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Arvid Peterson, Trenton, N. J., assignor to 
De Laval Steam Turbine Company, Trenton, 
N. J., a corporation of New Jersey 
Application March 3, 1934, seria No. 713,815 

14 Claims. CL 60-102) 
This invention relates to means for driving 

auxiliaries, such as those included in a steam 
driven ship power plant from a main propelling 
or power unit. 
From an economical standpoint it is highly 

desirable to drive as many of a ship's auxiliaries 
as possible from the main propelling unit. The 
reason for this is that the main propelling unit 
is very efficient and delivers its power with a 
very low rate of fuel consumption. On account 
of the fact that the auxiliaries for a steam power 
plant such as that of a ship require compara 
tively little power, turbines or other devices for 
driving them are very inefficient and the steam 
or fuel required for driving these auxiliaries by 
separate turbines or engines is considerably 
greater than would be the case if the auxiliaries 
could be driven directly from the main power 

it. 
However, there is one difficulty in connection 

with Stich an arrangernent and that is that a 
ship, particularly a cargo ship, is seldom oper 
ated at constant speed and consequently the out 
put from the auxiliaries is affected, sometimes in 
a way which is quite objectionable. 

taking as a specific exampie a turbine-driven 
ship, there ?ay be considered a boiler feed pump 
of centrifugal type which must supply feed water 
to the boilers at approximately constant pressure 
Somewhat higher than the boiler pressure. In 
the case of cargo ships it is often desirable to 
operate for long periods of time at a speed as 
Friuch as 20% below maximum speed. Assum 
ing, for example, that the boiler presstre is 400 
pounds per square inch, and the required boiler 
feedpur appressure is 500 pounds per square inch, 
and the feed pump is designed for 506 pounds 
per Square inch pressure at Emaximum operating 
speed, it would deliver only 320 pounds per square 
inch if the speed were reduced 20% and accord 
ingly it could not feed boilers operating at 400 
pounds per square inch pressure. It is not prac 
tical to reduce the boiler pressure enough to take 
care of this reduction in pump pressure. 

It would therefore be necessary to design the 
boiler feed pump in such a way that it will pro 
duce 500 pounds per square inch pressure when 
the ship is operating at 20% below its maximum 
Speed. However, at maximum speed the boiler 
feed pump would then deliver a pressure of about 
785 pounds per square inch, which is very un 
desirable because of the piping and regulating 
equipment used between the boiler feed pump 
and the boilers. It is also very undesirable to 
operate a pump designed for a pressure of 500 

50% greater than normal. 
The example just referred to is typical not only 

of the boiler feed pump but of other auxiliaries 

pounds per square inch at a pressure more than 

which are sometimes used. To a somewhat lesser . 
degree the variation in speed is also objection 
able in - connection with the drive of electrica 
generators although in such cases electrical 
means are generally readily available to insure 
a constant voltage output in spite of a reduction 
amounting to over 20%. . 

It is the object of the invention to provide a 
driving arrangement for auxiliaries which will 
operate them under proper conditions in spite of 
speed fluctuations of a main power unit, while at 
the same time driving the auxiliaries the greater 
part of the time by such main unit. Inasmuch 
as the invention is particularly adaptable to use 
in connection with ship auxiliaries, the descrip 
tion will be directed primarily thereto for specific 
exampies. It will be understood, however, that 
the arrangement is equally applicable to other 
power plants in which, however, there are gener 
ally not involved the conditions indicated above 
with respect to a cargo ship. 

Specific objects of the invention particularly 
relating to details of arrangement will be appar 
ent from the following description read in con 
junction with the accompanying drawing, in 
which the figure represents diagrammatically the 
layout of a typical unit. 

here is indicated diagrammatically at 2 the 
housing of the speed reducing gears 3 between the 
Emain turbine whose shaft is indicated at and a 
propeller driving shaft 3. In a typical arrange 
nent, a two-stage reduction. Would be provided, 
the propeller shaft being driven, for example, at 
a normal speed of 75 R. P. M. with an expected 
reduction for considerable periods of time to 
60 R. P. M. The auxiliaries.in such case could 
conveniently be driven from the pinion shaft of 
the second gear reduction which would typically 
operate at a normal speed of about 700 R. P. M. 
with a speed of about 560 R. P. M. corresponding 
to a 20% reduction. The pinion shaft just re 
ferred to serves to drive the clutch. 6 and through 
it the generator 8 and the other auxiliaries. In 
asmuch as under certain conditions the propeller 
shaft must be made to operate at very low speeds 
which would be insufficient for the driving of the 
auxiliaries, and at times reversed, there is neces 
Sarily provided a clutch Such as indicated at 6 
which may disconnect entirely the various auxil 
iaries from the main turbine. The auxiliaries 
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2 2009,001 
are then driven by an auxiliary turbine here 
after described. 
The clutch 6 is preferably of a type controlled 

