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To all whom it pn(ty concern: 
Be it, known that I, ARTHUR HOLMES, a 

citizen of the United States of America, 
and resident of Syracuse, in the county of 
Onondaga, in the State of New York, have 
invented new and useful Improvements in 
Internal-Conibustion Engines, of which the 
following, taken in connection with the ac 
companying drawings, is a full, clear, and 

10 exact description. 
This invention relates to certain improve 

ments in internal combustion engines lav 
ing the valves located in the cylinder head 
and has perhaps more specific application to 

15 the valve operating lechanish) and asso 
ciated parts for actuating the valves. 
The primary object of the invention is to 

produce an efficient valve-operating mech 
anisin which shall automatically compensate 

20 for changes in valve clearance and valve 
tinning resulting from non-uniform expan 
sion of the cylinder and other parts due to 
unequal variation in the tehperature to 
which said arts are suijected uncle oper 

25 ating coaditions. 
It has been custon lay to so for a the cyl 

5 

inter head that a line connecting the centers - 
of the valves lies in parallelism with the 
an shaft adapted to actuate the lifter 'ods 

30 under which circumstances the waive pas 
sages leading to the siction and exhaust 
yokes have utilize substantially the entire 
expanse of the cylinder head. Otherwise it 
was either necessary to l'évide two can 
shafts, one fol' actitating each y’aiye, {}i else 
it single ca: sha i? was located join the op 
if the cylinder and drives from the engine 
base. These two atter solutions are alike 
complicated and somewhat expensive and in 
volve the use of an increased number of 
parts. 
The valve mechanism of this invention 

not alone substantially prevents any change 
in valve clearance and valve timing blit 

45 permits the valves to be placed laterally of 
the cylinder in such position that the line 
connecting their centers lies substantially 
perpendicular to the axis of the actuating 
camshaft. With this construction the 7alves 

50 are adjacent the suction and exhalls yokes 
giving a freer and shorter passage for the 

3 5 
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gas and increasing the efficiency of the en 
gine. With this construction the valve op 
erating mechanism is of such a character 
that the Walking beams for operating the 55 
valves are both actuated from a unitary cam 
shaft. w 

Further, this valve mechanism and the 
positioning of the valves laterally of the 
cylinder permits the cylinder head to be in- 60 
clined downwardly and laterally from its 
central portion forming plane portions dis 
posed at an angle to each other and con 
verging upwardly. With this construction 
the valves lie at an angle to the horizontal 65 
plane and have their seats in the oppositely 
inclined walls of the cylinder head thus 
permitting the use of a materially larger 
alve. For instance, with a 30° angle of in 

clination to the horizontal, the valves can 70 
be made 40% larger than when the suction 
and exhaust ports are formed in a substan 
tially horizontal upper wall. This a jows 
better operation with regard to the incca 

greatei' 75 ing and outgoing gas effecting a g 
Se: Venging of the cylindel and increasing 
the efficiency of the engine. 

Filrther, this valve mechanism and posi 
tioning of the valves makes the design of 
the cylinder head much simpler and leaves 30 
a considerable portion of the cylinder head 
linoi)structed permitting the use of a re 
novable cylinder head which is a great ad 
\ antage in construction and in the ease and 
rapidity with which the cylinder may be 85 
cared for and allows easy accessibility for 
cleaning and grinding the waives. 

(Other objects and advantages will appear 
from the following description taken in coin 
lection with the accompanying drawings in 90 
which 

Figure is a top plan view of an enbodi 
ment of this invention. 

Fig. 2 is a side elevation of a portion of 
the same. 95 

Fig. 3 is a Section taken on line 3-3, 
Fig. 2. 

Fig. 4 is 
Fig. 1. 

Fig. 5 is a 
Fig. 2. -- " " -- 

The invention, as shown, comprises a suit 

section taken on iiie 4-4, 

section taken on line 5-5, l08 
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able base -1-- upon which cylinder-2- 
is mounted, the cylinder-2-being formed 
with a removable head -3- secured to the 
body of the cylinder in any suitable way, as 
by bolts - 4-. 
The cylinder head -3-is provided with 

suction and exhaust conduits -5- and 
-6- positioned at opposite sides of the 
cylinder and adjacent the suction and ex 
haust yokes, respectively. - 
The cylinder head - 3 is formed with 

inclined walls -- and -8- through 
which the conduits --5- and -6-, re 
spectively, pass, and these walls -- and 
--8- may be inclined at various angles to 
the horizontal, as desired. The greater the 
angle, the larger the valve, which can be 
used with a cylinder of predetermined dia 
meter. 

