J. LANDGRAF,

INTERNAL COMBUSTION ENGINE. .
A?PLICATION FILED DEC. 14, 1917, -

15,0109.

3 SHEETS—SHEET 1.

Reissued Jan. 4, 1921.

va
,// : 2 \\‘ {
= { —
Z g > _77 g ' g, 7"2 ] Z
= = = /
| - _ =
V. B /// -~
) %
£ i
7 N 0_ < A K
V2 w A S _ "3
v Fr 17y \
\ ' |
£
B ™,
2) W\ | -
A ¢
) N i
’ g @
N\ AL N
F! N
2
S\
¢ A % 7
F 2
. ) ﬂ/
A
\\ \§\. \) 50
Ry i
N /L
] INVENTOR
i -




J. LANDGRAF.
. INTERNAL COMBUSTION ENGINE.
APPLICATION FILED DEC. 14, 1917. '

Teissued Jan. 4, 1921,

S :r
‘ llﬂlé n R
‘ 3 W £ - !l!

. Y

15,019.

3 SHEETS—SHEET 2.

k28
%

AITUBNE YS.

L |
% / 7 /1 ll\ﬁ WC;SSS
s ; —R
7 C\ S @1?!
] N :
\— ol \
N/ umn - -y
‘ I N 0“““ =~
sy % =i 5 :
o S 1 0 O D W TR ;:: i
= = : il
& INVENTOR




ATTORNEYS.

15,019,

- 3 SHEETS—SHEET 3.

3

| Sy

pa

~ J. LANDGRAF.,
INTERNAL COMBUSTION ENGINE, /

APPLICATION FILED DEC. 14, 1917,

Reissued Jan. 4, 1921,.




UNITED STATES

PATENT OFFICE.

JULIUS LANDGR{_&F, OF BRIARCLIFF MANOR, NEW YORK, KS.SIGNOR TO THOMAS
C - EVARTS ADAMS, OF ELMSFORD, NEW YORK. '

INTERNAL-CO‘MBUSTION ENGINE. .

15,019.

Origingl No, 1.2@,741, da‘:&d Qctober 24, 1916, Serial No. '2'2',524, filed May 13, 1515. A
’ ST , Teissue filed December 14, 1917, Serial No. 207,211, .

" Toallwhom it M@/JOOHCB’I"I?/ :

Be it known that I, Jurrus Laxvenar, a
citizen of the United States, and a resident of
Briarcliff Manor, in the county of West-
chester and State of New York, have invent-
ed certain new and useful Improvements in

- Internal-Combustion Fngines; and 1 here-

.10

by declare the following to be a full, clear,
and exact description of the invention, such
as will enable others skilled in the art to
which it-appertains to make and wuse ‘the
sfine. : : C o
The invention relates to, motors of the
multi-cylinder type, and its object is to pro-
vide a new and improved internal combus-

.tion engine arranged to veduce vibration. to

" a minimum especially when running the en-
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‘gine at-a; high rate of speed, thus rendering

the engine exceeditgly serviceable for wse
on automobiles and other power-driven con-

. In order to produce the desired result, use
is made of a crank shaft having crank arms
each provided with two wrist pins, one
slightly in advance of the other, pairs of
converging cylinders disposed radially rela-
tively to the axis of the crank chaft, pistons
reciprocating in the said cylinders, and pit.

-men connecting the pistons of a pair of cylin- .

ders with the wrist pins of a corresponding
crank arm. Use is also made of pairs of ad-

- Inission ‘and exhaust valves. for each pair of
- cylinders, the valves of a pair of cylinders

having their stems in:alinement and extend-

Ang toward each other, the outer ends of the

stems having heads adapted to be engaged

- alternately.by a cam.on a cam shaft driven
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from the crank shaft, and springs connect-
ing the pairs of valves with each other. -

A practical embodiment of the invention
is represented in the accompanying draw-
ings forming a part of this specification, in
which similar chavacters of reference indi-
cate corresponding parts in all the views,

Figure 1 is o cross section of the internal

- combustion engine on the line 1—1 of Fig, 2

‘tion being on the

Fig. 2 is a longitudinal central section of the
same on the line 2—2 of Fig. 1; Fig. 3 isan

