No. 774,4338.

K0 MODEL,

PATENTED NOV. 8, 1904.

D. E. JOHNSON.
STEAM ENGINE.

APPLICATION FILED AUG. 4, 1902.

B SH S—SHEET 1.

[

Witnesses:

Tt (8 Aomiloret

- — T —— - T T

FroTd- ITHEGAAPNED BRY SACHETT & WILHELME Li"HG, & PTY, CO. MEW YO RAW,

Twentor:
Darael L. Johnson,




No. 774,433 ' ' - PATENTED NOV. 8, 1904,
' D. E. JOHNSON. - -
STEAM ENGINE,

APPLICATION FILED AUG. 4, 1902. |
N MODEL, . ta : | 8 SHEETS—SHEET 4.

i
1

|
il =
e
| i
!

| I :
M i

/4
e
i
|
L
|
I
|
|
el"
K

Fig.2.
|
I
Ii
0
T (>

Wibwsécs: liwentor

m Cé; ofm s _ ‘ ﬂanaélf Johnson

L H%M/ Z le.




No. 774,433, o - PATENTED NOV. 8, 1904.
D. E. JOHNSON. '

APPLICATION FILED AUG. 4, 1802, |
~ NO MODEL, | | N | 9 SEEETS~SHEET 3.

/2

L0, ., =

i
: - [: — =
* [i I -~ - - .
1|.
+ - . ;
7 f \
s 10}
» K !
- *.» — ‘\ /
j 7/
| | pu - A
] i ' =

“ TR
l

E |
oo [ |
| JI i1 .
ot
[ 5
! | i | —
] i | IH[TI - —_
. 1 -
-| ]
K ; —_—
Al : —| E
1:1. . —
b, T 7 I
| h
| _i

€ /2

Mtncsses - | ' o Me:d:or.

I %MMM - ,DameLE Johnson,




No. 774,433. PATENTED NOV. 8, 1904.

' D. E. JOHNSON. |
STEAM ENGINE.

APPLICATION FILED AUG. 4, 1902, | |
NO MODEL. - | | -~ 9 SHEETS—SHEET 4.

1
¥
1 H I
i
-~ I

= ] |
._w":‘ = == 8 _b *

- * b

. Ii

— |

| |

i IE;'

e |

— == 3 |

_ h}@ | 1

| 7
_,_a_.—:?/ I: (L JHI

Se==== 2. &
_:3_ “!m T . : w \'!

)

. : *\ “\(,E%i!}l |! : j
i - | ';.1 1 i[l

l NANARRNARN i 1! i
| ’,,
. L ;—_.':.._:.\ | ;_% \;:. !él
h!

@ 1
N i
~3 e ..
? Qh/‘* TN
JL

N
S ley

)
g \

N . S
Widnesses: ~ Anvesnfor:

STt itiond  Danicl E Johnson

| by 2 4




No. 774,433, | ' PATENTED NOV. 8, 1004,
- ‘ D. E. JOHNSON. '
STEAM ENGINE.

APPLICATION FILED AUG. 4, 1902.
W0 MODEL. | '~ 9 SHEETS—SHEET 5.

Witnesses: - -
! - N Znwentor:

W éagw - l?anwl L’ Johnsorn,
U’}’_.,duﬂ (-2-0.4 Ly By M%@W . ﬂﬁ? 2




No. 774,438. PATENTED NOV, 8, 1904.

D. E. JOHNSON.
STEAM ENGINE.

APPLICATION FILED AUG, 4, 1902,
X0 MODEL. | 9 SHEETS—SHLET §
d e
A0 ,F?g. V4 P

7 *
D7 / % /74
"J’Z?W////Mffﬂﬂfmllﬁ/ﬂllf/}’ //JM!/W' /// mfm

q
wM _ |

/0 —
= /
e A L Bl p

NN i SR e NN =N

o

) '

Cimp

| T ]

4 l-lll-|l
- . T}

1 ' [ 1)

I ek p— T o— - P —— e Eih

' " - HII "__ -: .- —-- - ML

[Ep— . : T . - .
_ , | “ ,

21 SOR00NE SR SR I S A Y

"
1
)

Fig.12.
&
_""“:—:-—f@?: =
Witnesses: - Lrverdor:
% ? > 5’/ », - _Daneel E’.Joimson,
f&mﬁ—%é;&w% I _ Zy /Zﬁfm




No. 774,433. PATENTED NOV. 8, 1904,
D. E. JOHNSON, '

STEAM ENGINE.