in its operation by oil pressure or oil flow. This 
clutch, for example, may be of the type indicated 
in the patent to Fôttinger, 1,199,356, dated Sep 
tember 26, 1916, and is diagrammatically illus 
trated as of this character. A more complete 
indication of this type of clutch and its mode of 
control is giyen in my application Ser. No. 
661,761, dated March 20, 1933, to which further 
reference may be made in connection with other 
clutches involved in the present system. The 
Föttinger type of clutch is characterized by the 
fact that it permits slip of a degree depending 
upon the quantity of liquid circulating in the 
impeller and turbine portions thereof. When 
the quantity of liquid, introduced is reduced or 
cut off altogether, slippage of varying degrees 
Or complete effective disengagement is attained. 
On the other hand, When the clutch passages are 
maintained filled with liquid a very slight slip 
occurs and the operation takes place at high 
efficiency. This type of clutch is well known in 
improved forms and need not be further dis 
cuSSed. 
Instead of using the Föttinger type of clutch, 

another satisfactory type which may be used is 
the Metten clutch illustrated in the patent to 
J. F. Metten, 1,157,793, dated October 26, 1915. 
This clutch is operated by oil pressure and the 
clutch may be engaged or disengaged at Will by 
controlling the oil pressure by means, for ex 
ample, of a bypass. Inasmuch as slipping is not 
required at the location of the clutchi and the 
clutch is either engaged or disengaged, the Met 
ten clutch at this point is somewhat more desir 
able than the Föttinger clutch, since by reason 
of the positive engagement under running condi 
tions there is involved no loss of power such as 
occurs in the case of the Föttinger clutch even 
when the Föttinger clutch is operating with a 
minimum slip. 

the clutch 6, whatever its nature may be, is 
controlled by a regulation of oil flow in a manner 
which will be hereafter described. In the illus 
trated embodiment of the invention, the driven 
member of the clutch is connected directly to a 
generator which is used for supplying light and 
for driving auxiliaries other than those connected 
mechanically to the main turbine unit. This 
generator is provided with voltage control means 
of the usual fashion so that it will maintain sub 
stantially constant voltage for a speed reduction 
of about 20%. Such type of control is well 
known and forms no part of the present invention. 
It is merely mentioned to indicate that there is 
not required for the driving of the generator any 
such devices as are necessary for the driving of 
other auxiliaries. 
The shaft 0 forming an extension of the 

generator shaft has connected thereto a gear 2 
which meshes with pinions 4 and 24 whereby a 
speed increase is provided driving the pinions 
at full and low speeds respectively of about 5155 
R. P. M. and 4120 R. P. M., continuing, by way of 
example, reference to speeds heretofore referred 
to as typical. The pinion 4 drives, through a 
clutch ft of the Föttinger type, a boiler feed 
pump 8 which receives water through the pas 
sage indicated at 20 and discharges through the 
passage 22. This boiler feed pump in the present 
example is illustrated as of the multistage cen 
trifugal type, since this type particularly has a 
pressure characteristic which falls rapidly with 

decrease of speed as indicated in the introduction 
to this specification. 

Pinion 24 is connected with the auxiliary tur 
bine 26, which has a normal operating speed of 
about 51.55 R. P. M. The shaft of this auxiliary 
turbine is directly connected to a pump 28 which 
may conveniently be of the positive screw type 
indicated in the patent to C. O. J. Montelius, 
1,698,802, dated January 15, 1929. A pump of 
this character is highly efficient and capable of 
delivering fluid at high pressures. As will be 
pointed out hereafter, this pump forms part of a 
speed governing arrangement for the auxiliary 
turbine. 
A water circulating pump 32 for the condensers 

may be driven from the gear 2 at a speed of the 
order of the minimum speed of the shaft 
through a Füttinger coupling indicated at 30. 
Alternatively, this circulating pump may be di 
rectly connected to the gear 2, since the speed 
of operation of this pump is not so critical as 
that of the boiler feed pump and the circulating 
Water requirements are generally approximately 
in direct proportion to the propeller speeds. 

