmen 25

and the eccentric-straps 54.. The eccentric-

as by joining their ends, as
D

Tt will be noted that the chamber 70 6x-

tends from the upper or delivery end of the

pump down to the intake-ports of the engine-
cylinder, .. ;= ‘ EEIR

" Back-firing ' dangers are minimized or

avoided, since when any engine-cylinder has -
its outlet-port is also.open,.

its inlet-ports open,
and moreover" the associated pump-piston
closes the port 69, thus shutting off communi-
cation and. preventing ignition of gas mix-
ture in the manifold and carburetor. '

' Cooling, water may be supplied to the en-
.. gine-heads through branch pipes 90 each de-
50, ‘ ‘

livering to. adjacent engine-heads; and the
heated water may be led off throngh delivery

- pipe 91,

"B D are respectively in line with the -
pump-heads K FGH

At Figufe 4; {:he,éﬁgine"—héddél mai‘l{ed A

‘and also. with the

opposite engine-heads 1 J K L. B
The pumps, which are arranged in.echelon,

""have their pitmen or eccentric-straps side by

€0

side upon the eccentrics,
vided with - split--anti-friction tubes,

.either more-of

the latter being pro-
‘bush-
ings or washers-92. ... & - e

So long as the rows: of engine-heads are
evenly spaced, the engine may be made with
less than the four rows shown;
2§ for example with three rows spaced at 60

“being divided: into

straps may be secured upon the eccentric-in.
any suitable way,
4indicat,ed at 89, Figure

degrees, or two. rows at: 90 degrees, or five

rows at 36 degrees, or 8 rows at 2215 degrees.
.. Variations may
scope -of the invention, and portions.

improvements may be used without others.

.. Haying thus- described my. invention,: I

claim

1. An internal combustion engine having a

crank-shaft provided with only two wrists,
said wrists being: diametrically opposite; six-

be resorted to within the B
of :the-

70

75

teen’ cylinders,: said, eylinders-arranged m'.~ -

separated rows which. extend longitudinally

of the crank-shaft, there being four cylin-

ders in.each row, sixteen pistons in said

cylinders connected to said wrists, half of the

.

8o

pistons in each row for-one .crank-wrist and -

half for the other, the cylinders in each row -
two pairs, the cylinders -

in each pair being side by side and inosculated

and having a spark-plug, pitmen connecting 8

four pairs of said pistons.to.one crank-wrist,

pitmen: connecting the other- four. pairs. of
pistons to the other crank-wrist, all of the
rows of. cylinders radiating -at: anigles of 45
to secure eight £

degrees . from . one -another:

85 -

evenly-spaced .explosions. at. each revolution .

of the crank-shaft, each. pair - of .cylinders
forming an engine-head and there beingtwo

engine-heads in, each -row, the engine-heads -

(=]

in the different: rows being in. echelon:or the o
like arrangement, and the pitmen having'cor-

responiding arrangements upon; the “crank- - .
wrists, there being space between. the pitmen. -

in each pair for three other pitmen,

- engine-head, eccentrics on said shaft for driv-

1. ) ‘ and each
of said other pitmen belonging to a:different .

100

ing.the pumps, all of the engine and pump-- k
heads being in e_qhejlon,’.estch’_pu'mp-hea‘d hav-

ing two oppositely-acting pumps, and com- - |
pression chambers between the pumps and the -

pairs of engine-cylinders. . .

vided with diametrically-opposite wrists, in-

osculated: engine-cylinders having: pistons
connected to said wrists, said crank-shaft hav-

105 -

2. An -engine -having .a crazlll'{‘:s;haft‘,fp?d» v

110
-ing eccentrics thereon: adjoining said wrists, .

and engine-charging  pumps driven:by said: .- .
eccentrics, each. eccentric being diametrically =
Jopposite to. its. companion engine-wrist, said

éccentrics being ‘of  greater: diameter . than 115 e

the engine-wrists, each ‘eccentric: having a -

plurality of radial pump-pitmen mounted .
thereon. . LR e o

3.  An-engine-having & ‘crank-shaft: pro-

vided with diametrically-opposite wrists, in- -

osculated. - engine-cylinders - having - pistons .

connected . to said wrists, each’ crank-shaft-

having: -eccentrics. thereon -adjoining - said
wrists, and- engine-charging pumps “driven
by said eccéentrics, each. eccentric being dia-
metricaily opposite to its companion engine-

