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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

This invention relates to a no-power holding, low 
inertia, winch system and more particularly to a no 
power holding, low-inertia, winch system having auto 
matic and manual control features. 
The present invention is a winch control system where 

in power is applied to a differential unit having two 
differential outputs, of which one is connected to a con 
stant force brake and the other to a winch. Whenever 
the tension on the cable being hauled in by the winch 
exceeds the brake force, the brake slips allowing the 
cable to be payed out until the tension lowers again to 
the force of the brake. A tensiometer is provided to 
detect changes in cable tension and to adjust the power 
drive for the differential input to maintain a predeter 
mined cable tension. A back stop device prevents the 
winch from acting as an input and reversing the direc 
tion of the power shaft when the cable tension exceeds 
the power input force. This system has many advantages 
over prior winch control systems including: low cost, 
automatic operation, more accurate tension control and 
quicker and safer action. It has applications including 
line handling in refueling and replenishment at sea by 
surface vessels, ground handling of airships, and gen 
erally for line handling where substantial lengths of 
cable must be controlled under rapidly changing tensions 
and speeds. 

Accordingly an object of the present invention is the 
provision of a winch system wherein cable loads can 
be reversed approximately instantaneously upon the cable 
tension exceeding a predetermined value. 
Another object is to provide a system for automatically 

maintaining a constant tension on a cable which is being 
hauled in by a winch. 
A further object of the invention is the provision of 

a winch system which will hold a load automatically 
without the application of power. 

Still another object is to provide a system which will 
maintain positive winch control and prevent the develop 
ment of high inertia forces to be set up in the winch 
cable. 
Other objects and many of the attendant advantages 

of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

Fig. 1 shows a partially schematic and partially di 
agrammatic view of a preferred embodiment of the in 
vention. 

Fig. 2 illustrates a 
tion. 

Referring now to the drawings, wherein like reference 
characters designate like or corresponding parts through 
out the several views, there is shown in Fig. 1 (which 
illustrates a preferred embodiment) a power source 10 
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which drives a shaft 12 through a back stop device 
14 to the input of differential unit 15. One of the 
differential outputs is restrained by brake 18 while the 
other rotates shaft 16 and winch 19. The tension of 
cable 20, which is being hauled in or payed out by winch 
19, is detected by tension sensing unit 9. One output 
of this unit operates a tension indicator which produces 
an indication of the tension of cable 20, and another 
output operates a control unit 57 which controls the 
power developed by source 10 to produce constant ten 
sion on cable 20. Typical examples of such power source 
control would be in the excitation of the field windings 
of an electric motor and the throttle movement in an 
internal combustion engine. 

In the specific embodiment of the invention shown in 
Fig. 2, 10 denotes a conventional internal combustion 
engine which drives a shaft 12 through a conventional 
automatic clutch 11. For coupling the shaft 12 to a 
differential unit 15 reduction gears 13 and a conventional 
back stop device 14, which permits rotation in only one 
direction, are provided. A winch 19 is coupled to the 
shaft 16 of the differential, while a brake 8 is mounted 
on the other output shaft 17 of the differential. The 
brake 18 is shown as a conventional hydraulic brake, 
but any Suitable brake means may be employed. At 
tached to the winch 9 is a winch cable which is adapted 
for connection to an air ship or other load (not shown) 
through the right angle arrangement of pulleys 22 and 
23, and the pintle 21. 
A carburetor 57, associated with the engine 10, is em 

ployed for controlling the power output of the engine. 
The throttle (not shown) of the carburetor 57 is opened 
and closed manually by means of the carburetor control 
handle 51 which is pivoted at 53. The carburetor con 
trol handle 51 is employed during non-automatic con 
trol only. When the system is arranged for automatic 
control, the handle 51 is unlatched. The throttle is of 
the conventional type and includes a zero return spring, 
which, for the sake of clarity, has not been shown on 
the drawing. The handle 51 is connected, as shown, 
to the throttle crank 58 by means of a rod 56. The 
latch mechanism, 52 may be provided for use with the 
manual carburetor control lever 51 during non-automatic 
control of the carburetor. 
A lever arm 24, which is pivoted at 25, as shown, 

has been provided. On the lever arm 24 is mounted 
a pulley 22, which is engaged by the winch cable 20 

A ten 
sion information transmitting cable 27 is attached at 
one of its ends to the lower portion of the lever 24. 
The cable 27 is entrained around the pulleys 29, 30, 
32, which are pivoted, respectively, at 28, 31, and 33, 
and it is attached at its other end to the throttle crank 
58. An adjustable spring 26 is employed to tension the 
cable 27 so as to adjustably bias the throttle in an open 
direction, while the spring 76, which is fixed at a point 
77 and attached to the cable at 59, is arranged to ten 
sion the cable 27 so as to bias the throttle in a closed 
direction. 
For positively limiting cable tension, control is exer 

cised by setting the pressure on the brake 18. Pressure 
is exerted on the brake 18 by means of a conventional 
hydraulic brake cylinder 40, having a piston 41 and a 
piston rod 43, through a fluid conduit 39. Movement 
of piston 41 is effected by means of the brake control 
lever 48, which is pivoted at 49, through spring 46 and 
arm 45, which is pivoted at 44, and the piston rod 43. 
The spring 47, fixed at 42, is connected, as shown, to 
the arm 45. The brake latch mechanism 50 is provided 
with a scale (not shown) calibrated in pounds tension. 
Aslack removal toggle 38 has been provided for re 
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moving slack from cable 27 at the beginning of an op 
eration. Slack removal cable 34 is supported by pulley 
36, which is fixed at 37, and is connected to pulley 35 
which rides on cable 27. 
A meter 75 may be installed for providing a visual in 