It is necessary, however, that this condenser 
water circulating pump should operate when the 
main turbine is running at very low speeds or 
running in reverse. Hence it must be connected 
to be driven by the auxiliary turbine. 
To insure positive lubrication in a system of this 

type, there is generally provided a pressure lubri 
cating system in which oil is delivered from a 
Sump 34 by means of a pump 36 into an overhead 
oil Supply tank 38. This tank 38 may be dupli 
cated and a Separate one may be provided to take 
Care of the controls in accordance with the pres 
ent invention. In any event, however, it is very 
important to provide a pressure oil supply in a 
System of the character disclosed involving the 
use of oil controlled clutches. This importance 
is due to the fact that if a failure of oil pres 
sure should occur, the boiler feed pump might 
stop, with disastrous results. It will be under 
stood, therefore, that 38 is intended to represent 
either the main pressure supply of lubricating oil 
or an auxiliary pressure Supply designed solely 
for control purposes. 

Besides forming the supply for the oil pump 
36, the sump 34 provides a supply of oil through 
a conduit 48 to the pump 28 driven by the auxil 
iary turbine 26. This pump delivers oil under 
suitable pressure through a passage 42 to the 
right-hand end of a cylinder 44 in which there 
slides a piston 46 provided with an orifice 48. 
The piston 46 is urged to the right by a spring 
50 the tension of which is adjustable by means 
of a hand wheel 52 whereby the axial position 
of a fixed spring abutment may be adjusted. 
The rod of the piston controls a valve 54 in the 
steam Supply line 56 to the auxiliary turbine 26. 
When the piston moves to the left this valve is 
closed, cutting of the Supply of steam to the 
auxiliary turbine. Conversely, when the piston 
moves to the right, the valve is opened. By reason 
of the provision of the fixed orifice 48, the oil 
pressure tending to move the piston to the left 
will vary approximately as the square of the speed 
of the pump 2 which is, as noted above, prefer 
ably of a positive nature as shown in the Montel 
ius patent. The adjustment is such that as soon 
as the auxiliary turbine shaft is rotating at a 
speed above a certain value, the steam supply 
thereto will be cut of. On the other hand, when 
the speed drops, Steam Will be supplied until an 
equilibrium speed is attained depending upon the 
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2,009,001 
adjustment of the spring 50. The arrangement 
thus acts as a speed governor. Oil is discharged 
from the cylinder 44 to the sump by the pipe 58. 
A branch 60 from the pipe 42 serves to control 

a valve 64 by means of an expansible diaphragm 
or piston arrangement indicated at 62, the ar 
rangement being such that the valve 64 is 
opened when the pressure in the line 60 in 
creases, that is, when the speed of the pump in 
creases so that the pressure within the cylinder 
44 rises. A spring controls the valve 64 So as to 
cause it to close when the pressure in 62 drops. 
The valve 64 is interposed in the supply line 66 
from the oil supply tank 38 to the coupling 6, 
from which coupling oil is drained through a 
pipe 70. A manually operable valve 68 may be 
interposed in the line 66 to furnish adjustment 
independently of the automatic valve 64. 
The discharge pipe 22 of the boiler feed pump 

is connected by means of a pipe 72 with a dia 
phragm or piston type pressure control device 
74 for a valve 78, the connection being below the 
diaphragm or piston. The space above the dia 
phragm or piston is connected by a pipe 75 to the 
boiler while a spring 76 tends to further oppose 
upward movement of the diaphragm or piston. 
The valve 78 is interposed in the oil feed line 80, 
which serves to supply oil to the Föttinger cou 
pling 6. The arrangement is such that when the 
pressure in 22 increases to a suitable amount 
above boiler pressure the valve 78 is closed to an 
extent throttling the oil passing to the Föttinger 
coupling and thus regulating the amount of oil 
therein and consequently the slip. A manual 
valve 82 interposed in the line 80 provides ad 
justment of oil flow independent of the automatic 
waive 78. Discharge of oil from the coupling takes 
place through a conduit 84. 
While, if desired, a similar automatic control 