APPLICATION FILED AUG. 4, 1902.
NO MODEL. - 0 SHEETS—SHEEET 7.

¢

s T

*1:9 43,
== g ar
7 ] o ! w-_-_-: | 0
o u , W/
| I ol e | RS - = = j = = ?ﬂ?
= = ol ., Ei= : == _
4 T = o ey — 1: - - . 1 - —— -
0 [[Be | — == N
= . 23 e = [ —— e
— — v AS .
4 ' ey ————
# e v e—
dé
/3 2 L. 14.
s Y

, Z4N: ato0 i
0 3 ' N

0# "\:‘*

NN :\\\\\\:&é\?\?;;?f

N . - \\"*\:\‘Q‘\\

—— - — - N

L L T T T T
il
— L
NI X
Y 0
— P il w .
-l = A e — o+ o T
|
e —— o L L md el —
. —— -rrwr —wwr-.n- _— . aemem = reT . m e p— CTR T - a .- —_— - ———r
1 .a

— e = -
-

e e T . - —

- -—RL . ElEEE ey e TR EE-EE . - b -
-r — T———r—

i I = s ; 5"'\*' i H -
E , \ N \%\\\H‘ x“x E

- —rw—

s
Fa J)}" .
g

Weitnesses: - - _Irwendor:

Wd ;wm f Darnwel I7. . Johitson,
R o o




No. 774,433.

NGO MODEL,

'],
W

X

 PATENTED NOV. 8, 1904.

 D. E. JOHNSON.
'STEAM ENCINE.

APPLICATION FILED AUG, 4, 1502.
| 3 SHEETS—SHEEET §.

%%

T

/ .

/

2 NI\ =

£ 077 = 7 \ '

e B ————

A
iy
el
P P

l WMM L

e

»
% I

O

06 07

B3 iz o
‘1“‘.‘ ;ﬁg f\é . /! I‘. - A A ‘;
NNWE 2° 0% /»§

N

N o _ |
i, /; o
“4

e’

NN

dnventor:

m;@ 96) :% = - Darwel V. .Johnson,




No. 774,433, ~ PATENTED NOV. 8, 1904, -
- ~ D. E. JOHNSON. *
STEAM ENGINE. -

APPLICATION FILED AUG. 4, 1902.
NO MODEL, | | 9 SHEETS—SHEET 0.

©

L

I . S A G ek ey I G S G e el —-';.

Welnesses: , ' | ' Tnventar:
WMM - | ,_fa;lelﬂ Johnson, .




10

20

25

.30

35

40

45

No. 7 ?"4:,',4331;

UNITED STATES

Patented November 8, 1904,

PATENT OFFICE.

DANIEL E.

JOHNSON, OF HARTFORD, CONNECTICUT.

ASSIGNOR TO

FREDERIC C. BILLINGS, OF HARTFORD, CONNECTICUT.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 774,438, dated November 8, 1904.

Application filed August 4,1902, Serial No, 118,256,

(No model.)

To all whom it may coneern:

- Be it known that I, Danmer E. J OH\TSO\T a
citizen of the United btatee residing at Hart-
furd, In the county of Ha,rttord and State of
(Jonneotleut have invented an Improvement
in Steam- Enﬂ'mes of which the following de-
scription, In connection with the accompany-
ing drawings, is a specification, like letters on
the dlewmos representing like parts.

