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1o all whom it may concern: ‘

Be it known that I, Groree C. JAcKMAN,
a citizen of the United -States, residing at
Spokane, in the county of Spokane and
State of Washington, ﬁave' invented new
and useful Improvements in Combined Ex-
plosion and Steam Engine Mechanism, of
which the following is a specification.

This invention relates to improvements
in power plants and has to do with a com-
bined steam and explosion engine mech-
anism, together with a boiler, the explosion
engine being associated with the boiler in
a manner to generate steam therein for use
in the steam engine, and both of said en-
gines being capable of being coupled up
with a single drive shaft whereby either or
both of said engines may be utilized for
transmitting drive to said shaft. L

My invention is more particularly adapt-
ed for use in connection with a motor ve-
hicle or a boat but it will be understood that
the invention is not limited to these par-
ticular utilities.

Tt is a feature of this invention to employ -

the explosion engine to start and run the
boat, motor vehicle or other device and
maintain such device in operation until the
heat generated by the explosion engine has
heen sufficient to obtain a head of steam in
the boiler sufficient to operate the steam en-
gine. Thereafter, the steam engine will be
employed to operate or run the device be-
cause the steam engine can be run more
economically than the explosion engine.
The steam engine will be operated until the
steam in the boiler decreases beyond a pre-
determined point of pressure, whereupon
the explosion engine will again be em-
ployed. Under certain conditions, the ex-
plosion and steam engines may be simul-
taneously employed especially where the ve-
hicle is running up grade or where the boat
might be running against a swift current,
this duplication of power being employed
not only to keep up an effective head of
stesim but also to cause one engine to sup-
plement the other, in the transmission of
power. However, under all ordinary con-
ditions, the steam engine will be capable of
transmitting sufficient power to operate the
device, Therefore, simultaneous operation
of hoth engines would rarely be' necessary

unless a continuous source of steam genera-
tion was desirable.

A feature of this invention which has a
sequential and practically necessary exist-
ence, in view of this relation of the steam

-with the explosion engines, consists in means
~which is preferably automatic, and which

functions to throw out of operation the ex-
plosion engine when the latter has gener-

ated a sufficient pressure of steam in the-

boiler to operate the steam engine, and con-
versely; the said automatic means also func-

“tions to cut out the steam engine and cut in
“the explosion engine when the steam in the

boiler decreases beyond or below a prede-
termined pressure. . In the most preferred
embodiment of my invention, this automatic
means is largely controlled by pressure in
the boiler. -

I preferably employ clutch mechanism of
a novel form, in combination with the ex-
plosion and steam :engines, such clutch
mechanism being automatically operated to
cut in one engine and cut out the other en-
gine, or vice versa, whereby either engine
will transmit drive to the drive shaft, a

further feature being a manually operable

device whereby when one of the engines has
been clutched into drive and the other un-
clutched from drive, said unclutched engine
may be clutched or thrown into drive to
supplement the action of the running engine.

My invention has many other features and
objects of novelty which will be more fully
described in connection with the accom-
panying drawings and which will be more
particularly pointed out in and by the ap-
pended claims.

In the drawings:—

Figure 1 is a plan view, with parts in ele-
vation and parts in section showing one
embodiment of my improved combined ex-

plosion and steam engine mechanism.

TFig. 2, is a view in side elevation there-

‘of, with parts in section and parts in ele-

vation.

Fig. 3 is sectional view showing projec-
tion of one of the explosion engine cylinders
into the boiler for radiation of the heat
from said explosion cylinder into the water
of the boiler for the purposes of generating
steam. ,
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similar parts throughout the different fig-
ures of the drawings. o

As illustrated, 1 designates the main or
explosion engine drive shaft from which
drive is transmitted to the change gear
mechanism and differential, to the rear axle
sections, the change speed mechanism and
the differential not being shown because
these parts do not form a feature of my
present invention. The said main drive
shaft is shown journaled in a bearing, which
may be mounted on any suitable frame
structure 3. Said main: drive shaft L ex-
tends through clutch mechanism, one entity
being indicated at 4, and being termed the
explosion engine clutch, and the other being
indicated at 5, and being termed- the steam
engine clutch. The numerals 4 and 5 desig-
nate the female members of the clutch enti-
ties, the male members being designated at
6 and 7 and being connected to be movable
To the male members are shown
journaled at 8 and 9 suitable toggle levers
10 and 11, the remaining ends of which, as
indicated at 12 and 18, are operatively asso-
ciated with hub flanges 14 and 15, of a hub
16, the latter being splined or keyed, or oth-
erwise non-rotatively connected but longi-
tudinally movable in opposite directions
upon the main drive shaft 1.

It will be noted that both of the female
members 4 and 5; of the clutch entity, are
loosely mounted upon shaft 1.” An operat-
ing lever 17 is suitably connected with the
hub 16 so as to shift the latter in opposite
directions, and said lever’ 17 is pivotally
mounted at 18 to a suitable bracket 19. The
remaining end 20 of said léver is pivotally
united with an automatically acting engine
changing mechanism which will hereinafter
be more fully described.