in the illustration shown, the walls ar 
inclined at angles of substantially 80° to 
the horizontal and are formed with valve 
seats surrounding the conduits -5- and 
-6-, respectively, in connection with which 
valves -9- and -10- operate to normally 
close the communication with the cylinder through the conduits. 
With walls inclinded at substantially 30 

to the horizontal, the valves -9- and 
-10-- can be made substantially 40% larger 
than would be possible with a cylinder head, 
having a flat interior surface. 
The valves -9- and -10-- are carried 

and actuated by suitable valve stems - 11 
35 

40 

55 

60 

and 12- extending through bushings 
-13-and-14- Secured in openings in the 
cylinder head. ; : . . . 

The valves are normally held in closed position by springs, -15 and -16 
mounted upon the respective valve stems 
and tensioned between the cylinder and 
washers -17- and -18-- mounted upon 
and secured to respective valve steins. 

... It will be noted that the conduits --5- and -6-- are adjacent their respective yokes 
(not shown) and constitute unobstructed direct passageways for the passage of gas. 
The valves 9-and-10- are adapted 

to be actuated by walking beams -19 and 
sb 20- - respectively both constructed in the 

form of bell-cranks and pivotally mounted 
upon pin-21- carried by a bracket-22 
secured in any suitable manner upon the cylinder.hpad, as by bolts-23 
The walking beans, -19- and -20- are 

themselves actuated to operate the valves by 
links 24-, and -25 - respectively, which 
links are if turn actuated by bell-cranks 
-26- and 27- -, respectively, reversely 
operated by lifer rods 28- and - 29 
respectively, the lifter rods being actuated 
in any is a manner, as by can shaft within the engine base. 

in the specific illustration shown, in order 
to compensate for changes in Valve clearance 

and 25- remain in practically stationary 

i814,848 

and valve timing by reason of expansion of 
the gngine cylinder as a result of high tem 
pertures generated at high speeds, one end 
of the links -24 and -25- is connected to respective walking beams and moves up 
wardly with the walking beam as the cylin der expands. 
The other end of each link is connected to 

its respective bell-crank, the bell-cranks be 
ing pivoted upon shafts -, -30- and -31-, 
respectively, mounted in housings.-32 
and 33-, respectively, which housings are 
carried by tubes -34 - and -35-, respec 
tively, secured in any suitable manner to a 
practically cold part not exposed to the high 
temperature to which the cylinder is sub 
jected so that the housings and the shafts 
-30- and -31-, the bell-cranks -26 
and -27- and one end of the links -24 

70 

75 

80 

85 position under any conditions of expansion 
of the cylinder and parts carried thereby. 
As a result of this, the valve clearance 

does not change because the links -24- and 
-25- - are of sufficient length so that the 
relatively short are through which they 
move due to cylinder expansion, is for all 
practical purposes a straight line and, there 
fore, the walking beam is not actuated by 
such movement. - 

For instance, if the links -24- and 
--25- are substantially 4' in length and 
the cylinder should expand vertically .050 
of 'an inch (which is about the maximum 
expansion), the valve clearance would be 
varied only approximately .0001 which is an entirely negligible quantity. 

It will be noted that the operation of 
bell-cranks -26- and -27- is reversed by 
pivoting one at the lower and the other at 105 
the upper portion of its respective housing 
and connecting the lifter rods to opposite 
ends of respective bell-cranks, so that link 
-24- pulls bell-crank or walking bean 
-19- to operate valve -10-, while link 110 
-25- pushes bell-crank or walking bean 
--20- to actuate the valve -9-. 

I’referably, as shown, the holisings -32 
and -33 - are each formed of two sections 
united diagonally of the housing and se- 115 
cured together in any suitable manner, as by 
bolts -36-, the shafts -30- and -31-- 
being pivotally mounted in the body sections 
of the housings to which the tubes -34 
and -35-, respectively, are secured in any 120 
suitable manner, as by brazing or the like. 
The housings --32- and -33- are pro 

vided with openings for the passage of the 
links -24- and -25- and these openings 
may be formed with surrounding recesses 125 
-37- and -3S- to receive suitable pack 
ing to prevent the escape of lubricant with 
which the housings may be packed. 