may be associated with the condenser water cir 
culating pump 32, this is generally unnecessary 
since the demands on this pump are usually about 
proportional to the Speed of the main turbine. 
The punp 32 may be driven through the coupling 
30 which receives oil through the pipe 94 under 
manual control by valve 96 and discharges 
through pipe 98. The manual control at 96 is 
desirable since through it the flow of oil may be 
reduced and slip of clutch 30 provided to reduce 
the power consumed by pump 32 when, for exam 
ple, the ship is operating in very cold water. 
The devices so far described are sufficient for 

operation, as will be brought out later, if, after 
the main turbine has been operating at abnormal 
low speeds or in reverse, it is not necessary or 
desirable to cause the main turbine to again 
automatically pick up the auxiliaries. There is 
in general a dislike on the part of marine engineers 
to have too many automatic devices on a ship 
and consequently it would, in general, not be 
objectionable to cause the main unit to again 
drive the auxiliaries by rineans of manual inter 
vention. In case, however, totally automatic 
control is desired, there may be provided addi 
tional devices which will now be described. 
A second pump 00 similar to that indicated at 

28 is arranged to be driven from the main turbine 
by, for example, direct connection to its shaft . 
If this pump is to operate at lower speeds, it 
may be driven through suitable reduction gear 
ing. The pumps of the type described, however, 
are capable of operating at high speeds. This 
pump foo takes oil from the sump through the 
pipe O2 and delivers it under pressure to the 
pipe 04, in which there is interposed a check 

valve OS opening to permit flow from the pump 
but operating to prevent flow to the pump 
through the pipe O4. This check valve is pro 
vided because the pump will Operate in a reverse 
direction if the main turbine is reversed. To 
prevent the pump from operating against a vac 

3. 

5 

uum, a relief valve indicated at 05 may be pro 
vided which may open to the atmosphere or al 
ternatively may be connected with the sump 34, 
so that the pump will never run dry. Lubricat 10 
ing oil may, however, be provided in any suitable 
fashion so that while the pump is not operating 
fully, it may be sufficiently lubricated during 
reversal of the main turbine. 
The pipe 04 is connected through 4 to the 

valve 62 below the diaphragm thereof in the same 
fashion as the pipe 60. The pipe 04 is also con 
nected to a chamber 08 across which there ex 
tends a diaphragm provided with a suitable Ori 
fice if O. Discharge of oil passing through the 
orifice takes place into the Sump 34. In con 
nection with the apparatus just described, there 
must be provided a check valve f6 in the pipe 
60, which check valve may be omitted if manual 
pickup of the auxiliaries by the main turbine is 
to be used. 
In the operation of the arrangement described, 

if it is assumed that the propeller is operating 
at full forward speed, the shaft ?o will be driven 
at its full speed and consequently the shaft of 
turbine 26 will be driven at full speed. Under 
such conditions the pump 28 will produce a pres 
sure in the cylinder 44 such as to close the valve 
54, with the result that the auxiliary turbine 26 
will be driven without any supply of steam there 
to. At the same time the pressure in the line 60 
will be such that the valve 64 will be fully opened 
and the coupling 6 would be full of oil if it is 
of the Föttinger type. If it is of the Metten type, 
provision is made by the use of a bypass to insure 
that the pressure therein is sufficient to main 
tain engagement of the clutch. 
The feed water supply pump 8 is so designed 

in the present System that it would deliver water 
at the necessary pressure and volume at, say, 
80% of the speed at which it would operate if 
there were no slip in the clutch 6 and the pro 
peller shaft was being operated at full forward 
speed. As a consequence of this design, if dur 
ing full forward speed operation of the propeller 
there was no slip in the clutch 6, then the pres 
sure and volume delivered by the pump 8 would 
be SO great as to be objectionable and cause an 
undue absorption of power and wear on the 
pump. An equilibrium condition is provided 
Such that when the pressure in the outlet 22 is 
normal (in the present case exceeding by the 
proper amount the boiler pressure) the valve 8 
is controlled so as to throttle the oil supply of 
the Föttinger clutch 6 with the result that the 
clutch is not filled and slip occurs to an extent 
of approximately 20%, so that the pump 8 is 
operated at its normal speed. It may be noted 
that the maintenance of a Substantialiy constant 
excess pressure over a substantially constant 
boiler pressure corresponds approximately to 
operation of the pump 8 at uniform speed. Ob 
viously the control of valve 8 may be such as to 
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If, now, the speed of operation of the pro 
peller drops Within the range down to 80% of 
full speed, the pressures actuating the valve 78 
will initially fall off, opening these valves and 
admitting more oil to the Föttinger clutch 6. 
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As a consequence, the slip of the clutch decreases 
so that the discharge pressure or the excess pres 
sure of the boiler feed pump remains constant. 
Due to the delays in the system which produce 
a damping effect, equilibrium conditions are at 
tained, with the result that the slip of the clutch 
6 is fixed to such extent that the pump 8 oper 

ates at its normal pressure. At the same time 
the automatic electrical controls, which are not 
shown, maintain the voltage output of the gen 

