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~". . Specification of

Lo all whom it may concern: U
- Beit known that I, Joserm A. NICKELSON,

)

useful Improvements in _Internal-Combus- |- X have illustrated the proferred embodi-
ment of my invention in the accompanyin Q.
oo pdrawingsy i which-— 0 0
1his invention relates to internal combus- © Fagure 14s an elevation, partly in section, -
of.a gas-engine; Fig. 2 is an. enlarged- eles ¢
vation partly in section, of a portion of the
sames Fig. 3 1s an-end view; and Fios, 4
tien of the oxh aust and  compressed air

tion Engines, of which the following is a |

specification.

10 tion engines, and the object of the invention

18 to provide a motor of ‘this type which is |
of simple and substantial - construction; |
which 1s reversible and self-starting in either |

- darection ‘and which is provided with a com-"
15: pactly arranged and easily operated control
Reversible - internal combustion engines
have been constructed heretofore 'h AVING a
~set of-cams for actuating the various valves
20 when the engine 1s running in ohe direction’
and anotker set of cams angularly displaced
about the cam-shaft from the cams of ‘the
first-named set for actuating the valves when'
- the engine is running in the opposite direc-
tion. This duplication of cams is highly-

ho
o

undesirable, as 1t complicates and increases’

+operation. o T T
30 My invention contemplates’ the Provision
- of an internal combustion motor whichis
‘reversible and which réquires only a single’
- set of cams to actuate the valves. I accor-
~+ plish this by providing means for turning
35 the shaft which carries the cam or cams on
its axis independently, of the drivin o miech-

- amsm therefor, as, for instance, the engine-
shaft, so thata singlé set of cams will i1l one |

position- actuate the valves to operate the
40 engine I one direction, and in another po-
~ sitton will perform the same function for
running the engine in the opposite direction.
The means which T prefer to employ for this
purpose is simple and compact and is readily

45 operated to rotate the cam-shaft on its axis |

- without turning the engine-shaft and with-
out -affecting the: gearing by which the en-

~gine-shaft drivés the cam-shaft. |

. Internal combustion engines “have com-
50 monly been provided ‘with mesns Tor start-
ang th em by admittin . compressed air to

“oné or'more of the cylinders, T adopt this |
_expedient by providing one or niore ‘of ‘the |

Ccylinders with' valved inlets for ‘admitting |

o 'INQEC:ERﬂ'ALg6&1MEtIST_igi¢ ENGINE.

New York, have invented certain new and .

. ASSIGNOR.TO NEW YORX YACHT, LAUNCH

raHn

owen o mgpmy

| therewith I provide a miaster air-valve 1 the

‘the cams for operating the air-valves aleo
“aperates to {,}pen_-t-lm'--z‘nasat_f_;ar-.'11.311:"-_~i'f:-“i1-w. o

‘valves respectively.

| dnthese drawings, T have illustrated « six
1 eviinder, internal combn

ot are equally applieable (o an‘engine of one

-

i

preferably admitted to three of the cyling

| east them in palrs and provide means f{;}l’.:_;

R g e Aa HIEHERSes 1 adnitting compressed air to ene cvlinder of

| the cost '{)‘fi- the engine fé?»_l'ld Jicreases {301’1:?51{._14 | 5"'3‘”'#1:(3.]-;1-7-1551 ir, as similar cast ings ean therefore
erably the liability ‘of ‘breakage ‘and Taulty!| ho nsed for the several pairs of eyvlinders.

| T Pl(‘i(‘ldhh’ul(ﬁ{‘,]lllth]‘*"H‘\".:lf,ﬁih].el(hflﬂil.}
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1+ from the engine by the pipes 7 of a water’

the water for cooling hein o-carried: to and

circnlating system: 1. the usual manner.