An explosion engine shaft 21 is disposed
in co-axial or alined relation with the main
shaft 1 and is keyed to the female clutch
member 4, as indicated at 22. -

The crank case of the explosion engine is
indicated at 23, the same having a flange 24.
The cylinders of the explosion engines are
indicated at 25, 26, 27 and 28." Tt will be
noted that the boiler extends downwardly
about the cylinders, as illustrated in Fig. 3,
thereby disposing the cylinders interiorly of
the boiler. If desired, the crank case may
be terminated at the bottoms of the cylin-
ders and the cylinders may be jacketed as
indicated at 29, the jacket 29 terminating
in the flange 24. The boiler portion 30 ter-
minates in a flange 31, which may be secured
by bolts 32. :

At this point, applicant desires.to assert a
very important feature of the invention,
namely, that the cylinders of the explosion
engine are sufficiently housed by the boiler
so that all of the heat of the explosion en-
gine cylinders will be absorbed by the water
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in the boiler. Ordinarily, the explosion en-
gine’s cylinders of a motor vehicle are heat-
ed to such a high temperature that it is
necessary to provide for some kind of cooling
action. Otherwise, the cylinders of the ex-
plosion engine would be heated to such a
temperature that the lubricant would fail to
act. Tt has been estimated that no lubricant
will be effective beyond 600 degrees F. Now
in accordance with my invention, the cylin-
ders of the explosion engine will be sur-
rounded by the water in the boiler. - There-
fore, the heat from: the: cylinders of the ex-
plosion éngine will be taken up by the water
in the boiler.  Therefore, applicant is prac-
tically assured that the temperature in the
explosion engine c¢ylinders will never reach

‘o temperature beyond which' the Iubricant

for pistons would be effective. Tt will be
understood: that the pre-determined steam
pressure ‘at which the steam engine will be
automatically rendered -operative; will be
less than that temperature which would
cause the Iubricant in the explosion engine
to become ineffective. *Tt will also be seen
that after the steam engine has been clutched
in, and the explosion enginé ceases to oper-
ate, there will be a considerable amount of
residue heat transmitted from the explosion
engine’ applied to the water in the boiler,
which residue heat will tend to- keep up
steam pressure; '

" Thus it will be seen that even after the
explosion engine has heated the water in the
boiler to such an extent as to generate the
pre-determined amount of steam for opera-
tion of the steam engine, the explosion en-
gine will ‘continue, for some considerable
time, to deliver supplemental or additional
heat to the water, which will be effective in
the further generation of steam. Tt is not
necessary that I should specifically set forth
the steam pressure in the boiler at which a
steam. engine should be operative, this
steam pressure, within a given pre-deter-
mined range, may vary with the kind of car
to which my invention is applied. Further-
more, the range of pre-determined high pres-
sure, at which the steam engine will be oper-
ative, and the range of pre-determined low
pressure at which the steam engine will be
thrown out of operation, is a matter of en-
gineering skill which may be safely reserved
for future practice. It is a well known fact
that an explosion engine cylinder will heat to
the extent of 2,000 degrees F. under continu-
ous operation, in the absence of a cooling sys-
tem of air or water. It is true, that in ac-
cordance with my invention the. explosion
engine cylinders can never reach 2,000 de-

grees I because the heat generated by the

explosion engine cylinders will be taken up
bv the water in the boiler substantially as
rapidly as the heat is generated by said cyl-
inder. Therefore, it will be clearly seen that
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the maximum heat to which the explosion
engine cylinders can be raised, will not be in
substantially excess of heat of the water in
the boiler. This heat will never be such as
will render the lubricant inefficient to lubri-
cate the pistons in the cylinders. While this
invention is not limited to the exact relation
of the explosion engine eylinders in the
boiler, it will be seen by reference to Fig. 3
that  the major portion of the area of each
cylinder of the explosion engine to which the
greatest heat is generated, is immersed in the
water of the boiler. TFurthermore, during
operation, the water in the boiler will al-
ways keep the explosion engine cylinders hot,
when the explosion engine is not operating,
and therefore, when the mechanism is shifted
from steam to explosion engine operation, the
explosion engine will be readily started be-
cause of the fact that its cylinders are hot.

With further reference to Fig. 8, it will
be seen that I dispose the explosion cylinder
valves 32’ and 33 inside of the boiler, casings
34 and 35, housing said valves. In order to
render the spark plugs readily accessible, the
latter are extended up through the top of
the boiler, as indicated at 86, a housing 37
serving to inclose the plugs.

With a view of further conservation. of
the explosion engine heat, I provide an ex-
haust pipe which is in the form of a coil 38,
having an outlet a#39, and the convolutions of
which coil are disposed in the boiler. There-
fore the water in the boiler will absorb prac-
tically all of the heat of the exhaust gases
and the convoluted exhaust pipe will present
a very extensive heating area to the water.
As the exhaust gases traverse the winds of
the exhaust coil, the usual exhaust puffs will
be muffled to such an extent as to render the
exhaust practically noiseless.