- erator 8 at its full value in spite of the fluctua 
tions in Speed. - 
Down to about 80% of full propeller speed the 

pump 28 will maintain a pressure sufficient to 
keep the valve 54 closed so that no stean is ad 
mitted to the auxiliary turbine and will also keep 
the valve 64 fully open to maintain the clutch 6 
full of oil if it is of the FÖttinger type, or engaged 
if it is of the Metten or similar type. Under the 
abnormal conditions of operating Speeds leSS 
than 80% of full speed, or reversal of the direc 
tion of operation of the propeller, the auxiliary 
turbine must be brought into operation to drive 

- the auxiliaries. the adjustments are conse 
quently such that when the speeds drop below 
80% the pressure on the piston 46. Will be no 
longer sufficient to hold it to the left and it will 
move to the right, opening the steam. Supply 
valve 54 to admit steam to the auxiliary turbine. 
At the same time the pressure in 62 drops so that 
the valve 64 will be at least partially closed, de 
creasing or interrupting entirely the flow of oil 
to the coupling 6 and thereby permitting a slip 
or even a reversal of direction of motion of the 
clutch elements. Due to the governor action of 
the pump 28 and the piston 46, the speed of oper 
ation of the auxiliary turbine 26 will correspond 
to 80% of full speed of the shaft O so that the 
auxiliaries will be Satisfactorily driven. 

If, now, after low speed or reverse operation of 
the main turbine unit, the speed of this main unit 
is increased above 80% of its full forward speed, 
then the auxiliaries may be again driven by the 
main unit and the steam to the auxiliary turbine 
cut off. There has been mentioned above the fact 
that the picking up of the auxiliaries by the main 
turbine under these conditions may be effected 
either manually or automatically. 

If manual operation is to be effected, then the 
various connections to the pump OO will be 
omitted along with the check valve in the pipe 
60. Under such conditions all that is necessary 
in the way of manual operation to cause the main 
unit to again become effective to drive the auxil 
iaries is adjustment of the abutment of the spring 
50 so as to increase its tension and thereby cause 
the auxiliary turbine 26 to speed up by reason of 
opening of the valve 54. When this occurs the 
pressure of the oil delivered by the pump 28 in 
creases to such extent that the valve 64 is opened 
and flow of oil to the coupling 6 again provided. 
As soon as the clutch 6 again connects the main 
unit with the auxiliaries the tension on the Spring 
50 may be reduced to its normal amount, and as 
a result the valve 54 will be closed, cutting off 
the steam to the auxiliary turbine. The Opera 
tion, in case of drop of speed of the main turbine, 
Will then be the same as hereafter referred to. 
If, however, the main turbine is to pick up the 
auxiliaries automatically, then there may be pro 
vided all of the elements which have been de 
scribed. In such case, the adjustments are made 
so that until the pump foo attains a certain mini 
mum speed in a forward direction, the valve 64 

s will not be opened. This end is attained by a 

2,009,001 
suitable adjustment of the valve 62 and the pro 
vision of a suitable orifice. to which will ob 
viously tend, by reason of its bleeding action, to 
prevent the rise of pressure in the line fo4. Inas 
much as the resistance to flow through an ori 
fice is approximately proportional to the square 
of the quantity of flow, it will be seen that a 
rather sensitive adjustment may be easily pro 
vided. Under conditions of rise of speed of the 
main unit to a proper amount, the pressure pro 
duced by the pump OO will be sufficient to oper 
the valve 64. The check valve 6 will, at the 
same time, prevent loss of oil through the pipe 
69 and the valve -arrangement 44. It will thus 
be seen that the auxiliaries may be picked up 
automatically. When the speed drops below the 
proper amount, the pressures at 62 created by 
both of the pumps will be insufficient to maintain 
the valves 64 open and consequently the clutch 
will be disengaged, as described above. Re 
engagement, of course, will take place at a speed 
exceeding, by some predetermined amount, the 
speed at which control is taken away from the 
main turbine. 
While there has been referred to throughout 

