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1o all whom it may concern:

Beitknown that I, CHARLES C. PROTHEROE,

of Richmond Hill, borough of Queens, city and
State of New York, have invented certain new
and useful Improvements in Reciprocating

Engines, of which the annexed is a specifica-

tion. | |

Myinvention consistsin combining with the
reciprocating piston-rod of a reciprocating en-
gine a ball-bearing, such ball-bearing con-
sisting of two or more balls which, in combi-

the piston-rod in its reciprocating movements
and at.the same time serve to reduce friction
at the eross-head, of guideways in the piston-
rod and supporting the balls of my bearing in
contact with the piston-rod, wherein plane
surfaces only contaet with the balls, and, fur-

ther, of means for adjusting the position of
the balls simultaneously and uniformly with-

reference to the longitudinal axis of the re-
ciprocating member and in the various other
combinations set forth in the claims. =
In the accompanying drawings, Figure 1 is
a vertical section showing my ball-bearing
slide in combination with the piston-rod of a
| Kig. 2 is
transverse section of the ball-bearing through
the line 2 2 of Fig. 1, showing one form of ad-
justing-screws; and Fig. 3showsanother form
of adjusting-screws with their collars.
Similarcharacters of reference indieate like
parts. o L
A represents the engine-cylinder, B the pis-
ton-rod, C the cross-head with ball-bearing

slide, D the pitman, E the crank, and F the

crank-shaft, which may be of the usual and
ordinary construction. . B

Upon the engine-bed N is the raised plat-
form O, of suifable width and length to serve
as a support for the ball-bearing slide. This
platform O may form a part of bed N, or it
may be secured thereto or supported by other
suitable means. o

I provide two guideways a and b, which rest
upon the platform O, as shown. - These gnide-
waysareretained byinverted-U-shaped hold-

ers ¢ ¢/, one at each end of the gnideways a

and 0, Fig. 1, and they serve to hold the guide-
ways firmly against the platform O. The
holders ¢ ¢’ are secured to the platform O by
set-serews & & and k' k' or by any suitable

Mem - rema e e —e—

means. Theguidewaysa and b are thus per-

mitted a motion toward and away.from each
other, while at the same time firmly seated
upon platform O. Othersuitable means may
| be employed to seat the guideways which will
‘permitof thedesired movement.
rod B is enlarged at d, as shown, where it
| passes between the guideways ¢ and b, and
its longitudinal axis is substantially parallel

The piston-

thereto.

In each guideway a and b is cut a groove
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formed by the plane faces [ and [, respec-

tively. These faces are inclined at about
ninety degrees to each other, respectively,
and they are each inclined at about forty-five
degrees tothesurface of platform O, asshown.

They extend the entire length of their re- -
spective guideways. In the enlarged part d

of piston-rod B are cut simiiar grooves, one
apon each side, as shown, formed by the plane
faces s and s', respectively, the planes of

70.

which are each parallel to the longitudinal

axis of the piston-rod. These grooves each
extend the entire length of the part ¢. They
are upon opposite sides of the piston-rod, as
shown, and when retained in position, as
hereinafter described, by the balls e and f

75

plane faces [ and s’ will be at all times sub- 8o

stantially parallel to each other as piston-rod

B reciprocates, as will also plane faces ! and

s. Two balls eand f, preferably of hardened
steel, are placed between the faces, asshown
in Fig. 2. Tnusfacesll'ss at one side of pis-
ton B retain ball e and corresponding faces
[ I' s s’ at the other side retain ball # By

'such construction each ball bears against four

plane surfaces. These four bearing-points

-are substantially in a vertical plane ninety
degrees, or thereabout, removed from each
other, respectively, as shown., o

- h k' are right and left threaded screws re-
tained by collars on the sides of each of the
holders ¢ ¢, as shown, and geared together by
bevel-gears 2.4' 7 7' and shaft g, snitably sup-

ported on one side of holders ¢ ¢’, Fig. 2. The

shaft g is also provided with a hand-wheel 1.
Right and left threaded serews h A’ pass

through guideways a and b, which are thread-

ed to receive them. It will be obvious that

by tarning hand-wheel u through the gear
connection screws i i, acting together, will
cause guideways a b to approach or recede

go
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2

from each other as desired and that faces[ ! |

of the guideways will advance balls ¢ and f
radially toward the longitndinal axis of pis-

ton-rod B. The advance of the balls toward
the longitudinal axis of the piston by the mu-

tual approach of the guideways at each end
thereof above described will be uniform and

‘will. furnish ready adjustment for the Dall-

bearing, while aiding to retain the accurate
adjustment of the piston-rod aund also pre-
vent the rotation of the piston-rod. .