T'his invention aims to provide a novel e,nd
1improved steam-engine. |

Theinventionis partloulerl y adapted, thoua'h
not e‘{oluewelv, to single-acting, simple, or
compound engines, and I have selected a sin-

gle-acting oompound engine as an illustration -

of my invention herein, it being understood,
however, that my lnventlon is not restricted to
the p‘u‘tlculm embodiment thereof so shown.

In the drawings, Figure 1 in side elevatlon |

partially broken away, shows an engine illus-
trating my invention. Fig. 21is a top or plan
of FlO‘ 1; Figs. 3 and 4, lett and right hand
elev ‘LthIlS, respectwelv, of the engine, both
figures being partly broken away for 1llustre-
tion of some of the parts. Fig. 5 is a verti-
cal lon01tudmel seetlon on the dotted line 5 5,
Fig. 2; Fig. 6, an enlarged horizontal section
on the dotted hne 6 6, Fw 5, showing the va-
nous valves and other pa,rts In section; Fig.
7, a vertical sectional detail on the dotted line
717, Fig. 6; Fig. 8, a similar section on the
dotted hne 8 8, Ew 6; Fig. 9, a similar sec-

tion on the dotted llne 99, Fig. 6; Fig. 10, a

vertical section on the dot_,ed lme 1010, Flo‘
7; Fig. 11, a ver tical section on the dotted
lme 11 11, FIO 7; Fig. 12, an inclined section
on the dotted hne 12 12, Fw 9; Fig. 13, an
enlarged detail looking down upon the revers-
Ing mechamem of the engine illustrated; Fig.
14:._. a vertical lono*ltudmel section on the dot-
ted line 14 14 of the parts shown in Fig. 13;
Fig. 15, a . view similar to Fig. 14, showmﬁ'
the parts 1n reversing position; FIO‘ 16, a dia-
gram 1llustrating the relative looa,tlons of the
two eccentrics cmd showing the lost motion
between the same, and Flo 17 a side eleva-
tion showing a motor- vehicle equipped with
my lmpr oved engine.

In the pertlculer embodiment of my inven-

tion selected for illustration herein and shown

in the drawings, referring first to Figs. 1 and
D, the eyhnders of the engine, here shown as
four in number—two hmh -pressure @ @ and
two low-pressure 6 b—are shown as formed
within a single casting A, mounted upon and
secured to the hollow two- -part well-like bot-
tom casting C. The several cylinders are ar-
ranged in elmement with the crank-shatt, the
two high - pressure cylinders being tocrether
and the two low-pressure oyhnders toerether

The two-part bottom or well casting C is
divided horizontally, preferably in the plane

of the crank-shaft, its two parts being suit-

ably connected, as by bolts ¢ ¢, Fig. 1 they
having formed between them the beermfre ¢
for the crank-shatt D. The crank-shaftispro-
vided with four cranks arranged in pairs, the
cranks of each pair being erranﬁ"ed opposite
each other—that is, one Thundred and elghty
degrees apert—-———the cranks of the two being

orees apart.
Referring to Fig. 5, the two cranks for the

high-pressure eylmders @ ¢ are eetua,ted by
the connecting rods or pitmen « ¢, connected

et their upper ends to the hollow wrist-pins
@’y carried in and by the cup- Sheped single-
actmcr high-pressure pistons ¢’.
tons are of sufficient length, together with the
length of the cylinders, to serve as guides for
the pistons in their movements, asis common

' with single-acting engines.

The two eranke for the low-pressure cylin-
ders are similarly actuated by the connecting
rods or pitmen §' §', connected at their upper
ends to the wrist-pins 4%, carried in and by the
low-pressure pistons 2.
pressure pistons and their ecranks balance

each other, and also the two low-pressure pis-
tons and oranks

The upper ends of the several cylinders are.

closed by a cap-casting E, secured to the cyl-
inder-casting A and oontammﬂ the several
inlet and exheust ports and Velves The sev-

‘eral valves as here shown aré of the piston
type, hence balanced, the high- -pressure valve
| being shown at e, Flﬁ's 5 and 6, 1t comprising
two conneeted plston -heads mounted upon the

Thus the two high-
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g

end of a valve-stem ¢, threacded at its outer
end to receive the twonuts ¢ ¢, which receive
between them the upper end of the actuating-
arm ¢ on the tubular shaft ¢', actuated by
mechanism to be described.

