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UNITED STAT Es PATENT OFFICE. 
LS LANDGRAF, OF BRIARCLIFF MANOR, NEw YORK, AsSIGNOR O 

- . EVARTS AIDAMS, OF ELMSFORD, NEW YORK, 
OMAS 

INTERNAL-CoMBUSTION ENGINE, 

15,019. 

To all whom it may concern. . . . 
Be it known that I, JULIUS LAN GRAF, 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 

10 

Internal-Combustion Engines; and I here 
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 use the 
S8. . . . . . 
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 reduce vibration. to 
a minimum especially when running the en 
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igine at a high rate of speed, thus rendering 
the engine exceedingly serviceable for use 
on automobiles and other power-driven con 
veyances. - . . 

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 shaft, pistons 
reciprocating in the said cylinders, and pit 
men connecting the pistons of a pair of cylin 

30 ders with the wrist pins of a corresponding 
crank arm. Use is also made of pairs of ad 
mission and exhaust valves for each pair of 
cylinders, the valves of a pair of cylinders 
having their stems in a linement and extend 
ing toward each other, the outer ends of the 
stems having heads adapted to be engaged 

, alternately, by a can on a camshaft 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 characters of reference indi 
cate corresponding parts in all the views. 

Figure 1 is a cross section of the internal 
combustion engine on the line 1-1 of Fig. 2; 
Fig. 2 is a longitudinal central Section of the 

tion being on the 

same on the line 2-2 of Fig. 1: Fig. 3 is an 
enlarged sectional side elevation of the valve 

50. mechanism for a R of cylinders, the sec 
ine 3-3 of Fig. 4; Fig. 4 

is a plan view of the same with part in sec 
tion; Fig. 5 is a perspective view of a port 
tion of the crankshaft provided with one of 

open, the valves H and J are clo 
when the valves H and J are cen, 
valves H and J are closed. Each bracket 

Specification of Reissued Fetters Patent, Reissued yan. 4, 1934. 
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the crank arms having two wrist pins, one 
in advance of the other; and Fig. 6 is a diagraiamatic plan view of the waive mech." 
anism for a pair of cylinders. 
On the crank case A of the internal com bustion engine are mounted pairs of cylin 

des 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 Dextending through the crank case 
A. In the cylinders B and C are mounted 
to reciprocate pistons. E, E' conneeted by 
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60. 

65 
pitmenF, F, with wrist pins D, D9 on the . 
crank arm.D forming part of the crank 
shaft D. The wrist pins w and D9 for the pitmen F. F. of each pair of cylinders are 
set one slightly in advance of the other, as 

70 
plainly indicated in Figs. 1, 2 and 5, so that the pistons E and Ereciprocate 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 
Band C are controlled by admission valves 
H. H. and the exhausts and I for the pairs of cylinders B and C are controlled 
by exhaust valves J and J. 
The valve stems. H. H8 of the admission 

valves H. H. extend toward each other and are mounted to slide in suitable bearings K, 
urranged on the chests L and L' attached 
to or forning parts of the upper ends of the 
pair of cylinders B and C. The valve stems 

and J of the exhaust valves J and J are 
similarly mounted and extend toward each 
other. The outer ends of the stems H2, H8 
are attached to heads N, N and the stems J, 

are attached to heads N. N. The heads 
N and N are connected with each other by 
springs O, and similar springs O' connect 
the heads N and N with each other. In the 
heads iN and N are mounted bails P and P’ 
in engagement with the peripheral face of a 
cam Q mounted on a cam shaft R journaled 
in suitable, bearings Sarranged on brack 
ets T connecting the chests L and L with 
each other. The heads N, N are provided 
with balls P, P in engagement with the 
peripheral face of a cam Q' secured on the 
camshaft R. The cams Q and Q extend in 
opposite directions, as plainly shown in Fig. 
6, so that when the valves H and 
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T is provided with bearings T.T engaged 
at the upper side by balls U. held on the 
corresponding heads N. N. and N. N. re 
Spectively, as will be readily understood by 

5 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 ID so that when 

10 the latter makes two revolutions 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 

15 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 

20 by the action of cams Q. and Q on balls, 
P. P., P8, of the corresponding heads N. N. 
N. N. it being understood that the balls are 
held in contact with the peripheral faces of 
the cams Q and Q by the action of the 

25 springs (). It will be noticed that when the 
engine is running the crank shaft ID 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 

30 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 
piston E however, traveling ahead of the 
piston E owing to the wrist pin D being 

55 ahead of the wrist pin D. During the time 
the piston E is on the suction stroke, the 
valve J is closed and the valve J begins 
to open on the next return stroke of the 
piston E to cause the products of com 

40 bustion to escape from the cylinder C. 
During the next return stroke of the pisto: 
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 45 -- 

W, and on the following return stroke the 
valve J is opened to allow escape of the prod shaft, one for opening the admission valve ucts of combustion from the cylinder B. 

. It will be seen that in the four cycle eight 
50 cylinder 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 

55 construction of engines of this type. Generally speaking, inexplosion 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 

80 number of cylinders in order that th' explo 
sions will occur at regular intervals, i.e., in a four or eight-cylinder engine this angle 
is of 90°, in a six or twelve cylinder engine, 
60° and so on. : . . . . . 65. By the arrangement 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 cylinders 70 
are displaced from each other about the axis 
of the engine shaft by an angle which is 
equal to the difference between the angle 
which the cylinders of each pair should com 
prise according to the above stated rule, and 75 
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. 80 
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 85. 
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°. 90 
In the same way a six or twelve cylinder 

engine may be constructed 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 95 
each other by an angle which added to the angle comprised between the cylinders 
give 60°. . N 
Having thus described my invention, I 

claim 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 pins one ahead of the 
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 while the exhaust valve of the first 
cylinder is closed. 

2. 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, a bracket connecting 
the chests of a pair of cylinders with 25 
other, a crankshaft journaled in the cran case, pistons reciprocating in the said cylin 
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, splings connecting 
oppositely disposed heads with each other, 
and a cam shaft intermediate the opposite 
falve 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 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, 
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 conn 
bustion engine comprising the combination 
of a plurality of pairs of cylinders having 
the cylinders of each pair displaced angul 
larly about the axis of the engine shaft by 
an angle which is smallel than the number 
of circumferences in which a cycle of the 
engine is completed divided by the number 
of cylindel's in the engine, an integral crank 
shaft having a plurality of crank-arms, one 
for each pair of cylinders, arranged at equal 
intervals 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 by an angle 
which together with the angle of displace 
ment of the cylinders of each pair equals 
'an angle not exceeding 90 and correspond 
ing to the number of circumferences. in 
which a cycle of the engine, is completed 
divided by the number of cylinders, pistons 
in the cylinders and connecting rods con 
necting the pistons to the wrist-pins. 

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

bustion engine comprising the combination 
of a plurality of pair's of cylinders having 
the cylindel's of each pair displaced angll 
larly about the axis of the engine shaft ly 
an angle which is smaller than the numbel' 
of circumferences in which a cycle of the 
engine is completed divided by the number 
of cylinders in the engine, an integral clank 
shaft having a crank-arm for each pail of 
cylinders and having each crank-arm pro 
vided with two wrist-pins which are dis 
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 the 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 disposed 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, 
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and a crank shaft having a set of crank pins for each set of cylinders, the crankpins 
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 cylinders in the engine, an integral crank 
shaft having a single integral crank-arm 
for each pair of cylinders 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 he 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 the cylindel's 
and connecting rods connecting the pistons 
to the wrist-pins. 

In testimony whereof I affix my signature, 
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