80% of full speed as the critical speed where the 
operation changes it will be understood that this 
percentage is given only by way of consistent 
example, and that by proper adjustment and 
design the system may be made to operate under 
Other conditions. m 

What I claim and desire to protect by Letters 
Patent is: 

1. In combination, main driving means ar 
ranged to operate at varying speeds, a device ar 
ranged to be normally driven by said main driv 
ing means, an intermediate shaft, a clutch be 
tween the main driving means and said shaft, a 
Second clutch between said shaft and the device, 
auxiliary driving means, governing means con 
trolling said second clutch whereby during opera 
tion of said shaft within a predetermined speed 
range the device is operated under an approxi 
mately uniform condition, and means whereby 
the auxiliary, driving means automatically be 
comes effective to drive said shaft and the first 
clutch is disconnected when the speed of the main 
driving means drops below a value sufficing to 
operate the shaft within said range. 

2. In combination, main driving means ar 
ranged to Operate at varying speeds, a device ar 
ranged to be driven by said main driving means, 
means whereby when said device is driven by the 
main driving means it operates at controlled 
speed Substantially independent of the speed 
Of the main driving means while the main 
driving means is Operating within a predeter 
mined speed range, auxiliary driving means, and 
means whereby the auxiliary driving means is 
effective to drive said device at said controlled 
speed when the speed of the main driving means 
drops below said range. 

3. In combination, main driving means ar 
ranged to operate at varying speeds, a device ar 
ranged to be driven by said main driving means, 
means whereby when said device is driven by the 
main driving means it operates at controlled speed 
substantially independent of the speed of the 
main driving means while the main driving 
means is operating within a predetermined speed 
range, auxiliary driving means, and means where 
by the auxiliary driving means automatically 
becomes effective to drive Said device at Said con 
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2,009,001 . 
4. In combination, main driving means ar 

ranged to operate at varying speeds, a device ar 
ranged to be driven by said main driving means, 
means whereby when said device is driven by the 
main driving means it operates at controlled 
speed substantially independent of the speed of 
the main driving means while the main driving 
means is operating within a predetermined speed 
range, auxiliary driving means, means whereby 
the auxiliary driving means automatically be 
comes effective to drive said device at said con 
trolled speed when the speed of the main driv 
ing means drops below said range, and means 
whereby the main driving means again becomes 
automatically effective to drive said device as 
before when it is again operating within said 
rae. 

5. In combination, main driving means ar 
ranged to operate at varying speeds, a device ar 
ranged to be normally driven by said main drive 
ing means, an intermediate means between the 
main driving means and Said device through 
which such normal driving is effected, auxiliary 
driving means, governing means controlling the 
connection between the intermediate means and 
said device whereby during operation of the 
main driving means within a predetermined speed 
range the device operates at controlled speed 
substantially independent of the Speed of the 
main driving means, and means whereby the 
auxiliary driving means automatically becomes 
effective to drive the intermediate means and the 
main driving means becomes ineffective to drive 
the intermediate means when the Speed of the 
main driving means drops below said range. 

6. In combination, main driving means ar 
ranged to operate at varying speeds, a device ar 
ranged to be normally driven by said main driv 
ing means, an intermediate means between the 
main driving means and Said device through 
which such normal driving is effected, auxiliary 
driving means, governing means controlling the 
connection between the intermediate means and 
said device whereby during Operation of the main 
driving means within a predetermined speed range 
the device operates at controlled speed substan 
tially independent of the speed of the main driv 
ing means, means whereby the auxiliary driving 
means automatically becomes effective to drive 
the intermediate means and the main driving 
means becomes ineffective to drive the interme 
diate means when the speed of the main driving 
means drops below said range, and means where 
by the main driving means again becomes effec 
tive to drive said device as before when it is again 
operating within Said range. 

7. In combination, main driving means ar 
ranged to operate at varying Speeds, a device ar 
ranged to be driven by said main driving means, 
a variable slip clutch between said main driving 
means and said device, governing means for con 
trolling the slip of the clutch whereby the speed 
of operation of the device is substantially inde 
pendent of the main driving means while the 
main driving means is Operating within a prede 
termined Speed range, the lower limit of Such 
range corresponding approximately to a minimum 
possible slip of said clutch to impart proper speed 
of operation to said device, auxiliary driving 
means, and means whereby the auxiliary driving 
means is effective to drive Said device at desired 
speed of operation through Said clutch when the 
speed of the main driving means drops below 
said range. 