Before completing the description of the
shifting mechanigm whereby the explosion
engine is shifted or switched out of opera-
tion and the steam engine switched into op-
eration, and prior to a complete description
of the explesion engine portion of my im-
proved mechanism, I will take up the steam
engine portion thereof.

I have illustrated steam cylinders 39 as
being horizontally disposed with their axes
parallel with but somewhat elevated with re-
spect to the alined main shaft 1 and the ex-
plosion engine shaft 21. Each steam cylin-
der has a piston 40, the piston rod 41 extend-
ing through suitable packing glands 42 and
being provided with pitman rod 48. The
pitman rod 43 is connected with crank disks
44 mounted upon a crank shaft 45. The
crank shaft 45 is journaled in suitable bear-
ings 46, supported by longitudinal - frame
members 47. ~ The front ends of said frame
members 47 are supported in upright 48, the
upright 48 terminating in a horizontal frame
member. 49, On the crank shaft 45 are

“chest

8

mounted eccentrics 50 for operation of valve
rods 51, pivotal connection being made at
52 with valve rods 58 which are directly
connected with the valves 54 of the steam
engine cylinders, :

This much of the deseription pertaining
to the steam engine portion of the mecha-
nism has been very briefly and generally
made because I do not claim anything spe-
cifically new in the type of steam engine
shown, and so far described, the novel fea-
tures of my invention resides more particu-
larly in the interdependent reélation: of the
steam and explosion engines with respect to
each other. '

I will next describe the novel means by
which the steam from the steam engine cyl-
inders is condensed, and the manner in which
the water of condensation is returned to the
boiler.

A condensing radiator is generally indi-
cated at 553 and the same will preferably be
disposed-in the front of the car, or in such
a. position as to be air cooled sufficiently to
prevent steaming of the water of condensa-
tion. However, it will be understood that
I deem it a novel feature of my invention
to provide a condensing radiator wherein
radiation to prevent over heating is not the
primary purpose - but- wherein radiation
merely to maintain the water of condensa-
tion below the boiling point is the main
desideratum.

Iach steam cylinder will have an exhaust
56 leading therefrom and delivering steam
to the upper portion of the condensing
radiator. Leading from the lower portion
of the condensing radiator is a veturn pipe
57 which opens to and terminates at a pump
58. Pump 58 has a pump piston rod 59
which is connected at 60 with one of the pit-
man rods whereby the pump will be con-
tinuously operated, during oncration of the
steam engine. Leading from the pump 58
is a pipe 61 which delivers to the boiler.

Now: it will be clear that because of the
return system shown; that the water will be
re-used continuously and that the only loss
occuring will be through leakage and there-
fore it will not be necessary to re-fill with
water as often as would be the case if the
steam from the steam engine was exhausted
into a non-return condenser.

T do not deem it necessary to go into the

question of steam gages, safety valves and !

the usual equipment of 2 steam engine which
is now common, and such provision will in
practice be made.

Admission of steam through the valve
62 will be made thiongh pipes 63
which lead in opposite directions from a
throttle valve 64 to said. steam -chests. A
lever 65 is shown for controlling the throttle
valve and ‘a rod 66 may lead to the dash of
the motor vehicle or to any other aceépt-
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able point.. By reference to Fig. 2, it will
be seen that the throttle valve opens to the
boiler at a high point therein, in the usual
manner.

The throttle valve 64 will be opened and
closed by the shifting mechanism which I
am about to describe which functiens. auto-
matically to throw the steam: engine into
and out of operation. Of course ingress of
steam to the steam engine will be throttled
In a manner to use the steam expansively to
as great an extent as possible, and adjust-
ment of the throttle valve will, in fact, be
effected only when the mechanism is: ini-
tially started, and will thereafter probably
not require adjustment.

Reference will next be made to my novel
shifting mechanism whereby either the
steam or the explosion engines or both, may
be utilized for driving the vehicle, boat, or
other device to which my invention may be
applied.

On the crank shaft 45 is rigidly secured a
skew-gear 66 which meshes with a- skew-
pinion 67. Pinion 67 is mounted on a clutch
sleeve 68, or it may be formed integral there-
with, the clutch sleeve 68 beingloose on main
shaft 1. Clutch sleeve 68 is-rigidly seeured
to the female clutch member 5. A shifting
lever 69 is pivotally mounted at 70 and is
suitably forked, as indicated at 71, for en-
gagement with the groove 72 in sleeve 68.
Lever 69 is provided with a rod 78 which
extends to the dash or other accessible points
ot 'the vehicle.