In the specific illustration shown, the tubes 
-34- and -35- are rigidly secured to base 130 
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-1-by clamp -39-adjustably secured to 
the base by bolt -10-. Any other suitable 
method, however, may be utilized for sup 
porting the housings -32 - and -33- in a 
stationary and substantially rigid condition. 
The housings may, if desired, be secured 

to the bracket -22- by a yoke -41 
formed, as for instance, of relatively thin 
sheet metal having its opposite ends secured 
to respective housings and its intermedi 
ate portion secured to the bracket, as by 
bolt - 42-. 
This yoke prevents lateral movement of 

the housings relatively to the cylinder and 
relatively to each other, but permits the ver 
tical expansive movement of the bracket and 
cylinder under high temperature conditions 
without movement of the housings, due to 
the vertical flexibility of the yoke when the cy 

sion of the cylinder in an axial direction formed of thin sheet metal. 
The placing of the valves upon an angle 

and the location of the valves and conduits 
leading therefrom at the sides of the cylinder 
adjacent the suction and exhaust yokes, re 
spectively, gives high engine efficiency, while 
permitting the use of a removable cylinder 
head of great advantage in the care and at 
tention during service. 
The valve-operating mechanism not only 

efficiently actuates the valves so positioned 
from a single cam shaft, but also prevents 
for all practical purposes any change in 
valve clearance and valve timing. 
Although I have shown and described one 

specific construction, form and arrangement 
of parts as illustrative of an embodiment of 
my invention, I do not desire to limit myself 
to the same as various changes may be made 
in the details of form, construction and ar 
rangement without departing from the spirit 
of this invention. as set forth in the ap 
pended claims. 
What, I claim is: 
1. In an apparatus of the class described a 

cylinder having an inlet port and an exhaust 
port, valves for said ports, walking beams 
for actuating the valves, relatively long 
links having one end connected to the walk 
ing beams and movable in a direction Sub 
stantially normal to the axis of the cylinder 
and mechanisms for actuating said links 
reversely to move respective valves to 
open position, said mechanisms arranged 
to actuate respective links under sub 
stantially identical conditions under varying 
temperatures to which the cylinder is sub 
jected. 

2. In an apparatus of the class described, 
a cylinder including a head formed with 
upwardly converging walls, ports extend 
ing through said walls, valves for said ports 
inclined with respee 
cylinder, valve stems carrying said valves 
and extending through the cylinder head, 
a pin mounted on the intermediate portion 

to the axis of the 

8 

of the cylinder head, bell-crank walking 
beams carried by the pin, links disposed 
substantially normally to the axis of the 
cylinder and connected to the bell-crank 
walking beams, and mechanisms each in 
cluding a bell-crank, for reciprocating said 
links, respectively, said mechanisms operat 
ing said valves under substantially identical 
conditions under varying temperatures to 
which the cylinder is subjected. 

3. In an internal combustion engine, a 
cylinder provided with a port, a valve for 
said port, a walking beam mounted on the 
cylinder for actuating said valve, a link 
for actuating the walking beam, mechanism 
including a lever for reciprocating said 
link, and means for preventing lateral 
movement of said mechanism relatively to 
the cylinder while permitting free expan 
substantially independently of the mecha 
S. 

4. In an apparatus of the class described, 
a base, a member secured to the base, a 
housing carried by the member, a bell-crank 
mounted within the housing, an actuating 
rod for operating the bell-crank, a link 
actuated by the bell-crank, a walking beam 
actuated by the link, valve mechanism 
actuated by the walking beam, and a mem 
ber connecting the housing to the cylinder 
to prevent relative lateral movement of the 
housing and cylinder while permitting free 
expansive movement of the cylinder in an 
axial direction substantially independently 
of the housing. 

5. In an internal combustion engine, a 
base, a cylinder mounted on the base, a 
port in the cylinder, a valve for said port, 
a bell-crank pivotally mounted on the cylin 
der for actuating said valve, a link dis 
posed substantially, normally to the axis 
of the cylinder and having one end con 
nected to said bell-crank, a second bell 
crank having one end connected to said 
link, a tube mounted on the base, a housing 
carried by the tube, said housing inclosing 
and pivotally carrying said second bell 
crank, and a lifter rod extending through 
said tube and adapted to actuate said second 
bell crank under substantially identical 
conditions, under varying temperatures to 
which the cylinder is subjected. 