12_‘5

yiist, said eccentrics being of greater diam-

eter than -the ‘engineé-wrists, each- eccentric

“having aplurality-of radial pump-pitmen

130

shotmted thereon, the’ crank-shaft having



’ :mih%lbeefrihgs: at’ its ends: and also a”main
~ bearireg between-the engme-wrists said*wrists

‘andeccentrics-being formed in ome piece and

“eut down from a single heavy shaft:

. & A:set'of radial'rows of ‘engine-cylinders
and‘ pump-cylindérs for- pumping - charges

 thereto, each row including a set:of engine-

Bh

‘cylinders upen ‘each side of a set! of “pump-

’ <cylinders-having: pistons;” and’a- crank-shatt

for all” of ‘ the cylindérs and “including ‘ two

. »:'diaﬁx‘etriczilly—opp’dsite W.I‘iStS; eaech connected

to-half offthe engine-pistons; and*also:in-

cluding diametrically-oppositeintegral eccen-

tries, each connected to half of the pump-pis-

tons; each eccentric being- diametrically :op-

'posit'-’,eitoit‘s}ad&cent?erfgin@Wristiand'irh Yeeti-

o ately: adjéining the same, sate’ engihe-cylin-

~“ders:including ‘inosculated ‘pairs; an engine-

_cylindérin-each pair having-an inthke port

-and’a chiamber being -arranged’ intermediate
said intake port and the;pump associated with

that pair-for receiving -a -compressed -charge
the-power strokes of -

from-the pump during ) :
‘the-engine-pistons:associated with said pamp.

o5+ 52 Arset<of Tadial Tows of ‘engine-cytinders

&
EN}

: At

and’! pump-eylinderse for-

pumping charges
cylifidérs upon each-side of ‘a’ set: of puwIp-
‘cylinders-having pistons; and a: crank-shaft

‘for ‘alltof ‘the-cylinders and ‘including-two
~diametrically-opposite-wrists; ench-conmected

tohalf of ‘the-engine-pistons; and alsoinclid-

rees diametrically-opposife- integral - eccen- -
“trics; eachi-conmected” to halfCof: the * pump-

pistonsyeach eécehtriéfbei'hg‘di‘émetricaflljﬁ op-

posité-to-its-adjacent’ engine-wrist’ and”im-

mediately adjoining the same; said engine-

o

-cylindérs - including inoseulated: pairs; an-

engine-cylindeér ineach pairhiaving anintake

port and a:chamber-being arranged intérmedi-

- ate said intake portiand the pump asseciated

with that-pair for receiving- a: compressed

-¢harge  from~ the- pump  during - the- power

strokes of‘the engine-pistons-associated -with

“a5said ‘pumpy each’ rowincluding engitre-Heads
--and’alse’ including: a-punrp=heat betiveen the'

engine-heads; each pump-head including two
- pumps; one-for-each-adjacent’ engine-head’

T and “pump-eylinders: for:
thereto, each row including a-set offenigine-

- for-all of ‘the:

‘each i’ht’érm’ediat’é'compnessi()n* chamberbeing
-adjacent to-its intake-enginesport. = .
~ 6t Alset'ofiradial rows of engine:cytinders
pamping. -charges

- eylinders:upon: each::side: of“a:set*of ‘pump-

85

cylindérs having:pistons; and a: crank-shaft

diametrical ly-opposite wrists; .each ‘conmiected

 torhalfof the engine-pistons, andalso:includ-

[

“mediately:

ing: diametricallyzopposite:. integral . pump-

- wrists; eachiconnected to half:of the: pump-

pistons,:éach: pump-=wrist:being di ametrically

opposite toritsradjacent-engine-wrist-and int.
adjoinihg-thersame; said .en gine-

cvlinders. im}luding':iﬁoscu&dted';pairs;.an:“.en‘-

s ';gine'-,cylindér:in':‘each: ‘pair-having aninfake

pistonsisaid ‘pumps bein,

cytinders-and ‘ifrcluding: t¥wo.

