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This invention relates to internal combus-
tion engines, especially those using the
heavier hydrocarbon fuel oils and commonly
Imown as Diesel or Diesel-type engines.

& More specifically it relates to apparatus for
effecting starting of such engines.

One object of the invention 1s to arrange
a four cycle Diesel engine to start on 2 two
cycle basis. Another object is to facilitate

10 the change from starting to combustion op-
eration by providing for a part of the en-
oine to operate on the combustion cycle dur-
ing the starting period. Amnother object 1s to
effoct the change between starting and run-

15 ning control without moving the main cam
shatt and without moving any of the cams on
the said shaft. Still another object 1s to s1m-
plify, improve and cheapen the cost of start-
ing apparatus without impairing its efficiency

20 ‘n order that more expeditious and conven-
ient starting apparatus may be available.
Further objects will be apparent from the
detailed description which follows. .

The invention provides for the utilization

25 of only a part of a Diesel engine for starting
while the remainder remains unchanged.
Thus some of the cylinders may be adapted
to use a starting fluid such as compressed, alr
and to operate on the two-cycle principle

30 while the remaining cylinders operate at all
tHimes as a combustion engine on the four-
cyele principle. The control may be effect-
ed by means of cams on a separate control

~shaft acting upon special control levers

35 mounted upon the usual valve mechanism.
The control levers may be pivotally mounted
upon the push rod cam levers and carry roil-
ers arranged for operative engagement with

40 and disengagement from additional cams on

Y the cam shaft. Axial displacement of the cam,
shaft or of any cams thereon, which 1s the

usual practice, is entirely avoided.

In order to illustrate the invention one

45 concrete embodiment thereof is shown in the

accompanying drawings, in which: |
Fig. 1 is a side elevational view partly

broken away of a Diesel engine;
Fig. 2 is a fragmentary top plan view on an

50 enlarged scale of the control levers and cam

rollers which are operated from the control

shaft; _' D '
Fig. 8 is a detail sectional view substantial-

ly on the line 3—3 of Fig. 2 but disclosing the

associated parts of the engine shown In

o
Fig. 1:

[ig. 4 is a detail sectional view similar to

‘Tig. 3 but taken substantially on the line 4—4

of Fig. 2;

Figs. 5 and 6 are detail sectional views
similar to Figs. 3 and 4 but taken from op-
posite sides of the lines 5, 6—5, 6 of Fig. 2;
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‘Figs. 7, 8, 9 and 10 are detail sectional
views conforming to Figs. 3, 4, 5 and 6 re-

spectively, but showing the position of the
parts when the engine 1s Tunning;

Fig. 11 is a fragmentary and elevational
view of the manual operating handle of the
control shaft, the view bein
stantially on the line 11—11 ot I1g. 1.

The embodiment of the invention chosen
for the purpose of illustration discloses in

Fig. 1 a multi-cylinder internal-combustion

engine A of the Diesel type. ‘While the num-
ber of cylinders in the engine may be varied,

the present engine has four cylinders a, @’
¢?, and «*. Each cylinder is provided with
an inlet valve 2 and an exhaust valve v, and
at least a part of the cylinders have air start-
ing valves z. The valves of the engine are
operated in accordance with the usual prac-
tice by push rods 12 for the inlet valves ,
18 for the exhaust valves %, and 14 for the
air starting valves 2. - '
The present engine has starting apparatus
applied only to a portion of the cylinders,
namely ¢ and ¢, and in starting the engine
these two cylinders are arranged to operate
on the two-cycle principle while the engine 1n

its running condition operates on four cycles.
By arranging cylinders ¢ and ¢’ to operate on

two cycles in starting, the same number of

power impulses for turning the engine over

are secured as if all four cylinders were used
for starting on the four-cycle principle with

the added advantage that cylinders a® and ¢,

which are not equipped for air starting, op-

 erate at all times as internal combustion cyl-

taken sub-
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inders on the four-cycle principle. This fa-

cilitates the transition f_rom starti_ng' to run-
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ning condition since cylinders a2 and ¢ are
placed In running condition before cylinders
¢ and o’ are changed over from two cycle
starting to four cycle running.

