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tion engines and-more partmularly to en-
: gines of the fuel injection type in which ig-
L nition oceurs through heat of compression.

.6 TInengines of the solid fuel injection type,.

“-air is compressed in the cylinders and atom-

1zed liquid fuel charges are injected into the
~are developed behlnd the fuel charges to-pro- .

‘air during the compression strokes of the en-

ging pistons to form a mixture -which 1gn1tes.,
10 due. to heat- developed by the compression.::
Ordmanly the fuel.is moved ‘into-the com-
piressed air in the cylinders from injection de-
“vices which include pressure means operated .

- by the engine. - Such devices develop pres:-

: 15 sure in accordance with the engitie speed and .
" . consequently, when starting the- engine, the
pressure developed behind the fuel is too low

to'secure the proper atomization and sufficient
penetration thereof into the: compressed air

readily ignite under the heat of compression
developed in the cylinders, and therefore, un-
der such circumstances startlno of the en01ne
- s difficalt.

through- a rotating engine element: having-a

selective two- speed actuatmv mechamsm 80
.80 that a higher fuel pressure will be:-devel--
- oped when the engine is starting than would -

take place if the. ‘mechanism employed dm— .
-~ case of a four cycle type internal combus--

ing regular operation were effective.

“Another object- of my 1nvent10n isto pro-‘

88 vide an internal- combustmn engine of the
Diesel type inwhich an-air starter and-selec-

tive speed fuel device actuating mechanism

© are simultaneously controlled by the opera—
tlon of‘a single device. -

- A-further ob]ect of my. 1nvent10n is: to pro--

V1de an internal combustion engine withtwo

‘mechanisms driven “at: relatlvelv different.
speeds for actuating a" fuel injection device .-
in ‘which -a pair of cam shafts’are movable: i

45 axially to allow one. or the other mechamsm,
. with each ‘of the inlet and outlet. passages: .

“The air inlet passage is preferably venturi -~

to be placed in effective relation.-
Still-another object of my 1nvent1on is to

- provide a fuel pump actuating mechanism i

- for an injection device of an.internal combus-

50» tion engine which will develop'a much great-

20 in the cylinders to form a mixture which will ..gine, ShOWlH‘T the cam shaft: drlvmg mecha-

“nism and the fuel injection actuating means; -

It is-an ob]ect of my 1nvent10n to prov1de’
~ a-Diesel type of engirie in which pressure de- -
veloped behind the. oil ‘injections is:caused:.

“1s mounted a cylinder block 11 forming: a
* plurality of ‘aligned cylinders:

This 1nvent10n relates to 1nternal combus-.,el pressure behlnd the fuel charcres When LY
“starting the engine than. Weuld be developed
by the’ meehamsm which is- eﬂ"ectlve during
, reoular Tanning operatmn of the. engine. .- .o

Another ob]eet of‘the invention is to pro- &6 = -

;v1de a’ fuel: 1n]eot1on mechanism for inter--

nal combustion engines in -which pressures : -

vide for- the proper commingling with ‘the -
air charges-at any. speed at whlch the crank “"
shaft may be turning. . - ,

These .and- other ob]ects of the 1nvent10n .

’W1ll appear from-: the following descr1pt1on :
“taken in‘connection with the drawmg, which.
forms a part of th1s spec1ﬁcat10n, and m

which :

-Fig. lisa s1de elevatmn of a‘marine engme '
"ha,vmg my inyention associated ‘therewith;

Fig. 2 is a.sectional view - throu«rh the en-

" Fig.3is a fragmentary horizontal sectional = :

view taken on line 3--3 of Fig. 2 showmg S

the cam shaft shifting” mechamsm in normal .
running pos1t1on, S 9
Fig. Lisa fraomentaly sectlon of one of sl

the fuel injection” deV1ces assoelated W1th a- '
portlon of the cylinder. - L SRR
Fig..5 is a sectional view of the alr rel1ef
valve mechanism. - e
‘Referring now to- the drawmo' by char-
acters of Ieferenceg 10 1nd1cates the .crank:

£o-

tion engine of:the Diesel type upon which
35
A plston, as -
mdicated  at 12 is-arrangéd to reciprocate

within each of the evhnders and is connected
“to a conventional formof crank:shaft by
'Iods, as indicated at 13. ‘A head block 15

20
18 secured upon the top of the. cylinder block v
and- is provided: with separate exhaust and .~
inlet passages for each cylinder, one of which

is indicated ‘at 16. A" conventional valve
mechanism, as indicated ‘at 17, is associated 25

in form andis arranged atan -angle to the
axis of ‘the assocmted cylinder and tangen-

tial to the mterlor Wztll thereof so that- 100

e



. tion includes
~end 19 which projects nto an aper ture in the.

