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?. ??? ? to all whom it many consern. 
iše it known that I, FRANCIs HoDGKINSON, 

a subject of the King of Great Britain and 

Opposed to the blade drums, the rotor is 
?????! with balance-pistons rendered ef. ective by means of steam passages 7, one 

i reland, residing at Edgewood Park, in the only of which is illustrated, and by a pas 
culty of Allegheny and State of Pennsyl 
varia. :ve invented a new and useful Im 
li's) veheat, in Elastic-Fluid Turbines, of 
which the following is a specification. 
This invention relates to elastic fluid 

turbines, and more especially to governing 
}}eans therefoi'. 
4 in object of this invention has been to 

35 

pi'ovide effective governing means for steam 
or other' elastic fluid turbines, whereby a sub 
stantially uniform speed may be maintained 
through a wide l'ange of load variations. 
This, as well as other objects which will be 
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4. C 

3. 5 

apparent to those skilled in this particular 
art, I attain by means of the mechanism 
described in the specification and illustrated 
in the accompanying drawings in conjunc 
tion with a particular type of steam turbine. 

it will be understood that this invention is 
not inited in its application to any partic 
tilar style or type of turbine, and a particu 
lar type is here shown only for the sake of 
istration. 

ereinafter the working fluid will be re 
ferred to as steam, with no intention, how 
{ver, of limiting the appended claims to 
steam tubines. 

in the drawings, Figure 1 is a longitudinal 
secticial view of a steam turbine to which this 
i) ventie») va ay be applied: Fig. 2 is a longi 
: it iai secticial view of the inlet's portion 
of the rbije ilustrated in Fig. 1, showing 
{ i1 : : :t:t(3 i} 1:h ti(: V?; !\?t:}. fo»I?nning a p»art of this 
in vetic, i; ipºsiti: : Fig. 3 is an end view 
in elev: iio) a portion of a turbine 
s' tipped with this invention, and Fig. 4 is 
}} (leta i view of a governor which may be 
: tilized with this invention: Figs. 5 and 6 
are diagrams hereinafter described. 

'The turbine proper, as illustrated, con 
sists of i wo essential elements, a casing or 
stator 5 and a rotor or 'otating part 6. 
Tie rotor is built up of blade supporting 

drils () inted on shaft ends which project 
thi'i gi the casing ends and are journaled 
wiiiii sui tale bearings. 'l'he drums, for 
reas as of an facture, are stepped and of 
i; (''easing claimeter's to provide for proper 
sean expansion. 

e 8 subjecting the reverse sides of the 
lance-pistons to the exhaust pressure. 
The internal portions of the casing corre 

spond to the several dimensions of the rotor 
and its parts, and its inner surface is adapt 
ed to carry rings of fixed blades to alternate 
with the blades with which the rotor is 
adapted to be provided. 
The governing mechanism is constructed 

and arranged so that the steam enter's the 
turbine in puffs, and not in a continuous 
blast. Speed regulating is, therefore, act 
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complished by proportioning the duration of 
the puffs to the load. This is done by means 
of a small pilot-valve 9, actuated directly by 
the governor which thereby controls the 
steam passing through the main puppet-ad 
mission-valve 10. . . 
When the turbine is in operation, the main 

or primary puppet-valve 10 is continually 
opening and closing at uniform intervals, bit the periods during which the valve is all 
lowed to remain open are proportioned to 
the load on the turbine. At light load, the 
valve opens for a very short period and re 
mains closed during the greater part of the 
interval. As the load increases the period 
lengthens until finally, at about full load, 
the valve does not reach its seat at all, and 
approximately continuous pressure is ob 
tained in the high pressure end of the tur 
bine, or between the points al-a in Fig. 2. 
On the load becoming further increased, an 
auxiliary or secondary valve 1 begins to 
open and to admit stean to ... the al?nt?lar 
space 12 at the beginning of the intermediate 
drum of the rotor where the stearn working 
areas are greater; this increases in prºpor-. 
tion the total power of the turbine. The operation of the secondary puppet 
valve 11 is the same as that of the main ad 
mission valve, so that the governor auto 
matically controls the power and speed of 
the turbine from no load to such overloads 
as are usually beyond the limits of the gener 
ating apparatus with which they are gen 
erally utilized. With this method of gov. 
erning, the turbine operates at its best efi 
ciency at or near full rated load, although 
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possessing at the same time large overload chronously with the rotation of the tur 
capacity with remarkably high efficiency. bine rotor by means of a cam 25 driven from 
The primary admission valve.-The main 

admission valve 10, which controls the 
steam admitted through an annular port 13 
at the beginning of the high pressure Sec 
tion, is raised from its seat during its recip 
locations by means of a motor connected to 
its stem which motor consists of a steam-pis 
to 14 and a spring 15. The piston is sin 
gle-acting and the steam is admitted to its 
inderside through a port or channel 16 and 
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exhauster through the channel 16" under the 
control of pilot-valve 9. The channel 16 is 
materially smaller than the channel 16 and 
when the channel 16 is open to the exhaust, 
steam admitted through the channel 16 is 
negligible. The seating of the valve is ac 