1,801,547

‘port- and a chamber being drranged’ inter-

medfate-said intake port and the . pamp as-

each pump-piston being about equal to’the
combined. o »

7. Arsetrof radial rows of ‘engi
and- pump-cylihders- for pumpiiig’

charges

‘thteretv, each-row including ‘a- set of ‘engine-

‘cylinders-upon: each sidé” of* aset: of “pump-

-cylinders having pistons, and a; crank-shaft

sociated 'with' that*pair-for'receiving a- com- -
- pressed charge: from: the pump ‘- during-the -
power strokes:of'the engine-pistons associated *
“withsaid'pump, the cubi¢ capacity of said’in-
‘termediate compression. chaniber being sub-
~stantially less thanthe:cubie displacement of .
- thie punep-cylinder; the cubic displacementof - -
75
cubie d’ié(;{pl»aeemeht of the two engine-pistons

70

-cylinders

80

for-all of thecylindérs and ‘including two

diamettically-opposite wrists; each: connectéd -
to halfof the engine-pistons; and also includ-.
ing’ diametiically-opposite- integral - ecceni-

85

trics; eaeli conmested to-Half"of' the . pump- -

pistons, “each  eccentric- being - diametrically

opposite to its adjacent engine-wrist'and im- .
~mediately” adjoining the same; said ‘engine-
; ‘cylinders including inosclited pairs; an en-
_ thereto, each row inclading a- setvof engine-

gie-cylinder in éach pair-having 'an intake

‘port-and: a: chamber- being “arfanged inter-

mediate said ‘intalde port-and ‘the pump asso-

ciated’ with that’ pair. for- receiving ‘a com-
pressed: charge  from - the ‘pump during: the

“powerstrokes of theengine-pistons assoctated

with said pump; each pair of inosculated ‘en-

_gineccylinders being cast in one; piece. with -
theirpump-cylinder, said rows being four in

‘number and set at'anglés. from one.another,
the. four-engi :
another-and-having an echelon: arrangement
ag-set"forth: - T o non SR

8. The icgmbinatio‘h» ofé_‘.powle_r-‘s"}fétft”hdv-\

“Too -

nezheads being ‘similar to one

106

ing-opposed eccentrics thereon and’ also hav-

Ing: engine-wrists, a series of pumps ar-

‘ranged in echelon and ‘having pistons, eccen-

‘tric: straps placed side by, side-uponi:each of

said-eccentries and ‘connected -fo said’ pump-

ly-spaced angularintervals around the p

pumps- inechelon”arrangement’ and having

wrist-of ‘sard shaft'to‘drive the same, - -

* 9. An internal combustion engine having a
crankishaft provided with only two engine- -

wrists, said wristsbeing ‘diametrically-oppo-

‘siteyamultiplicify of cylindeérs, said cylinders
arranged ‘ in- separated “rows which extend

].(’);ngitudifn‘alljr-iof“the-cranki's_haft;s_th"ere‘ being

four cylinders: ineach row,

nected:‘to'-one . crank-wrist:and: half to the.
-other;the enginescylinders in each: row being
-davided:into two pairs; the-cylinders fin-each
‘Pair being side-by sidé and ‘inosculated, pit-

side’ -with” the

wy pistons’ in'-said
cylinders, half of the pisténsineach row-con-

110
separated at équal-
“e-power--
‘shiaft;” and* engine-cylindérs to which' said:
pumps deliver-respectively; said engineteyl- - -
“1ndérs being- placed side’ by 115,

‘pistons connected side by side to each'engine- =

o
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- men connecting half of 'said pistons to one

engine-wrist, pitmen connecting the ‘other:

10

half of said pistons to the other engine-wrist,
all of the:rows of cylinders radiating at-equal

~angles from-one another to secure numerous

evenly-spaced explosions at each revolution

-of the' crank-shaft, each pair of cylinders
forming an engine-head and there being two :

engine-heads in each row, the engine-headsin
the different rows being in echelon or the like

‘arrangement, and the pitmen having corre-

sponding alternating arrangements upon the

« crank-wrists,” purip-cylinders cast integra

15

25

with engine-heads in the several rows, and-

pump-wrists on:said shaft for driving the
pumps, each Wrist being connected to drivea
pump.1n each of said rows.