carried on siitable supports 9, which are se-

|-enred at their lower ends to a base frame 10.
Sultable pistons, not shown in’ the drawings, -
are adapted to reciprocate in the cylinders
ancd” are connected by cconnecting rods {o
cranks on the engine-shaft 11 in the nsual
| manner.. . Sight-feed Iubrica tors 12 dre pro- 95
vided for admitting lubrieatin g ol to the =
pistons. 13,14 and 15 indicate branch pipes
Jeading from o main: oas-pipe Lo an o pening
i the upper end of cach of the cylinders to
carry gas thereto.  The inlet: tor the gas to 100
ers 15 provided with 4 siiit-

each of the eylind
able valve, spring

00 compressed air ‘thereto and in combination . with the operation of the valves for the ex-

| ddl stion engine, but I
wWish it inderstood that my invention isnot
lmited in this respect. as the principles there. -
70

or any other number of cyiinders desired. .
Lhe evlinders are indicated’ by the numerals
1 to 6. As com pressed wir for starting is
tors,

It -pressed to the closed posi-

“tion, and these valves may ‘be operated by
“suction or by cams coacting with, the stemsg
~of ‘the valves. Tn the engine illustrated,
“these ‘valves are operated by sueti ony, but it
~will be understood that they may be operated
by cams in 2 manner similar to that which .
wiall be hercinafter ‘deseribed 1t eonmection L
110
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haust from the cylinders of the products of

combustion and the air which 1s used for

starting. . _
Communicating with each cylinder is an
exhaust outlet provided with a valve 16, the
stem 17 of which extends through a suitable
opening in the cylinder casting and 1s pro-

“vided with a collar 18 between which and a
~ portion of the cylinder casting a spring 19 1s

10

15

20

25

30

39

40

45
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coiled about the valve-stem and adapted to
move the valve to the closed position. Com-
municating with one cylinder of each pair,
that is, cylinders 1, 3 and 5, 1s an inlet open-
ing 20, for compressed air, to which openings

are connected branch pipes 21 connected to a.

compressed air-pipe 22. In each of these
air-inlet openings is a valve 23, the stem 24
of which extends down and is provided with
a spring 25 for moving the valve to the
closed position similar to the spring 19 of the
exhaust-valve. The compressed-air pipe 22
leads to a suitable reservoir 26, in which

compressed air is stored, the air being com-.

pressed in any suitable manner, as by an air-
compressor geared to the engine shaft.
Within a suitable casing 27 in the air-pipe
29 is a master air-valve adapted to be op-

erated by a stem 28 and having a sultable

spring to move the
tiomn. - |
- Mounted for rotation in bearings carried
by the supports 9, is a shaft 29 carrying the
cams for operating the exhaust-valves 10
for all of the cylinders and the compressed-
air valves 28 for admitting compressed air
to cylinders 1, 8 and 5. As 1s usual in 1m-
ternal-combustion engines, this shaft 1s ar-

valve to the closed posi-

ranged to be driven by the engine-shaft at

.one-half the speed of the engine-shatt, but
I provide means by which the shaft may be
turned on its axis through a definite angle
independently of the engine-shaft and with-
out affecting the gearing by which the en-

" gine-shaft drives it. Onthe engine-shait 11,
15 a pinion 30 (Fig. 3), which meshes with
a gear 81 carried by a suitable stub-shaft.
The intermediate gear 31 meshes with a gear
32, which is adapted to drive the cam-shaft
29. The arrangement of this gearing 1s such
that gear 32 is driven at one-half the specd

of the engine-shaft 11.- On the end of the

- cam-shaft 29 are one or more spirally

55

formed ridges or keys 33, and fitting on this
end of the shaft is a bushing 34, the bore. of
which is providéd with one or more spirally

formed grooves or keyways corresponding

GG

with the ridges 33 and into which theridges

38 extend, the arrangement being such that
niovement of bushing 34 axially of shaft 29

uses relative rotation of the shaft and
bushing. On the exterior of bushing 34 are
Qne or more keyways. extending parallel to
the -axis of the bushing. The gear 32 1s
formed integral with a long sleeve 35
‘mounted for rotation in a bearing 35" se-