10

15

20

charges of-air drawn into the cylinders will

be cmvefl to rotate.

With each cylinder I provide a bupnmtb
fuel injection device, each of which is sim-
ilar. . Such a device consistv of a nozzle sec-
tion and a pump section and actuating mech-
anism for the pump section. The nozzle see
a casing 18 formed with an

cylinder and an adjustable stop member 20
for the valve 21 which extends through an

axial chamber in the no.aﬂe casing sections
18 and 19. -The end of the valve is formed

with a head and the stop member is adju sted

so that this head will not. quite touch the
casing-wall.in its 1'Ltmcted pogmon,'und 8
coil Spﬂn“‘ 92 s arranged -within the pas-
sage in the nozzle casing for normally urg-
ing the valve into retracted position,

A pump casing’ 23, (,(ul}mo a barrel 24,
1 serewed upon’ the neck portion of the now-

+ zle casing and a spacer 25 is interpesed be-
“tween the flanged upper end of the barrel

.25

“between the nozzle-chamber (md the

30

“tion of the pump casing and serves as a fuel -
Such inlets are connected by con-

36

- tion.

40

46

50

55

60

65

-oil inlet.

and the neck of the nozzle casing. -~ A pas-
sage extends thr ough the Sp&(‘"l and the noz-
/1e casing neck to establish: communication

of ‘the pump barrel:
26 and a casing 27 surrounds the ported por-
duits 28 so that the oil can be supplied

through means of a low pressure pump (not
shown) - “The- passage:.connécting the noz-

~zle chamber and the barrel is plovlded with

one-way valves 29 so that oil will not return
from. the. nozzle: section . to”the pump sec-
A plunger 30 is arranged to recipro-
cate within the barrel and’is provided with
a bead portion 31 which is slidably mdunted
in the pump casing, there being ‘a coil spring
32 arranged between the barrel and the cas-
ing ‘and engaging the head 31 to normally
urge and mfuntfun the pump plunger in a
position uncovering the ports 26.

It will be seen that the distance the I‘IunO-
er travels after closing. the ports 26 will de-
termine the quantity “of fuel. oil evacuated
into the cylinders: through the nozzle sec-
tion, and the mechanism is so arranged that
the effective oil injections will-occur toward
the end ofthe air commkssmu su‘okeq of the
piston, preferably anvv"heze & rangs ex-
tending between 35 to 5 degrees on the czl’-nh
shaft anffle betfore top center *plsfon po%mon

Mechanism for causing injection strokes
of the plungers is provided and consists of a
pair of cam shafts 33 and 24, driven prefer-
ably from the crank shaft, a plvoted rock le-
ver 35 associated with each device and all
articulated push rod structure 36 whwh isin-

“terposed between -the vock lever and. the

head 31 of the plunger. ‘Such rock levers
are mounted at one end upon a shait 37 ex-

40" has

: thruunn the mechanism fl sseribed,
interior.
The r)mm; Lanrel_a&‘i{j}
casing are. pr ovided with a plurality of povts

-end for engag

1,919,348

tending through the er ank case and the free
ond of the rock levers is prowded with a
curved bearing face which is arranged so

that adjustment of the puqh rod lontﬂtuch— ;

nally thereof will cause p;unoev strokes of
dlﬁeleni lengths relative. to. the porus 28.
In order to adjust-and position the push

70

rod structures relative to the rock levers I -

provide an arm 39 which is mounted upon a
shaft 40 and to the other end of which is

pivoted to the push rod structure.
a gear 42 fixed thereto and carried
upon & slmft 43 is a gear 44 which meshes
with gear 42 this shatt 43 has a fixed-arm
4b ﬂ:mndmrr to the ex cterior of the crank case
and is coitnected: by alink 46 with a pivotgd
lever 47 which is adapted to be manually

operated. - Movement of the lever 47 will

_cause rotation of the shafts 43 and 49 with a

consequent moveiient of the arin 89 and the

5
pivotally n;oun[orl a-link 41 which is also

The shaft

80

. 8'5

link 41 to mové and position the push'rod -

structures upon the'curved face of the rock
levers: It-will be understood that the fuel
charge quantity can be regulated as desired
and stich
mechanism can also be adjusted. so that the
stroke impcn ted- to the plungers will. nob
close the ports
operate.