Trrom the foregoing, it will be seen that
transmission 1s effected from the steam en-
gine, through the crank shaft 45 and the
gears and sleeve 68, to the clutch member 5.
If the male portion 16, of this clutch mecha-
nism is shifted into clutch with: member 5,
then steam engine power will be transmitted,
as just described, from clutch member 5, to
clutch member 16, the latter being keyed on
main shaft 1. If however, the clutch mem-
ber 16 is shifted into clitch with member 4,
then steam transmission will be cut out and
cluteh member 4 will transmit the explosion
engine drive from shaft 21, throueh key 22,
to clutch member 4, and from clutch member
4, to clutch member 16, and from the latter
to shaft 1. TFor purposes of identification,
clutch member 4 will be termed the explo-
sion engine clutch member and clutch mem-
ber 5 will be termed as a steam engine clutch
member.

It will now be clear that either engine may
be shifted into driving relation with shaft
1 and I will now describe how both engines

may be shifted into relation with said shaft.

Assuming that clutch member 16 was
shifted into clutch with member 4, and
therefore out of clutch with member 5,
thereby throwing in the explosion engine,
and it was desived alse to temporarvily

1,315,508

utilize the steam engine, then lever 69 would
be shifted: to move sleeve 68 and clutch
member 5 toward clutch member 4 and this
would result in also throwing the steam en-
gine into drive with shaft 1. This double
drive of both engines might possibly be
desirable on- the approach of a heavy up-
grade of road, or in other emergencies, and
whatever lack of synchronism of speed would
be taken care of by the clutch mechanism.
Therefore, if the steam engine operated
slightly slower than the explosion engine,
no counter resistant action would result.

I will next describe the manner in which
clutch: lever 17 is automatically controlled
and operated by steam pressure.

Mounted upon: the boiler are two cylin-
ders, one of which is designated at 73 and
the other of which is designated at 74. Cyl-
inder 73 communicates with the boiler
through a passage 75 in which is interposed
a bleed valve or three-way valve 76, the
purpose of which will later appear. Cylin-
ders 73 and 74 are in constant communica-
tion with each other through a passage 7
and it will be noted that eylinder 78 is
larger than cylinder 74; in diameter. A
clutch operating piston 78 is disposed in
cylinder 73 and a 'retaining piston 79
is disposed in cylinder 74" A spring
80 mormally acts to retain the piston
78 in the position shown, or in other words
return it to the position shown. Likewise
a spring 81 normally acts to return the re-
taining piston 79 to the position shown.
Spring 80 is more powerful than spring S1.
The clutch operating piston 78 has a piston
rod 82 which is pivoted to the clutch oper-
ating lever 17 at 83. Therefore when piston
78 moves to the right of Fig. 1, it will clutch
in the steam engine and when the piston 78
moves to the left of Fig. 1, it will clutch
in the explosion engine. A locking and
cam abutment 84 is mounted on said piston
rod 82 and is provided with a cam portion
85 and a locking portion or retaining por-
tion 86. Piston 79 has a piston rod 87
which is pivoted at 88 to one arm of a bell-
crank lever, the latter being pivoted at 89.
The remaining arm of said bell-crank lever,
as indicated at 90, is adapted for coaction
with the locking portion 86 so that when
said locking portion 86 is moved to the right
of Fig. 1, sufficiently to enable the bell-crank
arm 90 to get behind it, then said bell-crank
arm will lock the piston rod 82 in a posi-
tion to hold the clutch mechanism in a steam
drive adjustment

Thus it will be seen that steam pressure
against piston 79 will serve to actuate the
bell-crank so as to lock the arm 90 behind
the locking portion 86. It will also be seen
that when steam pressure decreases behind
piston 79, the spring 81 will force piston 79
to the left of Fig. 1 and this will release
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bell-crank arm 90 from engagement with
the locking lugs 86 so that spring 80 can re-
tract plbL()ll 78 from a right hand position
to the left hand position “shown in Tig. 1,
thereby retuwrning the clutch shatt from a
steam engine drive adjustmeént to an ex-
plosion engine drive adjustment. It will be
readily understood that this mechanism does
not provide for any intermediate position of
the clutch mechanism. The clutch mech-
anism must necessarily be either in a steam
engine drive adjustment or in an explosion
engine drive adjustment.  Furthermore, re-
liance is placed upon steam pressure to ef-
fect the steam drive adjustment and re-
liance is placed upon spring action to main-
tain and effect explosion drive adjustment.

It would not be practical to merely throw
the explosion engine out of drive with the
vehicle and permlt the explosion engine to
continue operation, at least, normwll} It is
understood that in some few exigencies it
might possibly be desirable to permit the
explosion engine to. continue operation even
though it were not connected up in driven
relation with the vehicle because such con-
tinued operation of the explosion engine,
running 1dly, would serve to generate steam
in the boiler. However, in addition to the
means for throwing the explosion engine
out of vehicle drive, I have provided means
for arresting opemtlon of the explosion en-
gine, which means T will now deseribe in
detail.