066,948

cured to the frame of the engine, and on the
interior of this slecve are one or more keys
which extend into the keyways on the ex-
terior of the bushing 34, the arrangement
being such that bushing 84 and gear 32 must
rotate tcgether in any position of the move-
ment of bushing 84 axially of shaft 29. In
the end of bushing 34, beyond the end of
sleeve 35, is a peripheral groove into which
extends a two-part ring 36 and links 37 con-
nect this ring with an operating lever 38
pivotally mounted upon the base 10, extend-
ing upward therefrom to a convenlent posi-
tion and provided at its upper end with an
operating handle. The lever may also be
provided with a suitable spring-pressed re-
taining latch coacting with a notched sector
39. Secured on the cam-shaft 29 are three
cams 40 for actuating the compressed-air
inlet valves 23, and six cams 41 for actuat-
ing the exhaust outlet valves 16 in & manner
which will be hereinafter more fully de-
scribed. tee ,' |
Mounted in suitable bearings depend-
ing from the under side of the frame 8
and arranged for axial movement m its bear-
ings is a shaft. 42 carrying the lifters for
the valve-stems 17 and 24. The construction
of these lifters i1s best shown in Figs. 4 and
5. Each of the lifters consists of a frame 43
Joosely mounted on the shaft 42 but held
against axial movement relatively thereto
by suitable collars. FPivoted in the lower
part of the frame 43 is a roller 44, which

bears upon the periphery of the operating

cam of the lifter and one edge of which 1s
beveled off. Secured on the top of the frame
43 is a plate 44’ on® which bears the lower
end of the valve-stem which 1s to be oper-
ated by the cam on which the roller 44 bears.
A rack 45 is formed in the shaft 42, with
which meshes a toothed sector 46 carried by
a shaft 47 mounted in suitable bearings and
to which is secured a lever 48 having an op-
erating handle. This handle may also be pro-
vided with a spring-pressed retaining latch
cooperating with notchies in a sector 49. In
order to-hold shaft 42 against a springing
movement which would carry the teeth of
rack 45 out of mesh with those of the sector

46, a bracket 50 extends downwardly from

shaft 47 upon which 1t 1s loosely mounted
and al its lower end.carries a roller 51 on
which the shaft 42 bears. On the lever 48
s & projection 48" (IFig. 5) which when the

lever is thrown to the position mdicated by
the dotted lines in Ifig. 2, engages the stemr

98 of the master air-valve and opens. the
valve. . | o
Fach of the exhaust-valve-operating camns
41 (Fig. 4) has a raised portion 52, which
wlien the cam-shaft 29 is rotated, coacts with

the roller 44 on the lifter 43 for that cam to

raise -the lifter and thus-open the exhaust-
valve.. On thie side of the cam opposite the
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- raised portion 52, is a second raised . portion
-+ 93, one edge of '

1o

- stroke

- 30
85

40

45

c et
4

by the dotted lines in

42 is in the

neither one of these raised portions on. the
‘cam operates the lifter 43 and movable valve- .
member corresponding thereto, but when |
Iifter-shaft 42 is moved axially by lever 48
to the starting position, both of the raised
portions operate the lifter. The three cams

40 for operating the compressed-air nlet- |
_valves are secured on the cam-shaft 29 in
~such position.that the raised portions: on-each
of them are displaced_angularly from those
- of the other-twoedms by

~ 7 he“well understood. Also-the corresponding

~raised portions o the six cams 41 for o per--
ating the exhaust-valves are:displaced one

o

Wi

g

from another by sixty degrees.