The twe cain sh(tftsi"or operating the rock . -
are suitably mounted in end:bear-

O

levers 85
ings, as shown at 48 and 49; and méchanism
1s associated therewith. so that either one or

the other cam shatft is moved into a position -

so that the lobes 50 and 51, associated theve-
with respectively, ave in a position to acti:
ate the rock levers.” In order that the cam
shafts will be moved simultaneously so that
the lobes of one will be effective and the lobes
of the other ineffective, I provide & connec-
tion which consists of a pivotally: mounted
yoke arm 52 having a suitable projecting
ing collars 53 fixed to the cam
shafte; and in this manner it is only neceg-
sary to-apply mechanism’ to shift one of the
shafts to place them both in desired relation
relative to the rock levers.

In:order to start the engine I plOVld(, a
system through means of which compressed
air ig admitted- to. the eylinders. - A com-
pressed air tank 54 is conveniently arranged
relative to the engine and has an outlet con-

~duit 55 leading to a valve ] nousmﬂ 56, and a

conduit 57 leads from the valve housing.
To this conduit 57 I conduct compressed air
through-a CQI_LdLIlL 58 to a distribubor 59 with
which -a plurality ‘of conduits 60- are -asso-
ciated to deliver compressed air to the indi-
vidual “eylinders during the power strokes
1n s proper timed -relation o -move :the
pistom'doanard, and-also associated with
the conduit 57 is a conduit-61 which com-
municates with a-chamber 62 formed in the

crank case and in which the end of the cam

26 so that the engine will not -

90

95

‘105

110

118
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35

45

" oil. charges,

‘the pistons:

. i'»i,919,34s

shaft 33° 'reciprd&;fés’ ’ : '
shaftis in:the form-of a liead 63 and a spring

64 bears thereagainst to normally move the
shaft axially so that the lohes 50 will be

in effective position beneath the rock levers
85. When compressed air'is. admitted into
the chamber 62 the cam shaft’ 33 will be moved
axially so that thg Jobes ‘theleon will move

into a” plane where they:do not-contact with.

the rock lever 8, and at the same time through

the 1nedlu1n of the yoke arm 52. the-cam. .shait :

34 is moved .in an opposite direction such
that the lobes 51 thereon wilt be moved 1nt0
effactive relation be neath the rock levers.

The cam shaft 34 is driven at a multiple-
speed relative to the cam shaft 83 and is-em-

ployed when the engine is being started, but

when the engine ig ronning under its. own
power then the cam-shaft 83 is moved into ef-
fective position.

‘The cam shaft 33 is driven
at one half the speed from the crank shaft 80

by means. of gearing 81; 82 and 83, and such

speed 1s not sufficient to operate the plunger

fast enough to develop the desired pressure’
behind the oil injections when the engineis
~being turned slowly- in starting:

The. cam
shaft 34.is driven from the gear 83 by gear-
ing 84 and 85-at- crank Slmft speed which
will produce the desired pr essure behind the
thus causing

after a very few

revolutions of the crank shaft “The gears

So and 83 are of sufficient lennth so that the v
an_ be shifted axially wuhout becommﬂ :

unmthCJ from their associated gears 84 a and
82..  With the cam shaft:83 in effective posi-
tion, there will be one fuel injection - duriig

‘each complete cycle of the engine oper ation
¢ in the compression stroke of
With the cam shatt 34 in effec-
tive position, there will be a fuel m]ectlon
stroke twice in-each domplete cyde of opera~--
g late in "
: assocmted with each - cylinder- including -a

which occurslate

tion, one of these injections occurrin
the complessmn stroke of the plbton

-Of

course, the extra injection”in each: complue'

cycle of operation wastes a small amnount of
fuel, but, the normal operation of- the four