20 
complished by means of the spring 15 act 
ing in conjunction with a dash-pot or tim 
ing device formed by piston 17 located 
within a cylindrical portion 18 of the valve 
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stem chamber. A hand-lever 19 is provided 
for opening the valve during the warming 
up operation. 
The secondary admission valve.- The con 

struction of the secondary admission valve 
is similar to the primary admission valve in 
most respects, and its operation is controlled 
by a pilot-valve 20. For the sale of visibly 
indicating the operation of the secondary 
valve, the end of its stem is reduced and re 
ciprocates within a sight-glass 21 provided 
for that purpose. 
Any desirable kind of a throttle-valve in 

the steam-line between the boiler and the 
turbine may be utilized to control the flow of 
steam through the admission port 22. Dur 
ing normal.load and all loads below normal, 
the secondary admission valve 11, as before 
said. 1'emains closed. During all loads above 
normal, the steam passing through the sec 
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ondary admission valve, passes first through 
the primary admission valve, which remains 
Open. . . . 
If desired, a partition similar to the one 

indicated by dotted lines in Fig. 2 could sep 
arate the two valve-chests and partition 22* 
would be cut away, so that the secondary 
admission Valve would be supplied with 
steun direct from the adunission port 22 
without first passing through the primary 
admission valve. The construction shown, 
however, it is believed is preferable, owing 
to the fact that all of the steam passing to 
the turbine can be shut. off by the primary 
admission valve, which would not be the 
case with the alternative construction. 
The governor, which is here shown of the 

fly-ball type muerely foi" the sake of illustra 
tion, raises and lowers the fulcrum 23 of the 
lever 24, which lever causes both of the pilot 
valves to regularly 'eciprocate. 
The lever 24 is regularly reciprocated syn 

valve as indicated in Fig. 5. 

the turbine-shaft 26 through suitable gear 
ing 27. The stems of both pilot-valves, by 
means of suitable links and lever connec 
tions, are reciprocated by a rock-shaft 28, op 
erated by lever 24 through links 29 and 30 
and the rock-shaft 31. . 

It will be seen that as the lever 24 is regu 
larly reciprocated, and as the position of its 
fulcrum is dependent upon the position of 
the fly-balls, the planes of reciprocation of 
the two pilot-valves will vary as the position 
of said fulcrum varies. The connecting Liechanism between the le 
ver 24 and both of said pilot-valves is such 
that the pilot - valve controlling the sec 
ondary admission valve 11 will reciprocate 
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between ineffective limits during normal 
load and all loads under normal and the sec 
ondary admission valve will therefore re 
main closed. When the speed of the turbine 
drops below normal and the fulcrum 23 is 
lowered, the pilot-valve 20 for the secondary 
admission valve will reciprocate between ef 
fective limits, and thereby cause the sec 
ondary valve to operate and to open at regu 
lar?intervals. 
The operation of the primary admission 

valve is shown in Fig. 5, which represents 
Some indicator cards taken on a 1250 k. W. 
turbine at various loads, the indicator being 
attached to the admission port. 13, and the . 
indicator barrel revolving at constant speed 
by suitable means. It is seen that at light 
loads the valve opens for very short periods 
and remains closed during the greater part. 
of the interval. As the load increases, the 
valve remains open longer until finally con 
tinuous full pressure is obtained in the high 
pressure end of the turbine, and it will be 
seen that at this time the valve does not 
reach its seat at all, but is merely pulsating 
without sensibly reducing the pressure of 
steam in the turbine. On the load being still 
further increased, the secondary admission 
valve will begin to open and admit high 
pressure steam to the annular inlet 12, to the 
intermediate section, and the operation of 
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this secondary valve while the primary valve. 
is admitting continuous full pressure, would 
be the same as the operation of the 

ll5 
primary, 

The performance of a turbine equipped 
with a secondary valve embodying this in 
vention is illustrated in Fig. 6, which shows 
an economy test on a turbine where tests 
were made up to 76 per cent. overload. The 
economy, it will be observed, drops off 
slightly as the secondary valve opens, but, on 
the other hand, the range of load at which the turbine may be economically operated is 
greatly extended, in this case from 400 to 
over 1,000 B.H.P., with the steam consump 
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The governor may be materially modified, . 
and, if desired, a different type of governor 

O 
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stage, independent motor moved valves reg 
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vals, the periods of which are proportional 
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dependent on the turbine speed whereby said 

'luatically controlled, and mechanism opera 

934,915 

tion varying from 13.2 to 14.3, or but slightly 
over 8 per cent. from that of maximum ef 
ficiengy. - 