8. In combination, main driving means ar 

5 
ranged to operate at varying speeds, a device ar 
ranged to be driven by said main driving means, 
a variable slip clutch between said main driving 
means and said device, governing means for con 
trolling the slip of the clutch whereby the speed 
of operation of the device is substantially inde 
pendent of the main driving means while the 
main driving means is operating within a prede 
termined speed range, auxiliary driving means, 
and means whereby the auxiliary driving means is 
effective to drive said device at desired speed of 
Operation through said clutch when the speed 
of the main driving means drops below said range. 

9. In combination, main driving means ar 
ranged to operate at varying speeds, a device ar 
ranged to be driven by said driving means, a 
variable slip clutch between said main driving 
means and said device, governing means for con 
trolling the slip of the clutch whereby the speed 
of Operation of the device is substantially inde 
pendent of the main driving means while the 
main driving means is operating within a prede 
termined speed range, auxiliary driving means, 
means whereby the auxiliary driving means is 
effective to drive said device at desired speed of 
operation through said clutch when the speed of 
the main driving means drops below said range, 
and means whereby the main driving means again 
becomes automatically effective to drive said de 
vice as before when it is again operating within 
Said range. 

10. In combination, main driving means ar 
ranged to operate at varying speeds, a device 
arranged to be driven by said main driving 
means, auxiliary driving means, governing 
means for the auxiliary driving means arranged 
to insure at least a predetermined minimum 
Speed of Said auxiliary driving means, the gov 
erning means being adjustable to vary the 
value of such minimum speed, a clutch between 
the main driving means and said device, and 
means associated with said governing means 
whereby the clutch is disengaged and the auxil 
iary driving means is rendered effective to drive 
Said device when the speed of the main driving 
means drops approximately to said minimum 
Speed, and whereby, when the speed of the main 
driving means again rises, temporary adjustment 
of the governing means to raise the value of the 
minimum speed effects reengagement of the 
clutch. 

11. In combination, main driving means ar 
ranged to operate at varying speeds, a device 
arranged to be driven by said main driving 
means, auxiliary driving means, governing means 
for the auxiliary driving means arranged to 
insure at least a predetermined minimum speed 
of Said auxiliary driving means, a clutch between 
the main driving means and said device, means 
whereby the clutch is disengaged and the auxil 
iary driving means is rendered effective to drive 
Said device when the speed of the main driving 
means dropS approximately to said minimum 
speed, and means whereby, when the speed of 
the main driving means again rises, the clutch 
may be reengaged by temporarily increasing the 
speed of the auxiliary driving means. 

12. In combination, main driving means ar 
ranged to operate at varying speeds, a device 
arranged to be driven by said main driving 
means, auxiliary driving means permanently 
connected to said device and arranged to be 
driven with the device by the main driving means 
when the latter is operating within a predeter 
mined Speed range, a clutch between the main 
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driving means and said device, means whereby 
the auxiliary driving means is rendered effective 
to drive said device when the speed of the main 
driving means drops to the lower limit of said 
range, and means permanently connected to the 
auxiliary driving means effective to disengage 
the clutch when the auxiliary driving means 
operates at a speed less than that corresponding 
to the minimum of said predetermined speed 
range and to effect reengagement of said clutch 
when the auxiliary driving means operates at a 
higher speed. 

13. In combination, main driving means ar 
ranged to operate at varying speeds, a device 
arranged to be driven by said main driving 
means, auxiliary driving means, means whereby 
the auxiliary driving means is rendered effective 
to drive said device when the speed of the main 
driving means abnormally decreases and the 
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main driving means is at the same time discon 
nected from the device, and means operated by 
increase of speed of the auxiliary driving means 
to reconnect the main driving means with the 
device. 

14. In combination, main driving means ar 
ranged to operate at varying speeds, a device 
arranged to be driven by said main driving 
means, auxiliary driving means, means whereby 
the auxiliary driving means is rendered effective 
to drive said device when the speed of the main 
driving means abnormally decreases and the 
main driving means is at the same time discon 
nected from the device, and means operated 
either by increase of speed of the main driving 
means or by increase of speed of the auxiliary 
driving means to reconnect the main driving 
means with the device. 
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