A bell-crank lever is designated at 91 and
it has an arm 92 for coaction with the cam
porticn 85 so that when the cam portion 85
1s moved to the right of Fig. 1 it will elevate
arm 92 but arm 92 is of sufficient length so
that the cam portion 85 cannot pass beyondv

it and so that arm 92 ecannot descend be-

hind said cam portion. Therefore the cam
portion is merely a lifting element serving
to actvate arm 92. The remaining arm of
the bell-ecrank lever is indicated at 93 and
the same is pivoted at 94 to a rod 95. Rod
95 is interrupted by a compression spring
96 and the remaining end 97 of said rod is
connected at 98 with a switch 99 which is
pivoted between its ends 100. -The pivot 100
1s connected with one limb 101 of the spark
cireuit of the explosion engine and one of
the contacts of the switch is adapted. for
engagement with the other limb 102. A
source of current 103 is interposed in said
circnit and in Fig. 1, the circuit is shown
closed, because the clutch mechanism is in
an explosion engine adjustment. When the
switch is in contact with terminal 104, then
the circuit will be open. It is desirable to
have the spark circuit opened when the ex-
plosion engine is shifted out of drive with
the Vehlc]e A spring 105, which is a ten-
sion spring, normally acts t0 hold the switch
in a circuit open position.

a

If for any reason it was desirable to cut
out the explosion engine, without waiting
for the explosion engine to be automatically
cut out; then rod 106 can be pulled and the
spring 96 will permit of this movement, ir-
respective of the position of bell-crank 92.

I will next explain the function and pui-
pose of the bleed or three-way valve 76.

“Assuming that the piston-78 has been
forced to the right of Fig. 1 so as to clutch
in the steam enOine, angd thereby clutch out
the explosion engine, and it was desired to
temporarily employ the explosion engine
to supplement the action of the steam engine,
then in the absence of a bleed valve, pres-
sure on the sleeve 68, by means of lever 69,
would have to be exerted against the steam
pressure on piston 78 in order to return the
clutch mechanism to the position shown in
Fig. 1. Therefore when the steam engine
is in operation and it is desired to supple—
ment the power of the steam engine by the
explosion engine or to operate the explosion
engine for generating steam, the bleed valve
will be opemted to release pressure- from
behind pistons 78 and 79 so that lever 69 can
thrust the clutch mechanism into the coact-
ing relation whereby both engines will be
operated and driven. . In this adjustment,
the spark circuit would be automatically
closed upon movement of piston 78 to the
position shown in Fig.'1, as has been here-
tofore described.

I have described the means for rendering
the explosion engine inoperative when the
explosion engine 1s thrown out of drive with
the drive shaft, and T will describe the man-
ner in which the steam engine is rendered in-
operative until the shlftmo mechanism acts
to shift the drive and throw the steam en-
gine either into or out of drive with the
drive shaft.

On the bracket 107 is mounted a lever
108 one end of said lever being pivoted at
109 to said rod 66’ and the other end of
said lever being pivoted at 110 to the piston

rod 82 of piston 78, Therefore, when piston

78 is actuated under steam pressure to throw
the steam engine into coupling relation with
the drive’ shaft the throttle 64 will be auto-
matically opened to start the steam engine
Otherwise, before steam pressure “had
reached the point where it would actuate
piston’ 78, the steam engine would be run-
ning idly, and wasting steam.,

I mtelpose a sprlnw ]11 in the piston rod
82, which spring is of a character that will
resm’c contraction or -elongation under nor-
mal pressure and will be sufliciently streng
for the light work of actuating the throttle.
The purpose of this spring is to permit of
manual operation of the rod 667, to.control
the throttle, independently of the automatic
mechfuuﬁm, and a further function of the
spring 111 is to permit of manual operation
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of rod 66/ to hold the throttle:open when the

bleed valve 76 is actuated to permit the pis-
ton 78 to be returned under action of lever
71, when it is desired to throw in the ex-
plosion engine to supplement the steam en-
gine.- Rod 106 will also be employed to
maintain the spark cireuit closed under this
adjustment,

From the foregoing -description, it is be-
lieved that the operation and steucture of
my invention will be clearly understood.

It will now be noted that instead of pro-
vision being made to radiate the heat off
from the- explosmn engine so as to maintain
the same in a suﬁimemly cold condition to
operate, I utilize this heat -for the purpose
of generating steam. Therefore, one of the
greatest losses incident to the operation of
an explosion engine is totally obwviated. T
even -conserve and utilize the heat which
normally radiates off ‘from the exhaust of
the explosion engine, for the' purpose of
generating steam. Practically the only loss
of heat 1nc1dent to the operation of this
combined engine mechanism will ‘be in ‘the
radiator; wherein T merely radiate off
enough heat to prevent the water of conden-

sation from reaching a boiling point.

While T have herein shown and - described

one specific form of my invention, I do not

wish to be limited thereto e\cept for such
limitations as the claims may import.

I claim:

1. In a combined explosion and steflm
engine mechanism for ‘motor vehicles,”
steam boiler, an explosion engine for Uen-
erating steam in said boiler, a ste‘xm engine
driven from said boiler, ‘mechanism for
transmitting vehicle duve either from sald
explosion or steam engines, and means con-
trolled by stedn pressure in said boiler for
throwing the explosion engine out. of vehicle
drive and throwing said Steam engine into
vehicle drive, substa,ntmlly as described.