It will be understood that various changes 
in the mechanism may be made without de 
parting from the spirit of this invention. 

may be utilized. For the primary and sec 
ondary admission valves, Corliss valves may 
be substituted for the puppet valves, and the 
valve motors changed to suit. Both the pri 
mary and secondary valves may be operated 
elecº trieally, or either may be operated di 
rectiy from the governor through suitable 
mechanism, but . 
Having thus described my invention, what 

I claim às new and useful and desire to se- ! 
cure by Letters Patent is: 

1. In a multi-stage elastic fluid turbine, a 
fluid inlet to the high pressure stage, a sup 
plemental fluidiniet to an intermediate 
stage, Valves regulating said inlets, means 
Valves are automatically controlled, and 
mechanism whereby said valves are caused 
to give pulsations to the entering fluid. 

2. In a multi-stage elastic fluid turbine, a 
fluid inlet to the high pressure stage, a sup 
plemental fluid inlet to an intermediate 
ulating said inlets, means dependent on the 
turbine speed whereby said valves are, auto 
tively connected to said means whereby the 
operation of the valve motors is such that 
the fluid passing said valves is caused to 
pulsate. - 

3. In a multi-stage elastic fluid turbine, a 
primary fluid inlet to the high pressure 
stage, a secondary fluid inlet to an interme 
diate stage, independently operating valves 
regulating said inlets, mechanism whereby at light loads the secondary fluid inlet valve 
is held closed and the primary fluid inlet 
valve is caused to pulsate at constant inter 
to the turbine speed, and means whereby 
when the primary fluid inlet valve remains constantly open the secondary fluid inlet 
valve is caused to pulsate. 

4. In an elastic fluid turbine, a main fiuid 
inlet at the high pressure end, a pulsating 

: 

yalve controlling said inlet, a high pressure 
inlet intermediate of the main fluid inlet and the low pressure end, a pulsating valve con 
trolling said inlet, a speed governor and 
means between said governor and said valves | 
whereby the pulsations of said valves are in dependently and automatically controlled by 
said governor. - 

5. In an elastic fluid turbine, a main fluid inlet at the high pressure end, a supple 
mental fluid inlet nearer the low pressure 

end, a valve between the main inlet and the 65 
Supplemental inlet for controlling the latter 
inlet, a valve controlling the fluid admitted 
to the main inlet and that passing the valve 
for the supplemental inlet, agents for caus 
ing said valves when in operation to pulsate, 
a governor and means dependent thereon 
for automatically operating said valves. 

6. In an elastic fluid turbine, a secondary 
motor operated inlet valve and means mov 
able within a transparent housing for visi 
bly indicating the operation of said valve. 

7. In an elastic fluid turbine, a fluid inlet, to the high pressure stage, a supplemental 
fluid inlet to an intermediate stage, a pull 
Sating valve controlling said latter inlet, and 
means whereby the operations of said latter 
valve is visibly indicated. 

8. In a turbine. having a plurality of in 
let-ports, separate valves for said ports, and 
means operatively connected with the valves 
for opening and closing one at constant in 
tervals while the other remains closed and 
for allowing the first to remain open contin 
uously while the second is open; said means 
including a governor device. 

9. The combination with a turbine-engine having a plurality of inlet-ports, of separate 
valves for said ports, means connecting with 
the valves and adapted to open and close one 
of said ports at intervals, and means to open 
and close the other port and permit the first 
mentioned port to remain open continuously. 
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10. The combination with a turbine-engine. 
having a plurality of inlet-ports, of separate 
valves for said ports, means connecting with 
the valves for opening and closing one of 
the valves regularly, and a governor device 
for colatrolling the position of said means 
so as to regulate the time and degree of the 
valve-opening. . . 

11. The combination with a turbine-engines. having a plurality of inlet-ports, of separate. 
valves for said ports, means for opening and 
closing one of said valves regularly, a vari 
able fulcrum for said means, means for de 
termining the position of the fulcrum, aid, means for opening and closing a second 
valve while allowing the first valve to re 
main open continuebusly. 

12. The ??????????????? with a turbine-engine having a plurality of inlet-ports, of separate 
valves for said ports, means for opening and 
closing one of said valves at intervals, a 
variable fulcrum for said means, and a goy 
ernor controlling the position of the full 
crum and operating to open the second valve 
when the first valve remains open. ..., - 

13. The combination with a turbine-engine 
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having a plurality of inlet-ports, of separate 
valves for said ports, a vibrating lever for 
regularly opening and closing one of Said 
valves, said lever having a variable fulcrum 
constantly-acting means for vibrating sai 





of motive-fluid to aii of the stages, i. i pressing a supply of relatively high-i); 
motive-fuid upon ühe fotive-fui 
has done work in a piurality of stage 

5 in varying the impressed supply as the {}'' 
load varies. 

testimony whereof i have area into 

  

  

  

  