The high-pressure valve ¢ is reciprocated
in a valve-chamber formed by a bushing ¢
arranged in the cap-casting E, and provided
near its ends with exit or port openings ¢’ ¢,
which communicate, respectively, with the
ports & ¢, leading to the two high-pressure
cylinders @ @. The port ¢ is shown in full
lines in the section Fig. 8 and the port ¢' is
shown in full linesin the section Fig. 9. The
high-pressure-valve chamber is open at both
ends, the rear end thereof communicating di-
rectly with the exhaust-passage ¢°, Fig. 6,
while at its opposite or front end said cham-
ber communicates, through ports ¢' in the
front end of the bushing ¢, with a vertical
passage ¢%, (shown best in Fig. 10,) which
communicates with an upper horizontal pas-
sage ¢ above the valve-chamber and opening
at its rear end into the exhaust-passage ¢°, re-
ferred to, so that exhaust from either end of
the valve or valve-chamber eventually reaches
the exhaunst-passage ¢°. '

Referring to Fig. 6, with the valve in its
position there shown, live steam entering
through the intermediate live-steam port f
(see also Fig. 5) between the pistons of the
valve ¢ passes directly to the port ¢ for the
lett-hand high-pressure cylinder, Kig. 5, to
move the piston therein, while the exhaust
from in front of the ascending piston In the
other high-pressure cylinder escapes through
its port ¢, Fig. 6, through the bushing-ports
/. into the valve-chamber, thence outward
through the bushing-portse”, into the exhaust-
passages ¢ ¢°, (see Fig. 10,) into the exhaust-
passage ¢°. The pistons having reached the
ends of their respective strokes, the valve 1s
moved into its opposite or dotted position,
Fig. 6, to cause steam from the live-steam
port 7 to flow through the port ¢’ into the
right - hand high - pressure cylinder, Kig. 5,
to move the piston therein, the exhaust from
the ascending piston in the other high-
pressure cylinder escaping through its port
&, Fig. 6, past the end of the valve and di-
rectly into the exhaust-passage ¢°. The live
steam first enters the live-steam inlet If, Kigs.
1. 5, and 2, under the control of a suitable
throttle - valve, (not shown,) passing thence

through the said port f/ to the cylinders..

The exhaust-passage ¢ enters an intermecdiate
controlling-valve chamber /4, arranged paral-

lel with the other valve-chambers and formed

within a bushing 7/, let into the cap-casting C.
This chamber contains a controlling-valve H,
comprising two heads or pistons A° 4%, con-
nected by a reduced portion or stem /47, the
same being provided also with an operating-
stem A°, extended through a suitable packing-

774,433

for moving the valve when necessary. When
the said controlling-valve is in its position
Fie. 6, with the head 2° closing communica-
tion from the exhaust-passage ¢ to the main
exhaust-pipe or conduit ¢“, the exhaust-steam
from the passage ¢ will enter the controlling-
valve chamber 4, passing therefrom through
the intermediate port 4° into the passage A/,
which communicates with the interior ot the
low-pressure-valve chamber 7/, formed with-
in the bushing 2% let into the cap-casting C.
To balance the controlling-valve, the stem A°
thereof is made tubular, and 1ts end adjacent
the valve-stem /%’ communicates with two di-
vergent passages 2°”, whereby exhaust-steam
from the passage ¢ may enter the controlling-
valve chamber in front of the piston /° of the
said valve, thereby to balance the valve in
either of its positions and prevent any possi-
ble accidental movement of the valve due to
unbalanced pressure at either end thereof.
This low-pressure-valve chamber 72' contains
a piston-valvesm, similar in construction to the
high-pressure valve ¢, the same comprising,
as shown, two connected heads or pistons
mounted upon a valve-stem°, which projects
outward through suitable packing means and
carries upon its threaded end two nuts ./,

70

e

30

QO

hetween which is received the end of an arm

n° on the low-pressure rock-shaft 7n°, which
telescopes within the high-pressure tubular
shaft ¢, which operates the high-pressure
valve.

