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Patented Sept. 11, 1951 2,567,581 

UNITED STATES PATENT office 
. TJRBNE, DRIVE 

Ludwig L. Salter, Trenton, N.J., assignor to De 
Laval Steam Turbine Company, Trenton, N.J., 
a corporation of New Jersey 

Application February 28, 1946, serial No. 650,824. 

This invention relates: to a reversible turbine 
drive, particularly of the type adapted for marine 
propulsion, . . 

Reversibility of: a propeller for maneuvering 
is one of the requirements' of a marine propul 
Sion plant. While this requirement does not call 
for any Special device in the case of piston-type 
machines, like diesels or steam engines, various 
means are required for securing reversibility in 
turbine propulsion units, since turbines are es 
Sentially non-reversible machines. Warious 
Schemes for "reversibility have been used in the 
past including turboselectric drive, turbohy 
draulic drive, variable pitch propellers, an astern 
turbine, astern stages in the forward turbine, and . 
others. Generally speaking, all of these schemes 
require a considerable amount of additional ima 
chinery, and, furthermore; some of them are in 
herently of low-efficiency, . Y 
The present invention relates to means for se 

curing reversal of a propeller shaft with only a 
minimum of additional machinery over the basic 
propulsion plant and without impairing efficiency 
either at full or part loads. The invention is ap 
plicable to multi-shaft-turbine propulsion plants, 
and particularly to gas turbine plants with direct 
gear drive. The foregoing general object of the 
invention, as well as other objects relating par 
ticularly to details, will become apparent from the 
following description read in conjunction with the 
accompanying drawings, in Which: 

Figure 1 is a diagram illustrating one embodi 
ment of the invention and 

Figures 2 and 3 are similar diagrams illustrat 
ing alternative embodiments. 

Since the invention is particularly applicable 
to gas turbine plants, it will be described with 
reference thereto, though it is to be understood 
that the invention in its broader aspects is appli 
cable to steam plants. 
Referring first to Figure 1, high, intermediate 

and low pressure turbines are indicated at 2, 4 
and 6 arranged in a Series of stages. The high 
pressure turbine 2 drives through a shaft 8 the 
high pressure compressor 2, While the interne 
diate pressure turbine 4 drives through a shaft 
O the low pressure compressor 4. These tur 

bines and compressors may be of any conven 
tional type, and, consequently, need not be fur 
ther described. 
Air entering at 6 is compressed by the con 

pressors 4 and 2 and delivered through the pas 
Sage 8 to a heat exchanger of usual type con 
ventionalized as an air coil 20 within a chamber 
22. The compressed air passes from the heat 
exchanger to combustion chamber 24 to which 
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2. 
fuel is introduced through a pipe 26. The prod 
ucts of combustion cooled by excess air or other 
wise then pass in series, to the turbines to drive 
the same. The exhaust gases from the last tur 
bine flow through the passages 28 and 30 to the 
heat exchanger where they deliver up their resid 
ual heat content to the air and are discharged at 
32. To the extent so far described, it will be 
recognized that there is provided a conven 
tional gas turbine power plant and it may be 
understood that the simple diagrammed plant 
may comprise any conventional features of such 
plants. 
The low pressure turbine. 6 furnishes the drive 

15 for forward operation of the propeller, its shaft 
38 driving the propeller shaft 44 through the re 
duction gearing 40 and 42. The shaft 38 may 
directly connect the turbine 6 and the reduction 
gearing, or, in some instances, for reasons here 
after stated, there may be interposed a clutch 39. 
In accordance with the present invention, the 
turbine 4 drives a gear 50 through a shaft 46 
and releasable clutch 48, the direction of rota 
tion of this turbine being such that when the 
clutch is "engaged it will serve to drive the pro 
peller shaft in a reverse direction. In combina 
tion. With this arrangement, there is provided a 
by-pass 34 controlled by a valve 36 and directing 
exhaust gases from the intermediate pressure 
turbine 4 directly to the exhaust passage 30 by 
passing the low pressure turbine 6. A valve 3 is 
provided to control flow of gas through the low 
pressure turbine. 

