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To all whom it may concern: 
Be it known that we, ELLswoRTH. H. 

BELENAP and JoHN W. SwaRTZ, citizens of 
the United States of America, residing at, 
Detroit, in the county of Wayne and State 
of Michigan, have invented certain new and 
useful improvements in Explosive-Engines, 
of which the following is a specification, ref 
erence being had therein to the accompany ing drawings. 
In explosive engines of the multi-cylinder 

type and conventional arrangement it is 
necessary to have separate valve operating 
cans for each cylinder and cranks on the 
main shaft for each piston. . . . . . 
This inyention relates to a multi-cylinder 

explosive motor wherein the parts are so dis 
posed that each crank of the crank shaft re ceives impulse from two cylinders and where 

20 one cam operates the valves of each pair of cylinders. . 
The invention consists in the matters 

hereinafter set forth, and more particularly 
pointed out in the appended claims. 

In the drawings, Figure 1 is a view partly 
in cross section and partly in end elevation 
of a motor that embodies, features of the in 
vention; Fig. 2 is a view in detail of a valve 
finger; and Fig. 3 is a sectional view on the 30 

35 

40 

45 

line a-a of Fig. i. 
As herein indicated a closed crank casing 

1. supports series of cylinders 2 disposed in 
pairs at substantially right angles to each 
other. Connecting rods 3 of each pair of 
cylinders are secured to a single crank pin 
4 of a main shaft 5 that is journaled in the 
crank case 1. A cam shaft 6 formed with 
cam projections 16 is journaled on the crank 
case between the oppositely disposed sets of 
cylinders, over an opening 7 into the crank 
case. Transverse walls 8 bridge the open 
ing and form supports for bearings for the . 
gam shaft, said walls being preferably 
formed integrai with a cover 9 which is re 
movably secured on the crank case over the said opening therein, said cover forming a 
housing for the camshaft with which the 
shaft is removed when the cover is taken off. 

50 Said cóver is also nrovided with guide aper tures in which tappet rods 10 whose inner 
ends bear against the camshaft 6 in the path 
to move spring-returned valve stem 11 to 
open bothinlet and exhaust valves of one set 
of the cam projections thereon, E. 

of cylinders. Waive stems 12 operating both 55 
inlet and exhaust valves of the companion 
set of cylinders, bear against plungers 13 
radially disposed in regard to the camshaft 
6 to reciprocate in guide apertures in the 
cover 9. The inner ends of the plungers 13 60 
bear against fingers 14 whose outer en 
larged tips 15 ride on the cam shaft in the 
plane of rotation of the cam projections 16 . . 
thereon, which cams are designed to lift the 
tappets 10 of the companion cylinders to the 65 
other side of the camshaft. The inner ends 
of the fingers 14 have transverse journals 17 
preferably formed integral with their shank . . 
portions which journals lie in bearings 
formed by registering semi-cylindrical 70 
grooves formed in the mating faces of the 
wall 19 of the casing 1, and an inwardly ex 
tending flange 20 on the cover 9, which 
flange is slotted inwardly from its down 
edge to permit the shanks of the fingers to 75 
extend therethrough, said slots formin 
guides for the fingers to prevent the latera, 
movement thereof and hold the fingers in 
alinement with their cams. The disposition 
of the cam points and of the tappet rods 10 80 
and finger ends 15 in relation to said cams 
and to each other depends upon the number 
of cylinders employed. If the motor be 
supplied with eight cylinders' as shown in 
the drawings, which it is desired to fire in 85 
series, it is obviously necessary that the inlet 
valves be opened one-eighth of a revolution 
of the camshaft apart and that the exhaust Ely be similarly operated. Accordingly 
the 
valve tappets 10 for operating one of the 
valves of one cylinder of a pair, is first 
raised by the cam point in whose plane of 
rotation it lies and then the valve finger 
operating the tappet of the corresponding 95 
valve of the companion cylinder of the pair, 
is engaged and lifted by said cam, when said 
cam has made one-eighth of a turn beyond 
its point of contact with the tappet. In a. 
motor of the four cycle type and of this con- 100 
struction having eight cylinders, the four 
cam projections for operating the eight inlet 
valves of the cylinders are obviously set one 
giri of a revolution apart, the four cams 
or the exhaust valves, being similarly ar- 105 ranged, and the cam shaft is driven from 

the crank shaft in the usual manner at one 
half the speed of said crank shaft, by two 

parts are so arranged that one of the 90 



O 

2 

2 

30 

35 

40 

45 

50 

55 

60 

6 

5 

0 

5 

2 

to-one gears 18 indicated in dotted lines in 
Fig. 1. The employment of any other num 
ber of cylinders, necessitates a correspond 
ing spacing of the tappets of one cylinder of 
each pair from the contact ends of the fin 
gers of the other cylinder of the pair. 
The splash system of lubrication is used 