The controlling-valve chamber 4, with its
connected passagese”and A, constitutes a re-
ceiver between the high and low pressure cyl-
inders, from which steam entering the low-
pressure-valve chamber 22" may pass through
sither of the low-pressure-cylinder ports "
. Fig. 6, to the respective low-pressure cyl-
inders 0 b, according to the position of the
low-pressure valve m therein. The exhaust
from the low-pressure cylinder in each case
escapes past the end of the low-pressure valve
m. the exhaust from the port =’ escaping
from the low-pressure-valve chamber directly
into the exhaust-pipe ¢“, while the exhaust
from the other port, 22°, escapes through the
port 77! in the low-pressure-valve-chamber
bushing into a vertical passage ", (see Fig.
11,) thence through a horizontal passage ",
over the top of the low-pressure-valve cham-
ber,and entering the low-pressure-valve cham-
ber at its end adjacent the exhaust-pipe ¢".
Thus the exhaust from both ends of the high-
pressure valve ¢ first enters the receiver ¢’ A/,
passing thence to the low - pressure - valve
chamber, from which it is admitted to the low-
pressure cylinders, exhausting from the latter
past the ends of the low-pressure valve 7 into
the exhaust-pipe ¢

The arrangement of the high and low pres-
sure cranks, respectively, upon the quarter
necessitates the use of a receiver, which would
be unnecessary were the said cranks set op-
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posite, or one hundred and eighty degrees
apart. Sincethe highand low pressure cranks
are set on the quarter, the high and low pres-
sure valves are necessari 1ly set approximately
one (a quarter of a revolution) in advance of
the other. bonsequently when the high-pres-
sure valve ¢, Fig. 6, is in position admlttlnﬂ
steam to one and exhausting it from the
other of the high- -pressure cylinders the low-
pressure valve is in an intermediate position
covering both-cylinder-ports, its pistons be-
Ing ap proumatelv at the ends of theirstrokes.
Hence about the time the high-pressure valve
moves to cut off admission the low-pressure
valve moves to admit steam to its cylinders.
With the controlling-valve in its position
Kig. 6 the engine will operate as a compound
engine in the 1 manner described. To operate
the engine as a simple engine, as when start-
ing or when working under heavv loads, live
steam must be admitted direct to both high

and low pressure valve chambers. This is
accomplished by moving the controlling-valve

H from its full-line position, Fig. 6, into its
dotted pOSltlon Fig. 6, which places the ex-
haust- -passage ¢ in d]rec ) communilcation with
the exhaust-pipe ¢, so that the exhaust from
the high- -pressure cyhnc ers passes directly to
the exhaust- pipe ¢* without golng to the low-
pressure cylinders. Such movement of the
controlling-valve also moves its piston A® past
and uncovering the live-steam port A%, Fig. 6,

(see also Figs. 9 and 12.) from the live-steam
inlet K., and thus admits live steam direct to
the controlling-chamber between the pistons
of the contr ollmcr- alve therein, from whence
1t may pass thro u0h the receiving-passage /4’
direct to the low- pressme-valve chamber and
low-pressure cylinders. (Jonsequentlv solong
as the controlling-valve 1s in its a,bnormal
dotted position, FIG‘ 6, the engine will oper-
ate as a four- cylmder mmple engine.

Having described the valve movements, I
will now descube the Vftlve actuating mech-
anism.