In Fig. 2 is shown plate ¢ at the end of the
ocnideway b. This has been removed from

cuideway « to show internal construction. I

secure such a stop-plate as g at each end of
each guideway a b to prevent the escape of
either ball e or f from its guideways. Ob-
viously stop ¢ may be constructed in various
shapes and secured to the guideways a or 0
in different modes. The construaction here
shown is simple and aids in the assembling of
parts. Set-screws 7 r hold plate ¢ in place.
The plate ¢ may be secured in position after
the balls have been placed between their re-
spective guideways. In Fig. 2 arealsoshown
stops £, secured at the end of the right-hand

‘groove in the piston-rod, as shown. This.

stop has been removed from the left-hand
oroove in that figure to show internal con-
struetion. I place such a stop as ¢ at -each
end of each groove of the piston-rod. They
serve to compel the assembling of the balls
in substantially the same plane transversely
to the path of the piston-rod at each end of
each stroke, as hereinafter described. Ob-
viously they may be of various shapes and
secured to the piston-rod in different modes.
They are arranged to pass freely between the

euideways a b with their stops g, as shown.

Instead of enlarging the piston-rod where
it passes between the guideways in construct-
ing the grooves formed by faces sand s’ these
grooves may be cut into the rod itself.

The operation of the device is as follows:
In Fig. 1 T have shown the engine at mid-
stroke, with crank-arm E at the highest point
of elevation moving over from left to right,

as shown by the arrow. In Fig. 2 I have |

drawn the dotted broken lines z &', v %', and
z z', each passing through the center of ball
e, to represent; the several axes upon which
that ball may be caused to revolve in the op-
eration of thedevice,as hereinafterdescribed.
It will be obvious that with a horizontal en-
ogine such as here shown the piston-rod B
rests by its weight in a direction vertically
downward upon both balls e and /' and that
in the absence of other forces operating to
alter this condition as the piston-rod recip-
rocates balls e and f will be rolled by faces s
of the piston against faces ! of the guideways
a and b, and they will thus be in contact with
and roll along both faces, and that the ball ¢,
for instance, will therefore be caused to re-
volve substantially upon the line v ' as an
axis. So long as the preponderance of pres-

sure in the operation of the engine is verti- |

with either face.
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cally downward substantially this same con-
dition willcontinue. Thus the distance trav-
eled by ball e, for instance, at the point of
contact with face s will be substantially the
same as the distance traveled by the oppo-

‘site point of that ball in contact with face /.

70 =

By this means substantially no slipping of

ball e is permitted. Should the preponder-

ance of pressure be at any time in the opera-.

tion of the engine vertically npward from any

will be rolled by faces s of the piston-rod

| against faces [ of the guideways, thus revoly-

ing substantially on the line o ' as an axis,
and there will again be substantially an ab-
sence of slipping of the ball in its contact
Should now the force gen-
erated in the operation of the device result
in a preponderance of pressure in either di-
rection laterally, then it will be obvious that
ball e, for instance, should the lateral pressure
bearagainst that ball,would be rolled by faces
sand s against faces/and!'substantiallyupon
the line 2z 2’ a8 an axis and that the distances
traveled by ball e at its . _
with faces s and s’ will be substantially the
same as the distances traveled by the oppo-
site points of that ball in contact with faces!
and ', and there will be again substantially an
absence of slipping of the ball in its contact

“with all four faces. Where, as just described,

a preponderance of pressure is exerted upon
the ball e, ball f will be partially relieved
from pressure and may be found to be loose
and to lag behind. This loose ball will then
be rolled or slid along by one of the stops?
of the piston-rod as it reciprocates in order
that the balls may be found in substantially

| the same plane transversely to the longitudi-

nal axis of the piston-rod at each end of each
stroke thereof. Bythis means the balls are al-
ways ready in position to begin a new stroke
at the termination of the preceding stroke.
If now in the position shown in Fig. 1 the
pressure upon the balls be either vertically

points of contact

75

cause, it will be obvious that balls e and |
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downward or upward, as the piston-rod ad- .