2. In a combined explosion and steam
engine mechanism for motor vehicles, a
stemn boiler, an explosion engine for gen-
erating steam in said boiler, a steam engine
driven from said boiler, both of said englnes
having transmission means for drlvmg the
Vehlcle and means controlled by steam pres-
sure in said boiler for throwing said explo-
sion engine out of vehicle drive and said
steam enome into vehicle drive, substan-
tially as deseribed.

3. In a combined explosion and steam

engine mechanism for motor vehicles, - a-

steam boiler, an explosion engine for start-
ing and running said vehicle qnd generating
steam in said boﬂer, a steam engine: opemted
by said boiler for driving said vehicle, and
mechanism for cutting out said explosion
engine and starting said steam engine when
steam pressure has reached and while it is
maintained at a range of pre-determined
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pressure in said boiler and cutting sad
steam -engine -out when said boiler pressure
decreases below such pre-determined range
of pressure, substantially as described.

4. In a combined explosion and steam
engine mechanism for motor vehicles, =
steam boiler, an- explosion engine for gen-
erating steam in said boiler, a “steam engine
driven . from said boiler, mechanism “for
transmitting vehicle dllve either from said
explosion or steam engines, means controlled
by steam pressure in said boiler for throwing
the explosion engine out of vehicle.drive and
the steam engine into vehicle drive, and
manual means for: restoring said e\plosmn
engine into vehicle drive to supplement the
drivi ing power of the steam engine, substan-
tially as:described.

5. dn a combined -explosion and steam
engine mechanism for motor vehicles, a
steam boiler; an explosion engine for gen-
erating steam in said boiler, a “steam engine
driven  from said boiler, mechanism for
transmitting vehicle dl‘lve either from said
explosion or steam engines, and automati-
cally acting'means for cutting either engine
into-drive and cutting the remaining engine
out-of ‘drive, subst‘mtnlly as described.

6. In ‘a combined explosion and steam
engine mechanism, a steam boiler, an ex-
plosmn engine for generating steant in said
boiler; a ste‘un engine opelated by steam
from sald boiler, a drive shaft, mechanism
for either coupling said steam or explosion
engines to said slmft, and means for actuat-
ing said mechanism comprising a cylinder
open ' to-boiler- pressure, a piston in smd
cylinder actuated by boiler pressure to make
one character of adjustment of said mecha-
nism, and means acting on said piston for
making another clmmcter of adjustment of
s‘ud mechanism, substantially as described.

7. In:a combined explosion and steam en-
crlne mechanism, a stem boiler, an explosion
engine for generating steam in said bo11e1, a
steamm engine opemted by steam in said boiler,
ardrive shaft mechanism for either couphno
said steam-or explosion engines to said shaft,
means for actuating said mechanism com-
prising a eylinder open to boiler pressure, a

piston in' said ‘cylinder actuated by boiler .

pressure to make one character of adjust-
ment of said mechanism, means acting on
said piston dor making another char acter
of ‘adjustment :of said mechanism, and a
boiler pressure actuated device for locking
said ‘piston, substantially as described.

8. In a combined explosion and steam
engine mechanism, a stéam boiler, an ex-
plosmn engine for generating steam in said
boiler, a- $team engine gper rated by steam
from said boiler, a “drive shaft, mechanism
for either coupling said steam or explosion
engine to said drive shaft, means for operat-
ing said mechanism comprising a cylinder
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open to boiler pressure, a piston i said cyl-
inder actuated by boiler pressure to make
one adjustment of said mechanism, to couple
the steam engine to said drive shaft and
means acting on said piston for making an-
other adjustment of sald mechanism to
couple said explosion engine to said drive
shaft, a spark circuit for said explosien
engine, and means actuated by said piston
for closing said spark ecircuit when said ex-
plosion engine is coupled to said shaft and
opening sald spark circuit when said explo-
sion -engine is uncoupled from said shaft,
substantially as described.

9. In a combined explosion and steam

engine mechanism, a steam boiler, an explo-*

sion engine for generating steam in said
boiler, a steam engine operated by steam
from said boiler, a drive shaft, mechanism
for either coupling said steam or explosion
engines to said shaft, means for actuating
said mechanism comprising a cylinder open
to said boiler pressure, a piston in said cyl-
inder actuated by boiler pressure to couple
said steam engine to said shaft, means act-
ing on said piston to couple said explosion
engine to said shaft when steam pressure
decreases, and means operated by said piston
for rendering said explosion engine opera-
tive when coupled to said shaft and render-
ing said explosion engine inoperative when
uncoupled from said shaft, substantially as
described. ‘ ‘ o