Referring to Figs. 5, 18 and 14, the cranh—
shatt D has a reduced. end pOI‘tIOH c, upon
which 1s arranged a sleeve ', to Wthh 1S
keyec the eccentric for actuatmo the low-pres-
sure valve. Said eccentric is embraced by a
sultable eccentric-strap @, Figs. 1 and 3, the
rod ' of whichis jointed to an arm &, fast on
the end of the low-pressure-valve rock- shaft

Loosely surrounding the sleeve ' is a sec-
ond eccentric d’, connected with and to operate
the high-pressure valve, said eccentric having
its strap &', Fig. 1, pr ovided with an eccentric-
rod d°, ointed at its upperend to anarm ¢, fast
on the end of the tubular high-pressure rock-
shatt ¢’. Thus rotation of the sleeve carry-
1ng thesaid ecéentrics Will cause the said valve-
actuating rock-shafts 72" and ¢ to be rocked,

thereby to r eciprocate the valves, as descr 1bed
The sleeve d 1s arranged to ha,ve partial rota-
tion about and upon “the reduced end of the

crank-shatt, said sleeve being provided with
end-thrust ball-bearings o between its ends
and the collars o', fast on the said shaft. The
end of the crank shatt s mdde tubular, as at
4, to recewe a sliding plug ¢° on the end of

Stem 0°, which extend's outward and has

mounted upon‘ its end a yok@ O. burround— “

ing the stem o of the plug ¢ is a bushing ¢*,
secured by a nut ¢°, screwed upon the end of
the stem. The outer end of the said bushing
is threaded at 0%, and the voke O j Is scr ewed
thereupon and agamst the shouldero thereof
This axially-movable plug ¢° has a stud o°,
which projects radially through a straig ht
longitudinal slot @™ in the end of the crank-
shaft D and enters a spiral slot d% in the
partially-rotatable sleeve ¢. Preferably the
sald stud o® will have rollers o' 0 to engage,
respectively, the walls of the said slots. Thus
with the crank-shaft in a given rotative po-
sitlon 1t the yoke O be moved to draw the
plug o outward the straight slot ¢ in the
sald shaft will enforce pertectly straight lon-
gitudinal and non-rotative movement of the
S&ld stud, and this non-rotative movement of
the stud, acting in the spiral slot 7% of the
sleeve d’, will cause partial rotation of the
said qleeve through a distance determmed by
the pitch of the slot and which 1s sufficient to
reverse the positions of the valves and reverse
the engine. As the sleeve rotates it carries
with it the two eccentrics d* and °, shifting
the latter on and relative to the cr anlz Stht
through a sufficient dlst.;mce to shift the valves
and reverse the engine, it being well under-
stood by those conversant with the art that
it a steam-engine be stopped after having run
1N one chreotlon and 1ts eccentrics be rot‘Lted
in the proper direction through approxi-
mately ninety degrees to one hundred degrees
the engine when agaln started will run in an
opposite direction.

The point of cut-off for the low- -pressure
valve for the best results should be later than
that ofthe high-pressure valve. Consequently
In reversing the low- pressure valve from a

olven point of cut- oﬁ in one direction to g

corresponding cut-off in a reverse direction
the low-pressure eccentric is required to move
through a greater distance than the high-pres-
sure eccentric. 1 have found with the engine
here shown that for the best results the low-
pressure eccentric should be shifted through
approximately one hundred and four deorees
while the high-pressure eccentric should be
shifted throua‘h not more than ninety-three
degrees, and since both eccentrics are shifted
by one and the same sleeve ', which of course
must move a suflicient cllstance to shift the

eccentric requiring the greatest movement.
1t becomes necessary to promde a lost motion
between such sleeve and the low-pressure ec-

centric- having the least shifting movement.
This 1 have accomphshpd by mounting the
- high-pr essure eccentric loosely upon the sleeve
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', as described, instead of keying 1t thereto,
as is the low-pressure eccentric. The high-
pressure eccentric is further provided with a
laterally-extended stud 7%, (see Figs. 14 and

16,) which stud is extended through aslot ¢

in the low-pressure eccentric °.  When,now,
the eccentrics are to be shifted for reversing,

. 721
the sleeve ¢ and low-pressure eccentric «

will move foradistance approximately eleven’

deorces before the end of its wall " will meet
the stud ¥, after which; acting through said
stud, the two eccentrics will move in unison.
Conversely, upon return movement of the
low-pressure eccentric foragain changing the
direction of the engine such eccentric will
move through the same distance—viz., eleven
degrees—to and in an opposite directicn be-
fore the other end wall of said slot will meet
the said stud and carry with it the high-pres-
sure eccentric.