vances from mid-stroke to the end of its stroke
it will roll the balls e and f toward the right-
hand end of the guideways. If, however,the
pressure be lateral upon either ball, as the

s

piston-rod advances that ball which receives

the pressure will be rolled positively by the
piston-rod to the right-hand end of its guide-
ways and the loose ball will be positively
pushed or slid by the stop ¢ of the piston-rod
also to the right-hand end of its guideways,
where they meet stops ¢g. Again,on the stroke
from right to left,whether the pressure be up-
ward, downward, or lateral, the balls will be
rolled from the right toward the left along
the guideways by the positive action of the
piston-rod or by stops ¢ to the left-hand end
of their guideways, where they again mect
stops ¢. The path of each ball 1s about one-

half the length of the stroke of the piston-rod. -
The length of the guideways, as well as the
length of the enlarged part d of the piston-
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rod, is the1ef01e to be arr .-.mned In view of the "
-path of the ball and of 1tS diameter, and I
find that the better construction is one which
provides sufficient length in n*uldewe} S ¢-and

b that the balls may be rolied in each direc-

tion without being .brought into actual con-

tact with stops g at either end thereof.
proper use of adjusting-serews & A’ p

By
racti-

cally all slipping of the balls in their contact'

either with the piston-rod or with gnideways

a b may be prevented and rolling friction

provided to receive pressures at the Cross-
head substantially atall times. In combina-

tion with the cylinder my ball-bearing slide
supports the piston-rod in. its movements |
Obviously more than two balls may be used
in the device surrounding the piston-rod and.
provided with their reepectwe guideways in

the piston-rod and for the support of each
ball, and these guideways may each be pro-

o Vlded ‘Wwith plane Surfeeee for contact with

In Flg a1 show enohher meaus of ad,]ust—

‘ment whereby the pressure of each ball

‘against the piston-rod is independently regu-

- lated. Inthat figure, "' isan adjusting-serew,

30

Shown at, the upper side of one end of guide-
way a. It is to be understood that two such
screws are placed at eeeh side of inverted-U -
shaped holders cand ¢’ at top and bottom, re-
spectively. They are threaded i in part whel e

they pass through the holdersc ¢, which lat- |
reciprocatingengine and its piston-rod of balls

- ter are thleaded to receive them and they
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~are smooth where they pass throuo*h guide-

ways a or b. Two collars 1 and "9 are se-
cured.at the ends of the smooth part of each
adjusting-screw externelly cuideways ¢ and

b, reepecbwely and in close proximity there-

te They serve to compel the motion of
guldeway a or b toward or away from the

_piston-rod when the set-screws are turned.

u' is a hand-wheel placed at the end of each
serew to enable them to be turned readily.
Thus it will be obvious that either end of
either guideway ¢ orb may beadjusted nearer
to or farther from the piston-rod and the
pressure of ball e or f regulated. The proper
adjustment of piston-rod may also thus be
regulated. |

In Fig. 2 are shown in section pletes m, Se-
cared by set - secrews n to faces [ and I' of
guideways o and 0, respectively. Plates m,
preferably of herdeued steel, are placed in

the position shown between the hardened

ball and the softer material of the gunideways

to receive any impact of the balls and to
afford greater resistance to wear and tear,

thereby tending to preserve proper alinement
of the parts. They extend throughout the
length of facesl/', respectively, and are of uni-
fo__ml width and thickness. Secured by set-
screws p to faces s and s', respectively, of
piston-rod B are similar hardened plates o.
Plates o extend. throuehout the length of
faces s s, respectively. These latter serve

- the same purpose as plates m, above de-

| taet,

sir ed Any obther means may be employed to
preserve the surfaces of facesl, 7, s, and s

_Whleh will acoompllsh the desired ob;]ect

70

The device may obviously be applied to

other 1e<31procetmn' rods -provided with such

support as is afforded by the eylinder-head

for the piston-rod. One of the advantages of

-the device 1S the reduetmn of frletmn

1 ¢laim—
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1. The combmatlon w1t11 the 05 lmdet of a _

reciprocating engine and its piston-rod of a

ball-bearing for said piston-rod, means actu-

‘ated by-said piston-rod and constructed ‘and
| operating.to positively move the balls of'said -
‘bearing over a path of definite extent corre-
spondmn' to that of the path of said piston-rod, -
:means for independently regulating the pres-
sure between each of the balle of said bear-
‘1ng -and said piston-rod, and means. operated

by said pisten-rod for econverting the recipro-
cating motion thereof into rotary motlon, sub-

.stantially as described.

2. The combination with the eylmder of a

30
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3. The combination with the eylmder of a

in contact with said piston-rod, waysor guides

respectively supporting said balls in said con-

formly adjusting said ways or gnides nearer
to or farther from said piston- 10d & pitman

connected to said piston-rod and a crank arm -
and crank-shaft connected to and adapted to -

100

means for simultaneously and uni- |

) | 0'5'

be operated by said pltman substanmﬂlly as’

described.
4. The combmetwn with the- cylinder of a

I1IO

reciprocating engine and its piston-rod of balls

in contact with said piston-rod, , Waysor ouides
borne by said piston-rod receiving said balls,
means supporting said balls in sald contact,

‘means for independently regulating the pres-
sure between each of said ballsand said piston-

rod, means actuated by said piston-rod and
constructed and operating to positively move

the balls of said bearing over a path of defi-
nite extent corresponding to that of the path

115
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-of said piston-rod and means operated bysaid -

piston-rod for converting the reciproecating

motion thereof into rotery motion, substen-
tlally as described.