10. In a combined steam and explosion
engine mechanism, a boiler, an explosion
engine for generating steam in said boiler
and having a crank shaft, a main drive shaft
alined with: said -crank shaft, a steam en-
gine driven by steam from said boiler, and
automatically acting clutch mechanism on
said crank shaft and on said drive shaft for
coupling either or both of said engines to
said drive shaft irrespective of slight rela-
tive variation of speed of the engines, sub-
stantially as described. :

11. In a combined explosion and steam
engine mechanism for motor vehicles, a
steam boiler, an explosion engine for gen-
erating steam in said boiler, a steam engine
driven from said boiler, a vehicle shaft,
mechanism for either coupling said:explo-
sion engine or said steam engine singly to
said drive shaft or coupling ‘both of said
engines simultaneously to said- drive shaft
irrespective of slight relative variation of
speed of the engines, and automatic means
for rendering both engines operative when
coupled to said drive shaft, substantially as
described. ‘ '

12. In a combined explosion and steam

engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, mechanism for coupling either en-
gine into driving relation of said vehicle,

7

and means automatically rendering the ex-
plosion engine . inoperative when the steam
engine is operating, substantially as de-
scribed.

13. In a combined explosion and steam 7

engine mechanism. for vehicles, a steam
boiler, an explosion engine for operating
said boiler and having a spark circuit, a
steam engine operated by said boiler, mech-
anism for coupling either engine into driv-
ing relation with said vehicle, and means
automatically opening the spark circuit of
the explosion engine when said steam engine
is operating, substantially as described.

14. In a combined explosion and steam
engine mechanism for vehicles; a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, mechanism for coupling either en-
gine into driving relation with said vehicle,
and means controlled by steam pressure.in
the Dboiler for starting sald steam engine
and rendering the explosion engine  inop-
erative, substantially as described.

15. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, o steam engine operated by
said boiler, clutch mechanism for coupling
either engine into driving relation with
sald vehicle, and ‘means -controlled- by
steam pressure in the boiler for actuating
and locking said clutch mechanism in a
position to couple the steam engine into
vehicle drive, and spring mechanism for ad-
justing said clutch mechanism to couple said
explosion engine into vehicle drive, substan-
tially as described.

16. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, clutech mechanism for coupling either
engine into driving relation with the vehi-
cle, and means actuated by steam pressure
in the boiler for adjusting and locking said
clutch mechanism into a steam engine drive
adjustment, and spring mechanism auto-
matically operating upon decrease of boiler
pressure for returning and holding: said
clutch mechanism in an explosion engine
drive adjustment, substantially as described.

17. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an ‘explesion engine for operating
said boiler, a steam engine operated by said
boiler, mechanism for coupling either en-
gine into driving relation with said vehi-
cle, and means actuated by steam pressure
for adjusting said mechanism for a steam
engine drive and locking sald mechanism
into such adjustment, substantially as de-
scribed. _

18. Tn a combined explosion and steam
engine mechanism for vehicles, a steam
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boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, clutch mechanism for coupling either
engine into driving relation with said ve-
hicle, an actuating cylinder including a
clutch operating piston and communicating
with said boiler for actuation of the piston
by the boiler pressure, a retaining cylinder
of reduced size with respect to said actuat-
g cylinder and communicating with the
latter, a retaining piston in said retaining
cylinder; said operating piston having a pis-
ton rod connected with said clutch mecha-
nism, means operated by said retaining pis-
ton for retaining said rod in a steam ac-
tuated adjustment, and a spring acting upon
said retaining piston for operating the lat-
ter to release said rod on decrease of steam
pressure, substantially as described.

19. In a combined explosion and steam
engine mechanism for vehicles, a -steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, clutch mechanism for coupling either
engine into driving relation with said ve-
hicle, an actuating cylinder including a
cluteh operating piston and communicafing
with said boiler for actuation of said piston
by boiler pressure, a retaining cylinder com-
municating with said actuating cylinder, a
retaining piston in said retaining cylinder,
said operating piston having a piston rod
connected in said clutch mechanism, means
operated by said retaining piston for re-
taining said rod in a steam actuated adjust-
ment, and a spring acting on said retaining
piston for operating the latter to release said
rod on decrease of boiler pressure, substan-
tially as described.

20. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler and having a spark circuit, a
steam engine operated by said boiler, clutch
mechanism for coupling the engine into
driving relation with the vehicle, an actuat-
ing cylinder communicating with said boiler,
an actuating piston in said cylinder connect-
ed with said clutch mechanism, and means
actuated by sald piston ‘for opening said
spark circuit when said clutch mechanism
is 11 a steam engine drive adjustment and
cloging sald spark circuit when said clutch
mechanism is in an explosion engine drive
adjustment, substantially as described.

