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i To all whom it may (307ycerm: 
Beit known that I, HENRY GRAFTON, engi 

meer, of Wardrob? Chambers, Queen Victoria 
Street, in the city of London, England, have. 
inwented new and useful Improvements in 
Steam and other Engines, of whichthe follow 
ing is a full, clear, and exact description. 
My invention relates to improvements in 

the high-speed engine for which Letters Pat 
ent of the United States were granted to me, 
dated May 6, 1890, No. 427,231, im whichthere 
are two pistons working in the same cylinder 

| and coupled to cranks on the same shaft 
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placed at such angular distance apart that 
the pistons move for the most part in oppo 
site directions, while their strokes are so 
timed that the one piston is able to fulfill the 
double function of piston and of distribution 
Valve to wholly control the admission and ex 
haust, as hereinafter referred to. Such en 
gine is nearly but not quite balanced, and my 

crank-shaft, and Fig. 2 a central vertical sec 
tion in a plane perpendicular to the crank 
shaft, the Said Shaft being in Section at one 
ofits journals. Figs.3 to 5illustratemy sec 
ond improyement, Fig. 3 being avertical sec 
tion of the valve-piston in the plane of the 

| cross-head, Fig. 4 a similar section at right 

present improvements have for their object | 
to still more perfectly balance it, so as to 
avoid vibration as faras possible when run 
ning at Very high speeds. 
To this end the invention consists in im 

parting reciprocating motion to the cylinder 
ora, liner thereof, such that it will balance 
the otherwise unbalanced component of the 
mass of the pistons and parts Inoving there 
with, such reciprocating motion being im 
parted from the crank-shaft, and the relative 
arrangement of the centers of the cranks and 
eccentrics to that of the shaft-journals being 
Such that the relativetimes and extent of the 
strokes of the pistons in regard to the cylin 
der or liner may be the same at all points of 
the effective stroke of the engine as in the 
partially-balanced engine described in the 
specification of my previous patentaforesaid. 
My improvements have, secondly, for their 

object to dispense with the guides for the 
cross-head of the valve-piston and the jour 
nals for the side connecting-rods and to sub 
stitute a uniwersal piwotal connection of the 
cross-head to the Said piston. 

Reference is to behad to the accompanying 
drawings, forming part of this specification, 
wherein – 
Figures 1 and 2 represent an engine em 

bodying my first improvement, Fig.1 beinga 
central vertical section in the plane of the 

angles thereto, and Fig. 5 a plan. 
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The Same letters of reference denote like parts in all the figures. 
A is the piston; B, the valve-piston. Cis 

the reciprocating cylinder or liner, im which 
the pistons work, as in a fixed cylinder, said, 
liner orcylinderreciprocatingina fixed guide 
cylinder C". Piston Ais coupled to the mid 
dle crank D by a connecting-rod E, (repre 
Sented only by its center line) and piston B 
is Connected to the Side cranks F and con 
necting-rods G (represented only by theircem 
ter lines) by cross-head J, piwoted to a cen 
tra stem B". 
Kare the ports in piston B. 
Hare the live-Steam ports, and I the ex 

halust-steam ports, in the reciprocating cylin 
der or liner C, I", and H" being annular pas 
sages in the stationary or guide cylinder C”, 
with which the ports I and Hare always re 
spectively in communication, notwithstand 
ing the reciprocating motion of the liner-cyl 
inder. Theadmission and exhaust, which are 
controlled by one walve-piston, are as follows: 
The Valve-piston B descends untii the ports 
K K coincide with the live-steam ports II, 
thereby, allowing Steam to be admitted be 
tween the pistons. After the cranks have 
fully passed bytheir dead-centers the pistons 
are separated by the pressure of the Steam. 
When the piston B has moved upward far 
enough, the ports K K coincide with the ports 
I, thereby al?owing most of the Steam to ex 
haust, cutting off enough, however, to actas 
a cushion to prewent a shock to the mechan 
ism. For the purpose of imparting this mo 
tion to the Said cylinder or liner C it is con 
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nected by links and Straps M, jointed to the 
cylinder at m, with the disk-shaped cheeks 
II of the middle crank D, which cheeks act 
as eccentrics; but im order that the relation 
between the pistons and the reciprocating 
cylinder or liner C mecessary for the efficient 
action of the piston Basa distribution-valve 
shallbepreserved the centersd_fof the crank 
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center las the centers of the Cranks are to 
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as to receive reciprocating motion therefrom, 
the axis of the shaft in the partly-balanced the extent and timing of Such motion, With 
engine before referred to, the axis m of the 
crank-shaft being So situated between the 
centers d. fl that the movements of the parts 
arealways in equilibrium about the axis of 
the crank-shaft. 