. eroke ‘cycle engine is in no way 1hte1fuud

o
[

with:

A Tink 65 is plvotﬂl‘y mounted at the- lower :
-end of the lever 47 and is pivotally mounted
at its opposite end to an arm 66 which is

- mounted upon a shaft 67. A collar 68 is

60

secured to the link 65 and has pivoted thereto: ¢

a link 69 which is connected to the rock lever
70, such lever being pivoted to the valve hous-
1110 56.- The free end of the lever 70 is ar-

: ranoed to actuate the valve stem-71 which

65

plo]ects into the valve casing and opens-or-
_closes the Vﬂve therein so that the passage of
‘compressed air from the conduit 55 intc the

conduit 57 is thereby controlled. .

To end of this cam

“the oil charges;
when the enome is s*aw tmo to v)nnetl ate and_
commingle with the complessed air charges.
to an extent such that a mixtare is ionncd ,

- which will reddily ignite a

T oiid ler that the air in’ ‘the conduit 57 may.
“escape .when thé. starter has completed ifs -

3

usefulness, T provide: a. rotatable valye- 72 :

which is controlled through means of an-ex-

tension 78.on the lever 70 engaging the valve
operating lever 74. * As previously described,
_movenent .of “the lever 47 “will control the_ e

fuel charge quantity and it will be seen that

1novement of this lever will actuate the valve

stem 71 throuoh the connecting linkage 65,
69, 70 and the collar 68. When stfutmg a

Dlesel engine in Whmh the air charges re-.

maln’ const‘mt it 18 de_,nable that the fuel

~ charge be the maximum in order to have the
maximum heat units theréin as well as suffi-*

0

5.

cient fuel to provide a readily ignitable mix-

“ture and; consequently, I have auanoed the
control medmnmm so that the lever 47 must'f

be ‘moved slightly beyond a position giving -

‘maximum:fuel injections, as shown in Flg. 1
“Defore the compressed air conduit 57 is open L
‘o the: tank -and ‘by. this arrangement I can

utilize a single control means for regulating

the fiel qudntltles under any operatmcr con- o
ditions and at the same time: make the air

artlno system-effective. -

Al an-auxiliary means of con‘molhng the
fuel: injeetion quantity and:the air starting
system I provide a geai:
‘which meshes with a gear:76 on the shaft 77.-

85

90

75 on the shaft 67 i

The gear 76 is. rotated by a rack formed on -

the: end of ‘o rod -78 which extends to or can
be ‘connected. to be oper‘tted remotely flom
the engine. . .

\Vhlle I lnve herem descubed in some-

detail: a. specific embodiment of my inven- -

tion, which I deem. 40 be. new and advantas

100

oeous and may specifically claim, T do not

desire it to be understood that my invention

is limited to the exact details of the construc- -

tion, as it will be apparent that changes may

- be- mbﬂe therein without departing from the

spirit or scope of my 1nvent10n

‘What I claim is: B
1. In an internal combustion: enoqne, @ plu~
ality of cylinders; & fuel injection device

plunger, a pair.of cam shafts driven at 1*e1a-

Aively: different speeds-for operating  the

plungers in sequence, a starter system for the

F-'

110

-
L
&

engine, and means for shifting said cam -

shafts to place the faster cam shaftin plunger
operatlno position when the stzu ter system

1is applied to the engine.
"9, In an intérnial combuition eng mo, a phl—
'mhty of aligned cylinders, a fuel injection

device associated -with each cylinder mclud-
ing a plunger;a starter system for the engine,

apair of cam shafts driven:at relatlvely dif-

ferent speeds for operating the plungers,
means for adjusting one of the shafts tomove
it into or out of operative relation with the
pluno ers, and a connectionbetween the shafts
causing their movement in opposite directions
during- operation of the adjusting means; the

120

[

125 |

"13['!.

05
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15

20

25

'35,

40

a4

faster cam shaft being moved into plunger
operating position when the starter system
is apphed to the‘engine.