.- -enlarged sectional side elevation of the valve
B0,

mechanism for, a ip,ai}' of cylinders, the sec-
line 33 of Fig, 4; Fig. 4

©, is a plan view of the same with part in see-
... tlony IMig. 5 is a perspective view. of a por-

tion of the crank shatft provided with one of

Specification of Reissued Letters Fatent,

~the crank arms having two wrist

. crank arm Ds

_other. ‘
- are attached to heads N, N” and the
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pplication for

t pins, one
in advance of the other; and Fig. 6 is a
diagraimatic plan view of the valve mech-"
anism for a pair of cylinders, ’ ‘

On the crank case A of the internal com-
bustion engine are mounted pairs of eylin-
ders B and C| of which the cylinders of each
Pair converge and have their axes disposed
radially relatively to the axis of the crank
shaft D extending through the crank case
A. In the cylinders B and. ¢ are mounted
to reciprocate pistons ¥, K’ conneeted by

55
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pitmen-F, ¥’ with wrist pins D', D% on the .

forming part of the crank
,s}_)a'ft D. The wrist pins I and D? for the
pitmen K, ¥’ of each pair of cylinders are
set one sliglitly in advance of the other, as
plainly indicated in
the pistons E and E’ reciprocate correspond-
ingly in their cylinders B and .C, as will be .
readily understood by reference to Fig: 1.
The intakes G, G’ for each pair of cylinders
B and C are controlled by admission valves
I, X, and the exhausts I and I for the
pairs. of cylinders B and C are -controlled
by exhaust valves J and J’. : :
The valve stems H?, H? of the admission

valves H, H’ extend toward each other and

700

Figs. 1, 2 and 5, so that -
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are mounted to slide in suitable bearings K, -

wrranged on the chests I and I/ attached
tc or forming parts of the upper ends of the
pair of cylinders B and C. The valve stems

J2 and J? of the exhaust valves J and.J’ are

similarly mounted and extend toward each
The cuter ends of the stems Hz, H
stems J2,
J¢ are attached to heads N 2, N3  The heads
N and N’ are connected with each other by .
springs O, and similar springs O’ connect

' the heads N2 and N* witly each other. In the

heads N and N*are mounted bails P .and P’
in engagement with the peripheral face of a
cam Q mounted on 4 cam shatt R journaled
in suitable. bearings S arranged on brack-
ets T connecting the chests 1. and L/ with
each other. The heads N2, N* are provided
with balls P2 P2 in ‘engagement with the*
peripheral face of a_cam Q' secured on. the
cam shaft R." The cams Q and Q’ extend in
opposite directions, as plainly shown in Fig,
6, so that when the valves' H and J” are
open, the valves H” and J are clgsed, 'and
when the valves' H’ and J are J¥en, .the
valves H and J” are closed. Fach bracket’
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“ piston E’ ] ] t
piston E owing to the wrist pin D2 being -

&

2

T is provided with bedrings T’, T* engaged
at. the upper side by balls U, held.on.the
corresponding heads N, N* and N7, N#.-re-
spectively, as will be readily understood: by
reference to Figs. 1, 3 and 4. One end of
the cam shaft R (see Fig. 2) is provided
with a sprocket wheel R’ connected by, a
sprocket chain R? with a sprocket wheel R?

_secured on the crank shaft D so that when
the latter makes two révolutions it imparts
‘one revolution to the cam shaft R by the

sprocket wheel and chain. connection above
described. The upper ends of the cylinders
B and C are provided with the usual igni-
tion devices V and V’ for igniting the ex-
plosive charges at the proper time. -

* The operation is as follows: When the en-
gine is running the several valves, H, H’, J,
J* are opened and closed at the proper time
by the action of cams Q and Q" on balls P,
P, Pz, P2, of the corresponding heads N, N7,
Nz, N3, it being understood that the balls are
held in contact with the peripheral faces of
the cams @ and Q' by the action of the
springs O. It will be noticed that when the
engine is running the. crank shaft D turns
in the direction of the arrow «’, see Fig. 1,
and when the crank shaft is in the position
shown in the said figure then the admission
valve H is open during the suction stroke
of the piston E while the valve H’ is closed
with the piston E’ on the power stroke, the
however, traveling ahead of the

ahead of the wrist pin' D’. 'During the time
the pisten E is on.the suction stroke, the
valve J is closed and the valve J7 begins