I have represented in Figs. 1 and 2 the old 
form of cross-head J, whose ends j work in 
guidesj" in the hood of thecasing. In order 
to dispense with these guides and with the 
two journals for the connecting-rods G, the 
cross-head J, instead of being piwoted to a 
stem B', rigidly fixed to the piston B, is piy 
oted at J", as before, to an L-shaped interme 
diatelink O, of whichthelower memberforms 
journals O', whose axes are at right angles 
to the axis J", and which are Seated in a bear 
ing Pon the piston B. These twoaxes being 
both diametrical to said, piston and at right 
angles to one another, the whole constitutes 
a sort of uniwersal-joint Connection between 
the rods Gand piston B, which admits of the 
rods G being bolted to the ends of the cross 
head J, So that in Operation the -piece O, 
rocking on its journals O', admits of the 
mecessary angular movement of the connect 
ing-rods, while the piwot J* permits of com 
pensation for unequal Wear, as before. 
improvement, although showm separately for 
the sake of perspicuity, is applicable to the 
engine shown in Figs. 1 and 2. 

Plaving now particularly described and as 
certained the nature of the Said invention 
and in what manner the same is to be per 
formed, I declare that What I claim is– 

1. In the herein-described engine, in which 
two pistons connected to the same crank-shaft 
move for the most partin opposite directions, 
while the one piston actsalsoasa distribution 
walve to wholly control the admission and ex 
haust, the Combination, with Said pistons and 
their crank-shaft, of a cylinder or cylindrical 
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regard to the timing of the strokes of the pis 
tons, being such that the reciprocating parts 
will always be in equilibrium, as specified. 

2. In the herein-described engine, inwhich 
two pistons connected to the same crank-shaft 
move for the most partin opposite directions, 
while the one pistom actsalsoasa distribution 
walve to wholly control the admission and ex 
haust, the Combination, with Said pistons and 
their crank-shaft, ofa cylinder orcylindrical 
liner Connected by links and straps with the 
disk-shaped cheeks of the middle crank of the 
same shaft, Said cheeks being eccentric to the 
shaft - journals to such an extent and the 
geometrical centerbeing so situated with re 
gard to the geometrical centers of the crank 
pins that the reciprocating part Will always 
be in equilibrium, as specified. 

3. In the herein-described engine, wherein 
two pistons connected to the same crank-shaft 
move for the most partin opposite directions, 
while the one pistonactsalsoasa distribution 
valve to wholly control theadmission and ex 
haust, the combination, with the valve-piston 
and the cross-head, of an intermediate - 
Shaped piece, its transwerse member being 
journaled to the Said piston to admit of the 
angular movement of the Connecting – rods 
attached to the cross-head and the cross-head 
being piwoted to its upright member to per 
mit of compensation for unequal wear, as de 
Scribed. 
The foregoing specification of my improve 

ments in steam and other engines signed by 
methis 28th day of November, 1890. 

HENIRY GRAFTON. 
Witnesses: 

G. F. WARREN, 
Notary Public, London. 

JOSEPH LAKE, 
17 Gracechurch Street, London. 

pins are in the same position relatively to linerconnected With the same Crank-shaft So 45 
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