and the lubricant stored in the bottom of 
the casing is thrown by the cranks through 
the opening 7 on to the cam shaft and ad 
jacent parts thereby affording a sure and 
simple method of keeping the parts well 
oiled. One feature of this arrangement is 
the perfect balance obtainable as any num 
ber of cylinders may be connected with the 
crank shaft and fired in proper timed rela 
tion by proper arrangement of the cams, 
tappets and lever fingers. Another feature 
is the simplicity of the valve mechanism 
wherein one cam operates like valves of a 
pair of cylinders. Another advantage is 
the coupling of the pistons of a pair of cyl 
inders to a single crank pin whereby the 
weight and number of oscillating parts is 
reduced. Inasmuch as the camshaft and 
housing may be bodily removed, the shaft 
together with adjacent parts may be easily 
inspected or replaced i needed. The dis 
position of the fingers with their elongated 
journals insures proper action as they can 
not shift laterally and the bearing surfaces 
are so large in respect to the movement, that 
they are held constantly in alinement with 
their cams. Obviously, changes in the details of con 
struction may be varied without departing 
from the spirit of the invention. 
We claim as our inventlon. 
1. A multi-cylinder explosive engine com 

prising a base, a plurality of cylinderson 
the base arranged in pairs and the cylin 
ders of each pair disposed in angular rela 
tion to each other, a crank shaft journaled 
in the base having a single crank for each 
pair of cylinders, a camshaft journaled on 
the base parallel to the crank shaft between 
the cylinders of each pair, a cam on the 
shaft for each pair of cylinders, a cover de 
tachably secured on the base over the crank 
shaft and provided with radially disposed 
guide apertures parallel to the respective 
axes of the cylinders of each pair of cylin 
ders, a tappet rod for one cylinder of each 
pair adapted to be reciprocated in one of 
said guide apertures by direct contact with 
the cam, a plunger for the companion cylin der of each pair adapted to be reciprocated 
in the companion guide aperture of the 
cover, and a finger for each pair of cylinders 
journaled at its inner end between the cas 
ing and cover and bearing at its outer end 
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on the camshaft in the plane of rotation of 
the cam and arranged to lift the plunger. 

2. A multi-cylinder explosive engine com 
prising a base, a plurality of cylinders on 
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the base arranged in pairs and the cylinders 
of each pair disposed in angular relation to 
each other, a crank shaft in the base having a single crank for each pair of cylinders, a 
cam shaft journaled on the casing between 
the cylinders of the pairs parallel to the 
shaft, a cam on the camshaft for each pair 
of cylinders, a cover detachably secured on 
the casing over the cam shaft and provided 
with guide apertures each substantially par 
allel to the axis of each cylinder in the A. 
of rotation of a cam, a finger whose inner 
end is journaled in mating half bearings 
formed in the meeting faces of the cover 
and base and whose outer end bears on the 
camshaft in the plane of rotation of a cam, 
a valve tappet rod for one cylinder of each 
pair reciprocable in a guide aperture of the 
cover, and a plunger for a companion cyl 
inder reciprocable in the companion guide 
aperture of the cover with its inner end rest 
ing on a finger between the ends thereof. 3. A multi-cylinder explosive engine com 
prising a base, a plurality of cylinders on 
the base arranged in pairs and the cylinders 
of each pair disposed in angular relation to 
each other, a crank shaft in the base having 
a single crank for each pair of cylinders, a 
cam shaft journaled on the casing between 
the cylinders of the pairs parallel to the 
shaft, a cam on the shaft for each pair of 
cylinders, a cover detachably secured on the 
casing over the shaft and provided with 
guide apertures each substantially parallel 
to the axis of an adjacent cylinder in the 
plane of rotation of a cam, a finger whose 
inner end is journaled in mating half bear 
ings formed in the meeting faces of the 
cover and base and whose outer end bears on 
the cam shaft in the plane of rotation of a 
cam, a valve tappet rod for one cylinder of 
each pair, reciprocable in a guide aperture 
of the cover, and a plunger for a companion 
cylinder reciprocable in the companion 
guide aperture of the cover with its inner 
end resting on a finger between the ends 
thereof, the base being apertured adjacent 
the cam shaft. 

4. In a multi-cylinder explosive engine, a 
base, a crank shaft journaled therein, a pair 
of cylinders secured thereon in angular re 
lation to each other, a cam shaft journaled 
on the base between the adjacent portions of 
the cylinders parallel to the crank shaft, a 
single crank on the crank shaft for a pair 
of cylinders, a cover detachably secured on 
the casing over the crankshaft and provided 
with guide apertures each substantially par 
allel to a cylinder, a cam on the camshaft, 
a tappet rod for one cylinder reciprocable 
in the guide aperture of the cover with its 
inner end bearing against the cam shaft in 
the plane of rotation of the cam, a finger os 
ciliatory in the cover in the plane of rota 
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tion of the cam provided with journals at 130 
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its inner end lying in mating half bearings 
formed in the meeting faces of the base and 
cover and adapted to bear at its outer end 
or the cam shaft in the path of motion of 
the cam, and, a plunger for the companion 
cylinder reciprocable in a guide aperture of 
tie cover with its inner end resting on the 
finger between the ends thereof. 

In testimony whereof we affix our signa 
tures in presence of two witnesses. 

ELLSWORTH. H. BELKNAP. 
JOHN W. SWARTZ. 

Witnesses: 
ANNA. M. DoRR, 
OTTo F. BARTHEL. 