10. A’ high-speed reciprocatory balanced :

automobile-engine - having a crank-shaft
formed with diametrically-opposed wrists,
pairs of inosculated engine-cylinders having
pistons directly. connected in pairs to each
crank-wrist, said cylinders disposed side by

side in a plurality of rowslengthwise of the -
_crank-shaft, the cylinders in one row at-an

angle to the cylinders in another row, a pair
of pistons in each row being connected to one

" crank-wrist and the other pairinthesamerow

T~
<t

59

o
ot

being connected to the other crank-wrist, the

cylinders, pistons and crank-shaft being or-.
ganized to secure evenly-spaced power strokes.

in sufficient number at each revolution of the

shaft to produce a continuous torque there-:

on, and a reciprocating pump grouped with

each pair of engine-cylinders for charging

them with mixed air and fuel, said pumps
having reciprocating pistons and said crank-

shaft having additional wrists for the pump-

pistons, each pump-wrist being diametrical-

1y opposed to its companion crank-wrist,:

each pump arranged in the same row with its
engine-cylinders, and each pump-wrist driv-

ing a plurality of pumps, one in each of said .

cylinder-rows..

11. A high-speed reciprocatory balanced:

automobile-engine having ‘a crank-shaft
formed with diametrically-opposed wrists,
pairs of inosculated engine-cylinders having
pistons directly connected in pairs to each

crank-wrist, said cylinders disposed side by -
side in a plurality of rows lengthwise of the.
crank-shaft, the cylinders in one row at an.
_ angle to the cylinders in another row, a pair.

of pistons in each row being ‘¢connected to
one crank-wrist and the other pair in the same
row being connected to the other crank-wrist,

the cylinders, pistons and crank-shaft being -

organized to secure evenly-spaced power
strokes in sufficient number at each revolu-

tion of the shaft to produce a continuous.

torque thereon, a pump. grouped ith each
pair of engine-cylinders for charging them

with mixed air and fuel, said pumps having
_reciprocatory pistons and said crank-shaft.
5 having additional wrists for the pump-pis-

.rows of .cylinders.

_each crank-wrist, said -cylinders
‘radially. side: by.side in a plurality ‘of rows
lengthiwise of the crank-shaft, a pair of pis-.

pump arranged in the same row with its pair

wrist adjoining each engine-wrist.. =

2517

"tons, each pump-wrist beiﬁg : diametri‘calrly’b
“opposed. to 1ts companion crank-wrist, each

“of engine-cylinders, and each pump-wrist
driving a plurality of pumps, one in each of
‘said cylinder-rows, the engine-pistons con- -
‘nected to pitmen which are placed side:by -
side upon each engine-wrist, the pitmen.of
oné pair.of pistons alternating with those of
_another pair upon the same wrist, and pump- .
pitmen mounted side by side upon the pump--

-Gt

19. . Engine-according to-claim 11,: all ‘,(“)f -

the engine-cylinders being staggered, and

the pumps being correspondingly staggered,

each pair of cylinders forming a single cast-.
_ing with' ‘their “companion pump-cylinder,
and-a base having angularly-disposed faces

upon which said castings are.secured to form

".18. A high-speed re‘c‘iproca_toryb,‘bal’aﬁééd

-automobile-engine - having:- a crank-shaft

formed  with diametrically-opposed ~wrists,

pairs of radiating. inosculated: ‘enging-cylin-

ders . having pistons ‘directly ' connécted in

airs to éach crank-wrist; said cylinders dis-.
. b B * 3 t

90

posed. side by side in a plurality of rows -

1engthWise of the crank-shaft; one row at-an
angle to another, a pair of pistonsin each.row

being connected by a pair of pitmen directly
to one crank-wrist and another pair of pitmen

in the same row being directly connected to
the - other crank-wrist, .the cylinders - being
cffset in the different rows, a pump grouped
with each pair of engine-cylinders for charg-

ing them with measured charges of mixed air -
“and fuel, said pumps having reciprocatory

pistons and’ said crank-shaft-having. addi-
tional wrists for the: pump-pistons; each

pump-wrist being diametrically opposed to

its companion engine-wrist; each pump being

arranged in the same row with its pair of en- -

gine-cylinders, and each pump-wrist driving

160
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& plurality of pumps, one-in each of said -

cylinder-rows, the pumps being offset; and

‘pump-pitmen side by side-radiating from

each pump-wrist. -
- 14.- A reciprocatory

inosculated engine-cylinders: having pistons
with pitmen directly mounted. in pairs upon
disposed

tons in each row being connected to one en-
oine-wrist: and “the-other; pair in the same

row -being connected. to- the. other engine-

wrist, and a set of reciprocatory charging
pumps one for each pair of engine-cylinders,
said pumps having reciprocatory pistons and
said crank-shaft having eccentrics forming
wrists for pump-piston. pitmen, each.eccen-

tric being diametrically opposed to the com--
panion engine-wrist, each pump arranged in