- The 1gnition of the charges of gas admit-

ted to the eylinders during normal running
- of the engine may be effected in | ..
I pr to employ the jump-spark
ethod, and for this purpose I provide UL

any suitable
manner. I prefer to

- the sleeve 35 of the gear 32 a gear 55 mesh-

60

65

ing with a gear

of which is beveled off as shown
m Fig. 2. This is of less width than the |
raised ‘portion. .52, so, that when the " lifter-
shaft 42 .is in the position’ for normal run-
- ning, as shown in Fig. 2, only- the raised por-
tion 52 on each exhaust cam 41 engages the

xially

two raised por-.

120 degrees, as will

L gear 50 carried by a shaft 57, on
~which shaft is mounted the movable mem-
ber of a distributer 58, the ‘other member of
which is provided with six binding-nosts 59, |
from which wirds'lead to dpark- plugs in the
several cylinders, and which is arranged to |-
permit shifting it angularly about shaft 57
between narrow limits, in order to adjust the
lead of the spark, by any, suitable operating

a

‘mechanism connected thereto’ and extending
to a position convenient for the operaior.

Smm AR e —— - e

position shown in dotted lines in Fig.

- The operation of the ¢ngitie will now be
“described. - In order to start the engine, the
70

-—y .

operator turus lever 48 on 1ts pivor to the
1 8

On eacr Gov canm xl engages the - thus moving the lifter-shaft 42 axially by
- roller 44 on the lifter for that eam; but when :

~lever 48 is thrown to the position .indicated
n Kig, 2, thus, moving :
Lifter-shaft 42 and the lifters.thereon a _
of the shaft, the lifters are carried to such a
position that both of the raised portions 32
and 53 on each cam 41 e¢ngage the voller 44
on the lifter for that cam and actuate the
- lifter to open the exhaust. valve whose stem
. rests thereon. .Also, the raised portion 53,
- which operates to open the exhaugt- valve: |
~while starting during the stroke of. the. en- |
- gine corresponding to the compression strole. '
of normal running, is smaller than the raised
-~ portion 52, 50 that in starting the exhaust-
~ valve 1s held open by this raised portion B3 -
- forashorter period and a slight compression
1s obtained, so that if any gas is admitted
twith- the comp ressed’ alr. on- the admission.
, 1t will be compressed and ignited and |
1ts expansion will aid in driving the engine.
Ifach of the cams 40 (Fig. 5) for operating.
the compressed-air-inlet valves of cylinders
-1, 3 and 5, is provided with { 1S6( .
~ lions 54 diametrically opposite each other .
- and beveled off at one edge; these are so dis- |
_ posed upon the cam that when Ifter-shaft
' osition: for normal running,

e e o —r - el e B . .

‘means of the rack 5 and sector 46. In mov-
g the lever 48 in this manner, the pro-
the master air-valve, thus opening the valve:

~and admitting: compressed alr - from the

reservolr 26, through pipe
Ppipes 21, to the air inlet-va [ves, _
Diter shaft 42 and the lifters thercon are

jection 487 therveon engages the stem 28 of

22

and branceh-

shifted in this manner, the rollet 44 on one
~of the three lifters for the: compressed-aly

mlet-valves 23 is engaged by a ralsed por-
tion: 54 on one of the cams 40 and is raised
thereby. the beveled sides of the roller and.
ralsed portion facilitating this, and the lifter

“When the -

80 ..

‘being raised in this Jnner  actuates its

et .,

al

Aoand 5. The air admitted to the cylinder
sgcts on the piston thereof to tuen the engine-

shaft and the gearing between the enoine-

ve-stemn 24 to open the compressed air in- :

valve 25 of one of the three evlinders 1,0

I Lo

shaft and the cam-shaft causes the Tatter to

rotate so that another cam 40 actuates its

valve 23 and compressed-air 15 admitted to
another one of the three ceylinders as soon

“as the piston thereof begins a- down stroke.
The movement of the lifter-shaft 42 hy lever

48 carries the lifters for the exhaust-valves

‘mto position for them- to
1-both of: the™
cams 41, . |
of the exhaust valve cam.for a cvlinder are