6. In an internal combustion engine, a 
base, a cylinder mounted on the base, a port 
in the cylinder, a valve for said port, a 
bell-crank pivotally mounted on the cylinder 
for actuating said valve, a link disposed 
substantially, normally to the axis of the 
cylinder and having one end connected to 
said bell-crank, a second bell-crank having 
one end connected to said link, a lifter rod 
for actuating the other end of the second 
bell-crank, and a member mounted on said 
base and pivotally carrying said second 
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bell-crank under substantially identical con 
ditions, under varying temperatures to which 
the cylinder is subjected. 

7. In an internal combustion engine, a 
cylinder, a port in the cylinder, a valve for 
said port, a bell-crank pivotally mounted on 
the cylinder for actuating the valve, a rela 
tively long link disposed substantially nor 
inally to the axis of the cylinder connected 
to one end of the bell-crank, a second bell 
crank pivotally carried by a part of the en 
gine remaining relatively cool under high 
temperature operating conditions, said sec 
ondbell-crank having one end connected to 
said link, and a lifter rod for actuating the 
other end of said second bell-crank under substantially identical conditions under val rying temperatures to which the cylinder 

20 

25 

30 

is subjected. 
8. In an internal combustion engine, a 

cylinder having a port, a valve for said 
port, a bell-crank walking beam pivotally 
carried from the upper end of the cylinder 
and moving vertically with the upper end 
of the cylinder when the latter expands un 
der high température operating conditions, 
a link disposed substantially normally to the 
axis of the cylinder and secured to one end 
of the walking beam, a second bell-crank having a pivot remaining in substantially 
stationary condition during vertical expan 
sion of the cylinder under high tempera 

35 

45 

ture operating conditions, said second bell 
crank, having one end connected to said link 
and means for actuating the other end of 
said second bell-crank to operate the valve. 

9. In an internal combustion engine, a 
cylinder having a base, a port in the cylin 
der, a valve for said port, a bell-crank walk 
ing beam pivotally carried from the upper 
end of the cylinder and moving vertically. 
with the upper end of the cylinder when the 
cylinder expands under high temperature 
operating conditions, a relatively long link 
disposed substantially normally to the axis 
of the cylinder and secured to one end of the 
walking beam, a second bell-crank having 
a pivot carried from the base of the cylinder 
and remaining in substantially stationary 

50 condition during vertical expansion of the 
cylinder under temperature operating con 
ditions, said second bell-crank having one 

1,314,648 

end connected to said link and a lifter rod 
for actuating the other end of the second 
bell-crank under substantially identical con 
ditions under varying temperatures to which 
the cylinder is subjected. . . 

10. In an apparatus of the class described, 
a cylinder provided with a port, a valve, for 
said port, a walking beam mounted on the 
cylinder for actuating said valve, a rela 
tively long link disposed substantially nor 
mally to the axle of the cylinder and con 
nected to the walking beam for actuating the 
same and mechanism supported and ar 
ranged to actuate said link under substan 
tially identical conditions under varying 
temperaturés to which the cylinder is sub 
jected. . . 

11. In an apparatus of the class described, 
a cylinder having a base, a port in the cylin 
der, a valve for said port, a walking beam 
mounted on the cylinder for actuating said 
valve, a relatively long link disposed sub 
stantially normally to the axis of the cylin 
der and connected to the walking beam for 
actuating the same and mechanism carried 
from said cylinder base and including a piv 
oted bell-crank for actuating said link un 
der substantially identical conditions under 
varying temperatures to which the cylinder 
is subjected. . 

12. In an apparatus of the class described, a cylinder having a base, an inlet port and 
an exhaust port in said cylinder, valves for 
said ports, bell-crank walking beams for 
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actuating said valves, relatively long links - 
having one end connected to the walking 
beams and movable in a direction substan 
tially normal to the axis of the cylinder and 
mechanism for actuating said links reversely to move respective valves to open position, . 
said mechanism including pivoted bell 
cranks carried from the cylinder base and 
actuating respective links under substan 
tially identical conditions under varying temperatures to which the cylinder is sub jected. 
In witness whereof I have hereunto set 

my hand this 30th day of December 1916. 
ARTHUR HOLMES. Witnesses: 

E. A. THOMPSON, 
BERTHA. N. SwaRT. 
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