" to open on the next return stroke of the
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" valve J is opened to allow escape of the prod- .
" shaft, one for opening the admission valve
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piston E” to cause . the products of com-
bustion to escape from the cylinder C
During the next return stroke of the pisten
E the valve H is closed to allow compres-
sion of the charge in the cylinder B, on the

next following inward or power stroke

the charge is ignited by the ignition device
V, and on the following return stroke’ the

ucts of combustion from the ¢ylinder B,
‘Tt will be seen that in the four cycle eight
eylinder engine illustrated, the cylinders of
each pair are displaced from each other
about the engine shaft by an angle which
is less than 90°, 90° being the angle com-
prised between the cylinders in the ordinary
construction of engines of this type. '

Generally speaking, in explosion engines of

the multi-cylinder V-type, the angle between
the cylinders .of each pair must be equal to
one or more circumferences divided by the
number of cylinders in order that the explo-
sions will occur at regular intervals, . e., in
a four or eight-cylinder engine this angle
is of 90°, in a six or twelve cylinder engine,
60° and so on. P ’

5. " By the arraugement shown, the angle be-

15,019

tween the cylinders may be reduced while
maintaining the regularity in the succession
of the explosions, and this result is attained
by the fact that the wrist pins of each crank
arm corresponding to a’ pair of ecylinders
are displaced from each other about the axis
of the engine shaft by an angle which is
equal to the difference between the angle
\_v_hit:h the cylinders of each pairshould com-
prise according to the above stated rule, and
the actual angle of displacement of said
cylinders. ' : : -

This reduction of the angular displace-
ment of the cylinders is highly desirable
as it causes a reduction of vibration, reduc-
tion of the size of the engine and reduction
of the weight of the engine. ‘

In the construction illustrated, the angle
between the cylinders is 60° and conse-
quently the angle between the wrist pins
is 30°, but any other angle may be adopt-
ed for the displacement of the cylinders,
provided that the angle between the wrist
pins is accordingly modified so that its sum
with the angle of the cylinders gives 90°.

In the same way a six or twelve cylinder
engine may be construcied in which the
angle of displacement of the cylinders has
any desired value less than 60°, the wrist
pins of each crank arm being displaced from
each other by an angle which added to the
angle comprised between the .evlinders
give 60°.

Having thus described .my invention, I
c¢laim as new and desire to secure by Letters 100
Patent : '

1. An internal combustion engine, com-
prising a crank shaft having a crank arm
provided with wrist ping one ahead of the
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.other, a pair of converging cylinders having 105

pistons connected with the said crank shaft
horizontally disposed, -admission and ex-
haust valves for the said cylinders and hav-

ing their stems extending toward each other,
and a cam shaft driven from the said crank 110
shaft and extending between the cylinders of

a pair of cylinders, and cams on the said cam

of one cylinder while the admission valve

of the other cylinder is closed, and one cam 115
for opening the exhaust valve of the other -
cylinder wﬁile the exhaust valve of the first
cylinder is closed. ’

9. In an internal combustion engine. the -
combination of a crank case, pairs of con- 120
verging cylinders mounted on the said crank
case and provided at their outer ends with
horizontally disposed valve chests project-
ing toward each other, 2 bracket connecting - :
the chests of a pair of cylinders with eaqﬁk 125 .
other, a crank shaft journaled in the cran
case, pistons reciprocating in the said ¢ylin- .
ders, pitmen connecting the said pistons with
the crank shaft,' admission- and exhaust .
valves in each chest, a cam shaft journaled 130
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in the said bracket and controlling the said
valves, and means for driving the same cam
shaft from the said crank shaft. ‘