The shiftine movement of the high - pres-
sure eccentric «° is limited in both directions
by a stop 2%, Fig. 13, on the collar ¢', which
stop is accurately positioned to permit the
said eccentric to shift through the required
distance for reversing its valve. Consequently

when shifting in either direction against this-
stop the said eccentric is held tightly clamped | .
shown, the springs 6, supporting the leading

or positioned between said stop, on the one
hand, and the end wall of the slot in the low-
pressure eccentric acting upon the stud %,

on the other hand, thus guarding against any
possible looseness, the low-pressure eccentric !

itself being held firmly in either of 1ts posi-
tions by the cooperating slots 4" and «".
The voke O (see Fig. 13) has its arms pro-
vided with studs 0%, which are engaged by the
depending arms o (see Figs. 1, 3, and 5) on
the reversing-shaft o™,
A water-pump P, Figs. 1 and 4, arranged

upon the outside of the well-casting C, hasits |

plunger p actuated by an arm p’ on a short
shaft »” entering the well - casting through
the end wall thereof and baving its bearings
therein, said shaft within said casting being

provided with an arm »°, connected by a rod

»* with the piston of the adjacent low-pres-
sure cylinder. Thus the pump is retained
exterior to theengine-casting for convenience
of access, yvet it is connected with the operat-
ing parts within the pump without the neces-
sity for any packing, thereby simplifying the
construction and reducing oversight and at-
tention to a minimum. At the same time
practically all the working parts are arvanged
within the well - casting to be freely lubri-
cated by the oil carried in ¢uantity in the
well-casting and which is thrown in all di-

rections to and over all bearings by the rapid |

rotation or movement of the parts therein.
The eccentrics, rods, and connections likewise
are arranged in a housing 3, the only protrud-

ing part being the end of the bushing ¢, which |
surrounds the plug-stem o* and which has no 1 Fig. 6, whereby said

|

|
|
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yotative movement whatsoever, but merely

out-and-in movement, requiring little lubrica-
tion and admitting little or no dirt. Sincethe
nrincipal movements of the engine will be 1n
o forward direction, I have so arranged the
parts that the plug occupies an inward posi-
tion to produce forward motion of the engine
and have provided a packing-washer 0™ at the
inner side of the bushing-flange o', which dur-
ing forward motion of the engine is brought

close against the protecting-housing S, further
to guard against possible entrance of dirt to
the interior thereof.

The reduced end of the erank-shaft from the
tace of the nearest crank to its end 1s made tu-
hular. as shown in Fig. 14, with a conical en-
trance terminating in a sharp edge . This
sharp edee picks off any oil flowing or moving
across the face of the erank and directs 1t into
the interior of the crank-shatt, from which 1t
works through all the various bearings ac-

cessible therefrom, thereby to lubricate the

SMe.

Referringnow to Fig. 17, L have illustrated a
typical motor-vehicle comprising the leading
or steering wheels 1, rear or driving wheels 2,
the spring-supported body 3, provided with a
seat 4, and a steering - wheel 5. As herein