[

As the raised portions 52 and 53

angularly splaced from the raised portions

54 on the cam 40 for the air inlet-
Jthat eylinder by 90 degrees, the exha

-of the piston, -1

starts the en

alves of

be operated by

| _ ust out-
let-valve will be opened on each up-stroke
_ 1,-1n order tu-.pm*n"lit:dm'ing_ the
| up-stroke the exhaust of the air which by . .
Its expansion acted on  the “piston- on the
down-stroke. - The admission of compressed
~air to the three cylinders successi ‘?"3{ _
gine and brings it up to speed in
~avery few revolutions, the engine runiin Q.
| as a two-eycle air motor, and at the SUIN16

95

or _ 100
raised portions 52 and 53 on the

105

110

v thus

115

time the other three cylindeps draw in

| charges of gas which are exploded and ex-
1 hausted 111 the usual manner and assist in

starting  the engine. . The operator then
~throws the handlé 48,10 the position showi
“1nfull lines in Fig. 2, thus moving the lifter-

| shaft 42 to'such a ‘position that the rollers

120

44 of the Jifters for.the air inlet-valves are

“not_actuated by the raised portions on the

ams 40 and the rollerson the lifters for the

cexhaust-valves are - operated by only the
raised portions 52 of the cams 41, The

‘engine will then operate in the usual manner

in. four-cycle gas-engines, the gas being ad-

. -'.'

mitted to each cylinder on one down-stroke

130



%

of the piston by the opening of the gas mlet-
valve by suction, compressed on the up-
stroke, ionited and expanded during the next
down-stroke, and the products of combus-
5 tion exhausted from the cylinder on the up-
stroke by the opening of the exhaust-valve
16 by the raised portion 52 of cam 41.
~ In order to reverse the direction of ro-
tation of the engine-shaft, the engine 1s
10 brought to rest in the usual manner and the

operator moves the lever 88 to the position

shown in dotted lnes in Ifig. 2. By means
of the links 37 and the ring 36, this operates
to move the bushing 84 axially of the cam-
15 shaft 29, and by means of the spirally-

formed keys on the end of the cam-shatt

extending into spiral keyways in the bore
of the bushing, this movement of ‘the bush-
ing rotates the cam-shaft through a definite
20 angle, preferably ninety degrees. This

- “movement of the cam-shaft, however, 1s
effected independently of the engine-shaft

and without in any way affecting the gear-

~ ing by which the engine-shaft drives the
25 cam-shaft, as the keys on the interior of
 the sleeve 33, extending into keyways on the
exterior of bushing 34, which are parallel

to the axis of the cam-shaft 29, maintain the
driving relation of gear 32 to the cam-shaft.

30 The engine may then be started in the oppo-
site direction as. before by throwing lever
18 to the position shown in dotted lines, but

in this position of the cam-shaft 29 the
aised portion 54 of the air-inlet cam 40

35 which raises the lifter 43 when -hifter-
shaft 42 is moved axially, 1s the one coxve-
sponding to the cylinder whose
in such a position therein that the adnyission

of compressed air to the cylinder will start
40 the engine in the desived direction. As soon
as the engine comes up to speed, the startig-
lever 48 1s thrown back to its normal posi-
. {ion and the engine is run in the reverse di-

S pection as a four-cyele gas-engine. It will

45 thus be seen that the engine is started by -

the movement of a single lever, holding the
lever in the position to which it is moved
for a few seconds and then moving it back
o its initial position, the two positiong of
50 the lever being indicated by the notches. in
the sector 49. This movement of the lever
operates to admit compressed air to the cyl-
inder whose piston is in position to start
the engine in the desired divection and as