, balanced automobile-
‘engine -including a crank-shaft having dia-
metrically-opposed *engine-wrists, - pairs of

10 -

116



““the seme row with its engine-cylinders, and
‘culated cylinders:being -in :line  with' two

each eccentric driving a plurality pumps, one
“in eacly of said engine cylinder rows, -

- 15 A reciprocatory balanced: automobile-
Jengigie ‘incliding a crank-shaft having dia-

- -metrically-opposed engine-wrists, pairs of in-
Fat

~oseunlated ~engine-cylinders. having pistons
Cwith pitinen directly mounted in pairs upon
- edch crank-wrist, said cylinders disposed ra-

-5 dally side by side 'in ‘a’ plurality” of ‘rows

lengthwise of the crank-shatft, a pair of pis-

' tons in each row beéing conuected to one en-
- gine-wrist and the other pairin:the same row
béing connected to the other engine-wrist,

o

Lo h

i and a set of reciprgca‘tory"vch‘a_’rging‘-pum'ps

~onie for each pait of engine-cylinders, said
- pumipsthaving reciprocatory pistons and said

“crank-shaft having eveentrics forming wrists -
for pump-piston pitmen; each eccentric be- .
ing diametrically opposed to the companion

_engine:wrist, ‘each” pump arranged in the
same row with its.engine-cyliniders; and each

“eceenitrie driving a plurality 6f pumps, one - * -

in“each of said engine-eylinder rows, the.en-

EE
w

~
=

e

e

330
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- gine-pitmen thounted -side by side upon the -
engine-wrists, the pump-pitmen side by side .~

~upon the eccentrics, and the engine-cylinders - -

--and pump-cylinders being: arranged in eche- -

“Jon.: ,

- '316;~;&:h§gh-épeed atltoilibbiie-engine; of the.

1,881,847

opening of said: inlet port; two pairs of inos-

pumps, and two ether pairs of ineseulated
cylinders and two other pumps being'all in
line, and at an angle to the first set ; the pumps’
being between the pairs of ' cylinders-the

-crank-shaft -having - two - diametrically-op-:

posed wrists each connected to four engire-

A

pistons-and two other diametrically-opposed . -

wrists -each connected to -two pumps;. each

wrist on said shaft being diametrically- op-

- posed: to-the next;-all of the engine-cylinders -
having an -echelon arrangement; .and the &
‘pumps -having corresponiipg “ethelon ar- . -
BURNHAM C. STICKNEY. -

rarigemernt.

Mflexible - class Having a crank-shaft, radial -

~rows of pairs of inosculated cylinders pro- .~ -
- vided with pistons, said crank-shaft having =~ -
‘diamiétrically-opposed engine-wrists, the pis- =~

< tolis in each pair being connected to the same

“wrists; and the pairs of pistons being muti-
.#lly bilanced, the cylinders, pistons and
crank-shaft being organized for producing

evenly-spaced power strokes in sufficient num-
ber at each revolution of the shaft to produce.

“a continuous torque thereon, and each engine-

‘wrtst serving for bearing for a ‘plurality of- o

‘pitmen, diametrically-opposite pump-wrists

~being alsoprovided on said shaft, and pis-
40 tons driveri by-said puinp-wrists for charging .
the engine-cylinders, a plurality of pump- -

pistons being connected to each pump-wrist. .-

‘¥7: The combination of a crank-shaft,

‘shaft, one of the inosculated cylindersin each

‘séts of inosculated engine-cylinders, pistons =~
“working -in said cylinders and driving said -

~set having an inlet port, and another thereof -

“in éach set having an exhaust port, pumps

for mixed air and fuel, one pump for each
pair:of engine-cylinders, each pump having

5

108"
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‘a'¢ylinder and a piston reciprocating there- - -

in and connected to said shaft to be driven
thereby, and a source of supply for the
pumps, the capacity of each pump being no
greater than the combined capacity of its
associated engine-cylinders, the delivery of

‘of the engine-¢ylinder by means of a cham-
“bered passage in which the charge is stored

¢5 i compressed condition preparatory to the

125

~ each pump being connected to the inlet port. -