3. An internal -combustion engine, .com-
prising a pair of cylinders each having an
admission and an exhaust valve, the stems
of the valves of the two cylinders extend-
ing toward each other, a head on the.outer
end of each valve stem, springs connecting
oppositely disposed heads with each other,
and a cam shaft intermediate the opposite
ralve stem heads and provided with cams,
one for controlling the admission valves and
the other the exhaust valves. ‘

4. An internal combustion engine, com-
prising a pair of cylinders each having an
admission and an exhaust valve, the steins
of the valves of the two cylinders extend-

ing toward each other, a héad on the outer

end of each valve stem, springs connecting
oppositely disposed heads with each other,
balls in the said heads, and a cam shaft
having cams engaged by the said balls.

5. An internal combustion engine, com-
prising a pair of cylinders each having an
admission and an exhaust valve, the stems
of the valves of the two cylinders extend-
ing toward each other, a head on the outer
end of each valve stem, springs connecting
oppositely disposed heads with each other,
means for guiding the said heads, and a
cam shaft intermediate the opposite valve
stem heads and provided with cams, one
for controlling the admission valves and the
other the exhaust valves. » :

6. A multi-cylinder, V-type, internal com-
bustion engine comprising the combination
of a plurality of pairs of cylinders having
the cylinders of each pair displaced angu-
larly about the axis of the engine shaft by
an angle which is smallerr than the number
of circumferences in which a cycle of the
engine is completed divided by the number
of cylinders in the engine, an integral crank-
shaft having a plurality of crank-arms, one
for each pair of ¢ylinders, arranged at equal
intervuls to each other and having each
crank-arm provided with two wrist-pins
which are displaced from each other about
the axis of the engine shaft hy an angle
which together with the angle of displace-
ment of the cylinders of each pair equals
an angle not exceeding 90° and correspond-
mg to the number of circumferences. in
which u cycle of the engine .is completed
divided by the number of cylinders, pistons
in the cylinders and connecting rods con-

* mecting the pistons to the wrist-pins.

7..A multi-cylinder, V-type, internal com-

bustion engine comprising the combination
of a plurality of pairs of cylinders having
the cylinders of each pair displaced angu-
larly about the axis.of the engine shaft by
an angle which is smaller than the number
of circumferences in which a cycle of the
engine is completed divided by the nvmber
of cylinders in the engine, an integral erank-
shaft having a crank-arm for each pair of
cylinders and having each crank-arm - pro-
vided with two wrist-pins which are is-
placed from each other about the axis of
the engine shaft by an angle which is less
than the angle between the cylinders of a
pair and which together with the angle of
displacement of the cylinders of each pair
equals an angle corresponding to the num-
ber of circumferences in which a cycle of
the engine is completed divided by the num-
ber of cylinders, pistons in thé cylinders
and connecting rods connecting the pistons
to the wrist-pins. ’

8. In a motor, in combination, eight cyl-
inders arranged in two sets of four each,
the sets being dispesed in V form with the
axes of the cylinders of one set at an angle
of less than 90° to those of the other set,
and a crank shaft having a set of crank
pins for each set of cylinders, the, crank pins
of one set being offset angularly relatively
to those of the other set to'the same extent
as the axes of the cylinder sets are less than
90° apart.

9. A multi-cylinder, V-type, internal com-
bustion engine comprising the combination
of a plurality of pairs of cylinders having
the cylinders of each pair displaced angu-
larly about the axis of the engine shaft by
an angle which is smaller than the number
of circumferences in which a cycle of the
engine is completed divided by the number
of ¢cvlinders in the engine, an integral crank-
shaft  having a single integrhl erank-arm
for each pair of eylinders-and having each
crank-arm provided with two wrist-pins
which are displaced from each other about
the axis of the engine shaft by an angle
which is less than 90° and is different from
the angle between the cylinders of a pair
and which together with the angle of dis-
placement of ihe cylinders of each pair
equals an angle corresponding to the num-
ber of eircumferences in which a cycle of
the engine is completed divided by the num-
ber of cylinders, pistons in the cylinders
and connecting rods connecting the pistons
to the wrist-pins. ' ‘ :

In testimony whereof I affix my signature.

JULIUS LANDGRAF. -
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