55 - the cam shaft is rotated by the engine shatt
air is admilted to three cyhinders succes-
sively as their pistons begin down stroles.
This is true for either divection of rotation

of the engine. The reversal of direction s

60 offocted by a single movement of lever 33
~ which turns the eam-shaft on its axis ninety
deerees relatively to the engine shaft. When
the ‘cam-shaft 1s in this relation an for
starting would be admitted first to the cvi-
65 inder whose piston is in the position for

piston 15

066,948

starting in the desired direction and then
to all three cylinders successively as before
as their pistons begin down strokes and the
exhaust valves would Le operated at the
proper times both during starting and nor-
mal running to exhaust the air and the
products of combustion to the atmospl.ere.
When the engine is started 1n the same or
reverse direction soon after stopping it
would be unnecessary in many cases to use the
compressed air, but whenever the eagine
does not start of itself the compressed air
devices can be quickly brought into oper-
ation.

Having described my invention, what "1

elann 1s: ‘
1. In an internal combustion engine, a

70

76

80

plurality of cylinders, a gas inlet and ex-

haust outlet for each cylinder, air inlets for
certain of said cylinders, valves :for said
inlets and outlets, a cam shaft driven by the

engine shaft, a pair of cams on said shaft

for each cylinder provided with an air in-
let, each of said cams having two raised por-
tions, a lifter for cach cam, the lifter for one
cam of each palr being adapted to actuate
the air inlet valve and. the lifter for the
other cam being adapted to actuate the ex-

haust valve of the corresponding cylinder,:
means for moving the lifters simultaneously

into position to be actuated by both' the
raised portions on the air-inlet and exhaust
cams corresponding thereto, means for mov-
ing said lifters sumullancously into such
position that the air-inlet cams do not
operate their lifters and only one of the
aised portions on each of the exhaust cams
operates its lifter; and means for rotating
said cam shaft through a predetermined
angle relatively to the engine shaft to re-
verse the direction in which the engine shatt
is driven, substantially as set forth. - '

2. An internal combustion engine having

a plurality of cylinders, a gas inlet and ex-
haust outlet for each of said cylinders, an
air inlet for each of a plurality of cylinders

less than the whole number, a valve for each

ot said inlets and outlets, a pipe for com-

pressed air connected to each of said air
inlets, a master-valve in said pipe, a cum
shaft driven by the engine shaft, cams on
said cam shaft, means for rotating said cam
shaft through a predetermined angle rela-
tively to the engine shaft to reverse the di-
rection in which the engine shaft is driven,
and means for simultaneously opening sad
master-valve and effecting a relative move-
ment of said gir inlet valves and the cams

therefor to.cause operation of said air inlet,

wdves as the cam shaft is rotated, substan-
tially as set forth. |
3. An internal combustion engine having
a plurality of eylinders, a gas inlet and ex-
haust outlet for each of said cylinders, an

| air inlet for each of a plurality of cylinders

89
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. ,termmed angle reletlvely to the engine shaft.
10

- when said ..
ceumpg beth raleed pertmne on each of said |

‘engine shaft and

966 948

less than
mlets - and eutlete

parallel to the (:,l]ﬂ‘lll(., shaft, cams on one of

two raised por tlene

Lurnme' the - cam

shaft is
of

driven, means for moving the second
sald two. Shefte a:amlly, meens operated |
second shaft is in one position for

the whele 11umber Valvee for eeldf
two ehafts e\tendmg;

.Iea,me te operate its COrres endmﬂ- velve and
‘means operated when emf

“another .
said shafts for epemtmg the-etheuet and |
alr inlet valves, each of sald ‘cams. hevlngl
gearing between the
said cam eheft means for
‘shaft threugh a. prede-|

position for rendering  said cams

;_ _;(;Ollilfﬂllllg the air inlet Vl]V{‘% and one of
i the raised portions on each of the: cars con-
'trellmg the exhaust valves. mepemtwe sib-
stantially as set forth. | - |
‘This specification signed and W“ltne%eed

“thh 91st d‘w 5 '
-to reverse the direction in which the engine |

of: December 1900

Wuneeees |
1. MeIm:em

L C. KUUK

-

eeeend ehaft 1S 111
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