end of the vehicle, are of the French type, the
lower members 7 thereof extending rearward
and upward to the body, to which they are con-
nected at 8, forming a strut-like connection be-
tween the body and front axle to aid in main-
taining the latter in proper relative position.
The rear springs 9 are full elliptic springs and
have jointed to their leading ends the distance
members or struts 10, in turn jointed to brack-
ets 11, depending from the body. The burner
is indicated at 12, the same being arranged be-
neath a usual steam-generator, (not shown,)
and the engine is indicated at A', the same
being suspended from a pivot or trunnion at
13 to permit it to maintain its alinement
notwithstanding the spring-supported move-
ments of the body. The crank-shaft of the
engine is connected by a slip-joint at 14 with
o drivine-shaft 15, geared in suitable manner
to the driving-wheels of the axle thereof.
The throttle at F, Figs. 1, 5, and 6, may be
operated in suitable manner from the seat, 1
having herein shown a vertical tubular shaft
16, provided with a horizontal swinging throt-

tle-handle 17, the throttle-valve belng con-

nected to the bottom of said shaft 16 by a rod
18, whereby rotation of the latter by 1ts throt-
tle-handle will eause said throttle to be opened
and closed, as desired.  Within this tubunlar
throttle-shaft 16 1 have arranged a starting-
shatt 19, provided with a starting-handle 20and
conneeted at its lower end by a rod 21 with a
bell-erank 22. in turn connected by a rod 23
with the starting or controlling valve stem A,
valve may be moved from
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1ts Tull-line position, Fig. 6, into its dotted
position for starting and for heavy duty and
returned again to its full-line position to en-
able the engine to operate as a compound. ™ A
reversing-lever at 25, Fig. 17, herein shown
as foot-operated, is connected in a suitable
manner, as by the horizontally-connected rod
and bell-crank, with the rod 26, the latter be-
ing 1n turn connected with the arm 24 on the
reversing-shaft o, Fig. 3, whereby to rock
sald shatt and for shifting the eccentrics to
reverse the engine. .

My 1nvention is not limited to the particu-
lar embodiment thereof here shown and de-
scribed, but may be varied without departing
from the spirit and scope of the invention.

I claim—

1. A single-acting four-cylinder compound
engine provided with two valves, one of the
valves controlling admission to and exhaust
from the two high-pressure cylinders, the
other controlling admission to and exhaust

from the low-pressure cylinders, and an in-
termediate controlling -valve for exhausting
the high-pressure cylinders independently of
the low-pressure cylinders and admitting live
steam to the latter for operating the engine as
a simple engine.

2. A single-acting four-cylinder compound
engine, the same having its high-pressure cyl-
inders arranged together and its low-pressure
cylinders arranged together, with a single
high-pressure valve controlling both high-
pressure cylinders, a single low-pressure valve
controlling both low - pressure c¢ylinders, an
engine crank-shatft, an eccentric operatively
connected to each of said valves and means to

D

1mpart differential rotative movement to the
sald eccentrics one by and from the other.

3. A single-acting four-cylinder compound
engine, the same having its high-pressure cyl-
inders arranged together and its low-pressure
cylinders arranged together with a single
high - pressure valve controlling both high-
pressure cylinders and a single low-pressure
valve controlling both low-pressure cylinders,
means to operate said valves and .means to

permit the continued operation of said engine

as a four-cylinder simple engine.

4. A single-acting four-cylinder compound
engine provided with a single high-pressure
valve for the high-pressure cylinders and a

single low-pressure valve for the low-pressure

cylinders, means to operate said valves and a
single controlling -valve to simultaneously
permit the passage of the high-pressure ex-
haust to the engine exhaust-pipe and the pas-
sage of live steam to the low-pressure cylin-
ders, permitting the éngine to be operated as
a simple engine. -

5. An inclosed single-acting engine com-
prising a plurality of cylinders, pistons there-
1n, a crank-shaft operated thereby, valve-op-
erating shifting eccentrics on said crank-shaft,
all of said parts being.inclosed and exteriorly
accessible means. for shifting said eccentrics
to reverse the engine.

In testimony whereof I have signed my name
to this specification in the presence of two sub-

- seribing witnesses.

DANIEL E. JOHNSON.
Witnesses:
FrepERICKE L. EMERY,
E. H. STocKER. |
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