The manner of controlling the starting and
running conditions of the engine will now be
described, reference being had to the cut-
away portion of Fig. 1 and to the enlarged
detall views of Figs. 2-10 inclusive. Since
the operation of engines of the Diesel type 1s
well known, description in relation to cylin-
ders o* and ¢® is entirely omitted and since
the control of cylinders ¢ and &’ is the same,
the detailed description and disclosure is con-
ined to the control of but one of these cylin-
ders. As is the usual practice the push rods
12,13 and 14 are actuated by cam levers P1V-
oted to brackets & on engine frame ¢, the cam
levers for inlet valves z being indicated at
12a¢ 1n Figs. 1, 8 and 7; the cam levers for
exhaust valves % being indicated at 182 in

Figs. 1, 5, 6, 9 and 10; the cam levers for

starting rods 14, indicated at 14a, in Figs. 1,
4 and 8. Cams for operating the cam levers
(as well as the control levers presently to be
described) are mounted upon a cam shaft d
(F1gs. 1 and 3-10 inclusive). The exhaust
cam levers have mounted directly thereon a
roller 137 (I'igs. 2, 5, 6, 9 and 10) which nor-
mally engages the exhaust cam 18s.
IThe cam lever for each push rod is pro-
vided with one or more control levers pivoted
thereto, these control levers being disclosed

. 11 their relative positions apart from the cam

levers in Fig. 2. Inlet cam lever 12¢ (Figs.
3 and 7) has a single control lever 125 hav-
g a roller 12¢ disposed beneath the central
portion of the cam lever and having an axial

. extension 124 extending beyond the lever

with angular arms 12¢, the extension and the
arms being arranged to engage the central
cam portion and the side guide portions re-
spectively, of a control cam 12 on manual
control shaft 15. The position of control
cam 12m determines whether roller 12¢ shall
be 1n engagement or not with the inlet cam
12s on cam shaft d.

Starting cam lever 14a (Figs. 4 and 8) also
has a single control lever 145 pivoted fhere-
to and provided beneath the central portion
ot the cam lever with a roller 14¢ and at its
opposite end with an extension 14d and two
angular arms 14e, the extension and the arms
being arranged to engage the control cam
portions and the side guide portions respec-

tively of a control cam 14m on manual con-

trol shaft 15. The position of the cam deter-
mines whether roller 14¢ shall engage start-
ing cam 14s on cam shaft d.

Exhaust cam lever 13a, however, has two
control levers 135 (Figs. 2, 5 and 9) and 1327
(Figs. 2,6 and 10), these control levers utiliz-

1ng the shaft of roller 13» on cam lever 134

as a pivot, as clearly indicated in Fig. 2.
Control levers 135 and 132” respectively have
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at the ends thereof and disposed beneath the
central portion of the cam lever rollers 13¢
and 13¢” and at their outer ends extensions
13¢ and 13d” with angular arms 13¢ and 13¢’,
the extensions and the arms being arranged
to engage the cam portions and the side
guide portions respectively of control cams
1om and 13m” on control shaft 15, the POsi-
tions of these cams determining whether or
not rollers 18¢ and 13¢” engage cooperating
exhaust cams 13¢ and 134 which flank the
exhaust cam 13s on cam shaft d.

The guide portions of each of control cams
12m, 14m, 13m and 13m” on control shaft 15
act on the engaging angular arms 12¢, 14e,
13¢ and 13¢” respectively to maintain control
levers 120, 140, 180 and 180’ in their Inopera-
tive positions but have flats in suitable rela-
tion (Figs. 3-10) to the cam portions to en-
able the latter to act on the extensions 12d,
14d, 13d and 18d’ and move the contro] le-
vers to their operative positions.

It 1s to be noted that the inlet valves
ated by rods 12 are to be actuated only when
the engine functions as an internal combus-
tion engine on four cycles. Hence, the oper-
ating cam 12s on cam shaft d has but one
111t since cam shaft ¢, in accordance with the
usual practice, rotates at half the speed of the
engine shaft. Similarly in the normal oper-
ation of the engine as an internal combustion
engine, the exhaust valves are operated
through the engagement of roller 13r with
exhaust cam 13s, which also has a single 11ft
for four-cycle operation. For two-cycle op-
eration of cylinders ¢ and ¢’ in starting the
air inlet valves operated by rods 14 need to
be opened once during each revolution of the
engine; hence, the air starting cam 14s (Figs.
4 and 8) has two lifts. It will also be neces-
sary tor two-cycle operation that the exhaust
valves of cylinders ¢ and &’ be opened once
during each revolution; hence, the addition-
al exhaust cams 13¢ and 18# on cam shaft d,
which are in line to be sumultaneously en-
gaged by control lever rollers 13¢ and 13¢’
respectively. The angular position of cams
13¢ and 132’ relative to cam 135 conforms to
the relative positions of rollers 13¢ and 13¢7
relative to roller 187 and is such as to make
the lifts of the exhaust valve 180° apart. The
purpose of the two exhaust confrol levers
136 and 130’ is to give a balanced thrust to
exhaust lever 18¢ and to avoid any binding
effect on the latter which micht result from
an offside thrust if only one contro! lever
were used. .