.-In an internal combustion engine, a plu-

g, rality of cyhnders, a fuel m;ectlon " device

cylinder including -a
plunger, a starter sy%em for the engine, a
pair of engine driven cam shuts operative
one at a time. ‘iol actuating the plungers to
cause fuel injections, said chafts rotating at
relatively - different spepds and ‘means for
shifting the shafts axially to place the de-
sired one in operative relation with the plung-
ers, the faster cam sha** being moved into
muno"" operating position When the stzn ter
‘ynto'n 1y ﬂpphed to the engine. A

"4, In an internal combustion engine, o cyl-
inder, a device for injecting fuel info the el
inder ancluding & plunger, a pair of Lngme
rotated cams for cperating the plunger to
cause-in ,ef'mm sirokes ther eot; said cams ro-
tating at relatively different speeds, a com-
press sed air starter ‘system for the engine, and
shifting means fm said cams actuated by the
starter sybtel n, only one of the cams being in
effective relation to operate-the plunger aba
time,.

5. In an internal COlllbub‘dO;i englne,' i)
cylinder, a device for injecting fuel into the
cylinder including a plunger, a pair of en-
gine driven c s effective one ab a time to
actuate the plunger, said cams being driven
at relatively different gpeeds, F) cum‘“evsed
air starter system, and means for applying

associated with each

‘the starter system to shifé the catns so that

the fagter cam is effective during starting.

6. In an internal combustion engine, a
plurality of cylinders, a fuel injection device
associated with each (,yhn(‘ur including a
plunger, means including adjustable me ccha
nmism tor regulating the eoffective movement

~of the plun%is to vary the charge delivered,

45

50

.65

60

G5

a commessed air starter svstem for the en-
gisie controlled i by 1 the dd]ust able mechanism,
sam mechanism. for operating the plungers

at- different speeds relative to the. engine

speed, -and means for- utilizing the sta arter
system to move the slovier cams out of ef-
fective relation with the plungers and the
fastor cams into effective relation with the
plunoms while the starter system ig effective.

. Inaninternal combustion engine, aplu-
mhty of cylinders, a phmoer fuel m}nc*mu
device associated with each cylinder, a paire

an

~of cam shafts driven a% different relative

speeds and adapted to operate the plungers
one at a time,
ing the slower cam in operative relation with

fneans normally maintain- .

1,919,348

the plungers, a compressed air starting sys-

tem for. the engine, and a connection be-,
tween the starting system and the cams si-

multaneously sh1it1no the faster cam into
effective position with the plunoers when the
system is applied to start the engine.

8. In an internal combustion eéngine, a
plurahty of cylinders, a plunger fuel injec-
tion device associated with each cylinder, a
pair-of cam shafts driven by the engine at
relatively different -speeds, said cam shaft
cooperating  to  cause -effective plunger
strokes one at a time, means normally posi-
tioning the cam shatts with the slower one
in plunger operating position, a starter-sys-
tem for the engine, and means actuated. by
the starter system while applied to position
the faster cam. shaft in opemtwe relation
with the plungers.

9. Tn an internal combustion u‘m‘me, a

plurality of cylinders, a fuel injection de~
vice including a plunger associated with each
cylinder, a pair of engine rotated cam shafts
adaptefl to be p051t1011ed in opeultlw D osi-
tion with the injection devices one at a {ime,

said shafts being operated at relatively dif?

ferent speeds, means normally placing the

slower cam shaft in operative relation with

the plungers of the fuel devices, and a man-

uaily —controlled. compressed air engine

starter: system for placing the faster cam

sh.ur in operative relation With the plungers
of the injection devices.

10 In an internal combustion enging hav-
ing a plurality of cylinders, devices for in-
;ectmo fuel charges 1nto the cylinders, mech-
anism for ftd]usung the devices. to 1’egvhte
the quantity in the delivered fuel charges,
a pair of cam shafts driven at relatively
different speeds, means for shifting the cam
shafts, a starting system for ths engine, and
a single control “member for controlling the

adjusting mechanism; - the starter and the

cam shaft shifting mechanism.

11, In an internal combustion engine of
the Diesel type; a plurality of ahgned cylin-
ders, a fuel injection device associated with

each cylinder including a plunger, plunger
operating mechanisms 1ndudlno a rock le-
ver, a pair of cam shafts effec tive one at a
time to actuate the rock levers,: qa%cl shafts
being operated at relatively different speeds,
a stfu ter system for the engine, aml means
for shlftmcr said cam shafts axially to place
either in T)osmon ‘to operate the rock levers
in sequence.
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