During forward operation, the clutch 48 is dis 
engaged so that the power plant Operates in the 
usual fashion, the system operating at high effi 
ciency with the turbine 6 driving the propeller 
shaft. 
When reversal is required, the power turbine is 

cut out by opening the by-pass valve 36 and by 
partially closing valve 3 and the clutch is en 
gaged, thus reversing the propeller. 
With the power tubine by-passed, an increased 

enthalpy drop becomes available for the reverse 
turbine to provide the necessary excess energy 
from this turbine for astern propulsion. If no 
clutch is provided at 39, the turbine 6 would then 
be rotated idly in a direction opposite its usual 
rotation. In some cases this will be satisfactory, 
there being little OSS involved in this idle rota 
tion. However, in other cases, compression oc 
curring in turbine S may involve substantial 
losses, making desirable the provision of a clutch 
39 which, by disengagement, will permit the 
turbine 6 to remain Stationary. The matter of 
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compression loss is particularly serious since if 
turbine 6 is permitted to operate in reverse direc 
tion, some flow of gas through valve 3 will gen 
erally be required to avoid excessive heating, 
and this flow involves still greater power con 
sumption in the matter of rotation opposing it. 
The arrangement illustrated in Figure 2 is 

fundamentally similar to that of Figure i but is 
applicable to higher speeds of turbine operation 
for which it would be difficult to provide a clutch 
directly connected to the turbine shaft. In this 
case, the turbines are indicated at 52, 54 and 56, 
and the compressors at 58 and 60. The lower 
pressure turbine again drives the propeller shaft 
64 through the reduction gearing 60 and 62. How 
ever, the clutch 70 is interposed between the first 
reduction gearing 66 and 68 driven by the tur 
bine 54 and the final reduction occurring between 
72 and 62. In this case also the turbine 54 is 
driven so that when the clutch is connected the 
propeller shaft is reversed. 
The by-pass 74 controlled by the valve 76 has 

the same function as in Figure 1. A valve 77 
corresponds to valve 37 of Figure 1. The opera 
tion is essentially identical With the exception of 
the provision for lower speed of operation of the 
clutch. In this case, also, a clutch may be pro 
vided between the low pressure turbine and the 
reduction gearing to make possible avoidance of 
reverse operation of the low pressure turbine. 
In the case of Figure 3, the turbines are indi 

cated at 78, 80 and 82, and the compressors at 
84 and 86. The turbines 80 and 82 are in line 
with a clutch 92 between them. - 
The shaft of turbine 82 drives the propeller 

shaft through the reduction gearing 88 and 90. 
A by-pass for the low pressure turbine 82 is pro 
vided at 94 controlled by the valve 96. A valve 
97 controls inflow to the turbine 82. 

During forward operation, the by-pass 94 is 
closed and the clutch is disengaged, the turbines 
80 and 82 then rotating in opposite directions. 
To effect reversal, the by-pass 94 is opened and 
the clutch is engaged, whereupon the turbine 80 
takes over the reverse drive, driving the rotor of 
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4. 
the turbine 82 idly in a reversed direction through 
the clutch 92. 

It will be evident that the same principles may 
be adopted with other arrangements of the tur 
bines, it being possible to utilize two turbines in 
the same general fashion with suitable by-pass 
and clutching arrangements. While the cou 
pling is conventionalized as a cone clutch, it will, 
of course, be understood that there is desirably 
used a clutch of a type such as used in Inarine 
drive which will permit shockless connection, Such 
as the usual hydraulic clutch. 
What I claim and desire to protect by Letters 

Patent is: 
In combination, a pair of turbines arranged in . 

series, a compressor driven by the one of said 
turbines which is first in series, means for burn 
ing fuel in air compressed by said compressor and 
for directing the combustion gases to said tur 
bines to drive the same, a shaft, connections 
through which said turbines may drive said shaft 

releasable 
clutches in said connections, one of said clutches 
being between one of the turbines and the shaft, 
and the other of said clutches being between the 
other of the turbines and the shaft, and means 
for bypassing at least the major portion of the 
driving gases from the Second of said turbines. 

LUDWIG. L. SALTER. 
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