The manual operation of control shaft 15
i1s effected by turning a hand wheel 154 pro-
vided with handle 155 (Figs. 1 and 11). The
direction of rotation of control shaft 15 from
the start to stop position is indicated by the
arrows adjacent thereto in Figs. 8 to 11 in-
clusive while the direction of rotation of cam
shatt d is also indicated by the arrows adja-
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cent thereto in Figs. 8-10 inclusive. On
turning hand wheel 15¢ to the start position,
the parts take the position shown in Figs.
9-6 inclusive wherein the inlet cam lever 12a
is arranged to remain motionless through the
action of cam 12m on the control shait 15 en-
cacing arm 12¢ of control lever 126 to move
roller 12¢ out of operative relation with inlet
cam192soncamshaftd. At the same time cam
14m on control shaft 15 operates to move and
hold control lever 140 in the positionshownin
Fig. 4 with roller 14¢ in operative contact
with cam 14s so that cam lever 14« is actuated
to operate the starting valve twice during
sach revolution of cam shaft d. In a similar
manner cams 137, and 13m” on cam shaft 15
engage extensions 134 and 13d" on control
levers 130 and 18’ to hold the latter in oper-
ative engagement with cams 13¢ and 13¢” as
shown in Figs. 5 and 6 so that the exhaust
valves on cylinders @ and &’ are actuated
twice during each revolution of cam shatt ¢
to cause these cylinders to operate on the
two-cycle prineciple.

As soon as eylinders a2 and a® have started
to fire. hand wheel 15¢ is turned to the “run”
position which brings the parts into the
positions shown in Figs. 7-10 inclusive
wherein cam 12 on control shaft 15 engages
the extension 12d of control lever 126 In a
manner to bring the same into operative en-
oagement with inlet cam 12s. At the same
time cam 14m operates to throw control
lever 145 to inoperative position out of en-
ongement with cam 14s so that the air start-
ing valves are no longer operated. Similarly,
cams 13m and 13m/ operate to throw control
levers 180 and 1307 to inoperative position,
as indicated in Figs. 9 and 10, so that cam
185 alone of the three exhaust cams, 13¢, 13s
and 18¢#/, actuates cam lever 13a through
roller 137 thereby effecting one opening ot
the exhaust valve in each revolution of the
cam shaft which is four cycle operation.
When hand wheel 15a is moved to stop posi-
tion a cam 16 on control shaft 15 (Kigs. 3, 6,
0-10) directly engages an extension 15v on
exhaust cam lever 13a thereby holding open
all the exhaust valves so the engine cannot
operate.

From the above it will be apparent that
the utilization of half the cylinders of a

mulsi-cylinder four-cycle engine for air start-

ing on the two-cycle principle gives the same
number of
starting by enabling the four-cycle cylinders
to start to run on fuel before the starting
vlinders are thrown out of operation;
that this arrangement makes a smoother
change from air operation to fuel oper-
ation with the added advantage of an
cconomical use of air to start the engine;
that a lower starting air pressure may be
utilized through the quicker starting of
the engine on fuel ; that this starting arrange-

power strokes and facilitates

ment avoids the use of additional machine

parts on the cylinders not used for starting

thereby making the engine less expensive,
and that the utilization of control levers on
the cam levers permits engagement and dis-
engagement of the rollers with the cams with-
out shifting the cam shaft or moving the
cams on the shaft, thereby producing a
simpler and stronger construction. -

While the invention has been herein dis-
closed in what is now considered to be a pre-
ferred form, it is to be understood that the
invention is not limited to the specific details
thereof, but covers all changes, modifications
and adaptations within the scope of the
appended claims. - '

I claim as my invention:

1. In combination, an internal-combustion
engine having valves, a cam shaft, means
interposed between said shaft and said valves
for transmitting the cam impulses to said
valves including cam levers, members mov-
ably mounted upon said levers for engage-
ment with or disengagement from said shait,
angularly disposed arms in rigid fixed rela-
tion on each of said control levers, and a
control shaft independent of said cam levers

ative position relative to said cam shaft re-
oardless of any normal movement of said cam
levers. | - -

9. In combination, an internal-combustion
engine having valves, a cam shaft having
cams for operating said valves both for
starting and for running, connections to said

valves 1nciuding cam levers, members hav-

ing cam engaging rollers movably mounted
on said cam levers, and means apart from

said cam shaft and independent of said cam

levers for adjusting said members to dispose
said rollers either in or out of engagement
with the cams on said shaft thereby to control
the operation of said engine, said members
having angularly disposed arms remote from
said rollers for engaging said means.

3. In combination an internal-combustion
engine having valves, a cam shaft having

cams for operating said valves both for start-

ing and for running, connections to said

valves including cam levers, members having
cam engaging rollers movably mounted on

said cam levers, and a control shaft wholly
independent of said cam shaft for adjusting
said members, each of said members having
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having cams for engaging said arms to hold
said control levers in operative or 1n 1noper-
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means engaging said control shaft tangen-

tially at at least two angularly spaced points.
4. Tn combination, an internal combustion

‘engine having valves, a cam shaft having

cams Tor operating said valves both tor start-
ing and for running, connections to said

valves including cam levers, members having

cam engaging rollers movably mounted on
said cam levers, and a control shaft apart
from said cam shaft and said cam levers hayv-

125

130



94

1,807,457

ing cams for adjusting the position of said cam and guide portions of said control shaft.

members, each of said members having angl-

larly disposed arms engaging said control

shatt cams tangentially at spaced points.
5 9. In combination, an internal combustion
engine having valves, a cam shaft having
cams Tor operating said valves both for start-
ing and for running, connections to said
valves mncluding cam Ievers pivotally mount-
ed at one end, members pivotally mounted at
substantially their central points on said cam
levers and having at one end cam engaging
rollers, and a control shaft apart from said
cam levers and from the pivots of said levers
and irom said cam shaft but having means
for adjusting the position of said members,
each of said members having angularly dis-
posed arms at the ends remote from said
rollers for engaging said control shaft tan-
gentially at spaced points. |

6. In combination, an internal combustion
engine having valves, a cam shaft having
cams for operating said valves both for start-
g and for running, cam levers prvotally
mounted at one end having valve operating
means at the other end and intermediate
means for engaging said cam shaft, said in-
termediate means comprising members pivot-
aily mounted at substantially their central
portions on said cam levers and having at
one end rollers for engagement with said cam
shaft, and a control shaft apart from said
cam shaft and adjacent the free or valve
actuating ends of said cam levers, said con-
trol shaft having cam and guide portions for
adjusting the position of said members, each
of said members having an extension at the
ends remote from said rollers with angularly
disposed arms engaging both the cam and
guide portions of said control shaft.

7. In combination, an internal combustion
engine having valves, a cam shaft having
cams for operating said valves both for start-
ing and for running, cam levers pivotally
mounted at one end having valve operating
means at the other end and intermediate
means tor engaging said cam shaft, said
intermediate means comprising members
pivotally mounted at substantially their
central portions on said cam levers and hav-
g at one end rollers for engagement with
said cam shaft, and a control shaft apart
from said cam shaft and adjacent the free
or valve actuating ends of said cam levers,
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sald control shaft having cam portions and

gude portions adjacent said cam portions
with flats in a definite relation to the pro-
jections on said cam portions for
the position of said members, each of said
members having an extension at the ends
remote from said rollers with angunlarly dis-
posed arms corresponding to the angular re-
lation of said flats and cam projections on
sald control shaft and engaging both the
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Signed by me at Franklin, in the county
of Venango and State of Penn. this 294 day
of August, 1928, '
NIELS E. WERNBERG.
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CERTIFICATE OF CORRECGTION.
Patcnt No. 1,897, 457, February 14, 1933.

NIELS E. WERNBERG.

[t is hereby certified that error appears in the printed specification of the
atove numbered patent requiring correction as follows: Page 1, line 83, after
".pparatus’ insert the words "including valves z; and that the said Letters Pat-
et should be read with this correction therein that the same may conform to the

record of the case in the Pateat Office.
Signed and sealed this 25th day of April, A. D. 1933.

M. J. Moaore,
(Seal) Acting Commissioner of Patents.
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