21. In a combined -explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, cluteh mechanism for coupling either
engine into driving relation with said ve-
hicle, a relatively large actuating cylinder
communicating with said boiler, an actuat-
ing piston in said cylinder having a rod op-
erated in connection with said clutch mecha-
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nism to throw.the latter into a steam engine
drive adjustment by steam actuating said
piston, a retaining cylinder of smaller size
than said actuating cylinder and having a
piston, a positive locking device actuated
by said retaining piston and coacting with
said rod to lock the clutch mechanism in a
steam engine drive adjustment, a relatively
heavy spring for returning said actuated
piston to a starting position and clutching
In said explosion engine, and a spring act-
ing on said retalning piston upon decrease
of steam pressure to release said rod prior
to actuation of the latter by said heavy
spring and said retaining piston spring be-
ing lighter than the spring of said actuating
piston, substantially .as described.

22. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, clutch mechanism for:-coupling either
engine into driving relation with said ve-
hicle, an actuating cylinder communicating
with said boiler, an actuating piston in said
cylinder connected with said clutch mecha-
nism and. adapted to be actuated by steam
from said boiler on one face of said piston
to throw said clutch mechanism into g steam
engine drive adjustment, and a spring for
operation on the other face of said piston
upon decrease of steam. pressure to throw
said clutch mechanism into an explosion
engine “drive adjustment, substantially as
described.

23. In a combined -explosion and steam
engine mechanism for wvehicles, a steam
boiler, an explosion engine for operating
said boiler, and having a spark circuit, a
steam engine operated by said boiler, clutch
mechanism for coupling either engine into
driving relation with said vehicle, and
means operated by steam -pressure in the
boiler for throwing said clutch mechanism
into a steam engine drive adjustment and
cutting out the explosion engine from ve-
hicle drive and also opening the spark cir-
cuit of the said explosion engine to prevent
operation of the latter; substantially as de-
scribed, ,

24, In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by said
boiler, clutch mechanism movable in one di-
rection to commect said steam engine into
vehicle drive and movable in an -opposite
direction to throw said explosion engine into
vehicle drive, a cylinder open to said boiler
and  having a piston connected with said
clutch mechanism and actuated by steam
pressure to adjust said mechanism into steam
engine drive upon pre-determined pressure
in the boiler, and means for bleeding the
pressure behind said piston to move said
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clutch mechanism into an'explosion engine
drive adjustment while said steam engine is
running, substantially as described.

25. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler, a steam engine operated by sai

boiler and including a throttle valve con-

nection, clutch mechanism  for couplin
either engine into driving relation with saiogl
vehicle, and means operated by steam pres-
sure for coupling said steam engine into
driving connection with said vehicle and
opening said throttle valve connection, sub-
stantially as described.

26. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, an explosion engine for operating
said boiler and having a spark circuit, a
steam engine having a throttle valve con-
nection with said ‘boiler, mechanism for
throwing either engine into vehicle drive,
and an apparatus controlled by boiler pres-
sure for operating said mechanism to cou-
ple either engine into vehicle drive and op-
erate said throttle valve connection and open
or close said spark circuit to render the
explosion engine operative and the steam
engine inoperative or vice versa, substan-
tially as described.

27. In a combined explosion and steam
engine mechanism for vehicles, a steam
boiler, ‘an explosion engine for operating
said boiler, a steam engine operated by said
boiler, mechanism for throwing either en-

‘gine into vehicle drive, and an apparatus

controlled by boiler pressure for operating
said mechanism to couple either engine into
vehicle drive and render such acting engine
operative and render the non-acting engine
inoperative, substantially as described.

28. In a combined explosion and steam
engine mechanism for - vehicles, a steam
boiler, an explosion engine for generating
steam in said boiler, a steain engine driven
from said boiler, and automatically acting

mechanism for transmitting - drive either
from said explosion or steam engines irre-
spective of the running speeds of the en-
gines, substantially as described.

29. In a combined explosion and steam
engine mechanism for vehicles, an explosion
engine, a steam engine, and automatically act-
ing mechanism for transmitting drive either
from said explosion or steam engines irre-
spective of the running speeds of the en-
gine, substantially as described.

30. The combination with a vehicle or load
to be driven, of steam and explosion engines
for driving said vehicle or load, and auto-
matically acting mechanism for rendering
either of said engines operative irrespective
of the running speeds of the engines, sub-
stantially as described.

31. The combination with a vehicle or load
to be driven, of steam and explosion engines
for driving said vehicle or load, and auto-
matically acting mechanism for rendering
either of said engines operative and render-
ing the remaining engine inoperative when
the running engine is operating irrrespec-
tive of the running speeds of the engine, sub-
stantially as described.

32. In a combined explosion and steam
engine mechanism for vehicles, an explosion
engine, a steam engine, and automatically
acting mechanism for throwing either the

_steam or explosion engine into vehicle drive

irrespective of the running speeds of the
engines, substantially as described.

33. In a combined explosion and steam
engine mechanism for vehicles, an explosion
engine, a steam engine, and automatically
acting mechanism for positively throwing
either the steam engine or the explosion en-
gine into vehicle drive and throwing one
engine out of drive when the remaining en-
gine is in drive, substantially as described.

In testimonﬁ, that T claim the foregoing
as my own, I hereby affix my signature.

GEORGE C. JACKMAN.

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents,
Washington, D. C.”
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