5. The combination with the oylmder of a

125

reciprocating engineand its piston-rod of balls

‘in contact with seid piston—rod_, ways or guides

borne by said piston-rod receiving said balls,

ways or guides respectively supportmcr sald,

ballsin ee1d contact, means foradjusting said

therfrom said piston- rod and means operated
by said piston-rod, means actuated by said

scribed. Kither may be renewed when de- lplston rod end constructed and operating to

130

last - named ways or guides. nearer to or far-. .

90
reciprocating engine and its piston-rod of a. .
‘ball-bearing for said piston-rod,; means forsi-
_:_multeneouely and uniformly. a,d;]ustmﬂ' the
pressure between the balls of said bearing and

said piston-rod and means opelated by said
{. plston-rod- for converting the 1e01proeatmﬂ':
‘motion thereof into 1otery 1’]]013101] eubstan-
‘tially as described. : |




“in contact with said piston-rod, waysor guides |
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positively move the balls of said bearing over
a pathof definite extent corresponding to that
of the path of said piston-rod for converting
the reciprocating motion thereof into rotfary
motion, substantially as described. '
6. The combination with the eylinder of a
reciprocating engine and its piston-rod of balls

substantially parallelto the path of and borne
by said piston-rod receiving said balls, ways

or guides respectively supporting said balls

in said contact, means for simultaneously and
uniformly adjusting said last-named ways or
cuides nearer to or farther from said piston-
rod, means actuated by said piston-rod and

constructed and operating to positively move

the balls of said bearing over a path of defi-
nite extent corresponding to that of the path
of said piston-rod and means operated by said
piston-rod for converting the reciprocating
motion thereof into rotary motion, substan-
tially as described. |

7. The combination with the eylinder of a
reciprocating engine and its piston-rod of
ways or guides borne by said piston-rod, plane
surfaces parallel to the path of reciprocation

- of said piston-rod on the ways or guides there-
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of for contact with the balls, balls in contact
therewith, means supportingsaid ballsin said
contact and means operated by said piston-
rod, means actuated by said piston-rod and
constructed and operating to positively move
the ballsof said bearing over a path of definite
extent corresponding to that-of the path of
said piston-rod for converting the reciprocat-
ing motion thereof into rotary motion, sub-
stantially as described.

8. The combination with the eylinder of a
reciprocating engine and its piston-rod of
waysor guides borne by said piston-rod, plane
surfaces parallel to the path of reciprocation
of said piston-rod on the ways or guidesthere-

694,076

of for contact with the balls, balls in contact
therewith, ways or guides respectively sup-
porting said balls in said contact, plane sur-
faces on said last-named ways or guides sub-
stantially parallel to the path of reciproca-
tion of the piston-rod for contact with said
balls, means for adjusting said last-named
ways or guides nearer to or farther from said
piston-rod and means operated by said pis-
ton-rod for converting the reciprocating mo-
tion thereof into rotary motion, substantially
as deseribed. S |

9. The combination with the c¢ylinder of a
reciprocating engine and its piston-rod, ways
or guides borne by said piston-rod, plane sur-
faces parallel to the path of reciprocation of
said piston-rod on said ways or guides for con-
tact with the balls, balls in contact therewith,
ways or guides respectively supporting said
balls in said contact, plane surfaces on said
last-named ways substantially parallel to the
path of reciprocation of said piston-rod for
contact with said balls, means for simulta-
neously and uniformly adjusting said last-
named ways nearer to or farther from said

piston-rod and meansoperated by said piston-

rod for converting the reciprocating motion
thereof into rotary wmotion, substantially as
described. - . '

10. The combination with the eylinder of a
reciprocating engine and its piston-rod 15, of

faces s, s', plates o, 0, secured thereon, ball

e, faces [, I', plates m, m,.secured thereon,
guideway ¢, means sustaining said guideway
in supporting said ball against said rod and
means of adjusting said guideway nearer to
or farther from said rod, substantially as and
for the purposes* described.

CHAS. C. PROTHEROL.
Witnesses: ' '
JOHN TOBIN,

JAMES G. IS, LLEE.
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