dication of the actual tension on the cable 26. The Sig 
nal for the meter is obtained by the use of a conventional 
Wheatstone bridge which comprises tile resistors 60, 6i, 
62, 63, 66 and 67. A tap 65 is provided to initially 
balance the bridge. A direct input voltage is applied 
between the terminals 68, 69. A tap 64 connected, as 
shown, to the lever 24 is provided for varying the re 
sistor 62 to thereby provide an output across the lines 
72 and 74. A sensitivity resistor 70 with its associated 
tap 71 has been connected in circuit with the lines 72 
and 73 and the meter 75. It is clear that upon move 
ment of the lever 24, a corresponding movement of the tap 
64 will result. Movement of the tap 64 causes a change 
of resistance in resistor 62 causing an unbalance of the 
bridge which produces a signal across the terminals of 
the meter. 

In operation, power source 10 of the generic system of 
Fig. 1 provides the rotational force, on winch 9, to haul 
in the cable load 20. The haul in tension of cable 20 
is established by control unit 57. Sensing unit 9 detects 
any deviations from this tension and transmits the in 
formation to control unit 57 which adjusts the energiza 
tion of source i0 in a direction to reestablish the desired 
tension in cable 20. However, it may happen that even 
with source 10 totally deemergized the tension on cable 
20 exceeds the desired haul in tension. Back stop device 
14 prevents the large force on shaft i6 from reversing 
shaft 12 and if the tension does not exceed the brake 
force, brake 18 will not slip, thus winch 19 does not 
haul in or pay out and the cable load 20 is held without 
an expenditure of energy. When the cable load exceeds 
the brake force, brake 18 slips allowing cable to be 
payed out; hence, the cable tension can never exceed 
the restraining force of brake 18. 
The first act in operating the system of Fig. 2 is the 

setting of adjustable spring 26 to a value such that the 
sensing and control units produce the desired tension in 
cable 20 when the system is in operation. At this time 
there is no tension on cable 20 and thus the sensing sys 
tem has throttle crank 58 in a wide open condition. If 
engine 10 were then started, it would operate at top 
speed, and since there is no tension on the cable, it would 
be hauled in quite rapidly, whipping back and forth, en 
dangering workers and equipment. To avoid this, toggle 
3S is first pulled out removing the slack in cable 27 there- : 
by partially closing throttle crank 58 and then the toggle 
is pushed in slowly thus allowing motor 10 and cable 20 
to gradually come up to normal operating condition. 
The differential unit is driven by way of an automatic 
clutch 11, through reduction gears 13, back stop device 
14 and the shaft 12. As the engine 10 is accelerated, 
the automatic clutch engages and turns the shaft 12. 
Provided the setting of the load on the brake 18 is greater 
than the tension on the winch cable 20, the winch is 
turned by the differential unit 15 and the shaft 16 so as 
to haul in the craft or other load connected to the winch 
cable. 
When the winch cable 20 increases in tension, the 

lower end of the lever 24 moves toward the right against 
the tension of the biasing spring 26. The spring 76 
thereby produces a slack in the cable 27 between the 
point 59 and the crank 58. The throttle spring, not 
shown, thereby tends to move the throttle toward a closed 
position. 
decreased thereby decreasing the tension on the cable 20. 
With a decrease in tension, or a slackening of the cable 

20, the spring 26 will pull the lower end of the lever 24 
to the left thereby causing a counter-clockwise motion 
of the crank 58, whereupon the throttle is moved toward 
the open direction. As a result, the power output of 

As a result the power output on engine 10 is 
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4 
the engine 10 is increased thereby increasing the tension 
on the cable 20. 
The brake 18 is used in conjunction with the carburetor 

57 to limit the maximum tension on the cable 20. The 
force on the brake 18 is dependent on the position of 
the brake control handle 48 on the calibrated latching 
mechanism 59. If during an operation of winch, the 
cable load is excessive and causes a tension on the cable 
greater than that set up and determined by the position 
of the brake control handle, the brake 13 slips and the 
Winch 9 begins to pay out cable. This paying out con 
tinues until the cable load no longer exceeds the setting 
of the tension regulator or until the tension regulator 
setting is increased. A stop is usually provided on the 
latching mechanism 50 to eliminate the possibility of 
exceeding dangerous cable tensions before slippage oc 
curs. This constant tensioning feature has been made 
possible in the System because of the inclusion of the dif 
ferential unit is which has been placed between the 
winch and brake axle. Through the conventional epi 
cyclic gear train in the differential unit, with a predeter 
mined braking force on the brake 18 the winch is caused 
to turn until the winch load forces torque feed back 
through the differential units to slip the brake. In this 
condition the winch drum stops turning or begins to pay 
out. It may be necessary to provide an interlock be 
tween the slack removal toggle 38 and the brake control 
lever 48. The interlock must be designed so that it 
will prevent engagement of the slack removal toggle ex 
cept at predetermined minimum brake settings, and so 
that the brake setting cannot be lowered below a pre 
determined minimum value after the slack removal tog 
gle has been disengaged. The automatic transmission 
11, shown in the preferred embodiment effectively pro 
duces these results since the transmission permits ac 
celeration of the engine 10 to the required speed with 
no load. The brake, however, will slip at a predeter 
mined minimum load. 
A winch system has been disclosed which permits very 

accurate control of cable tensions. Normally the cable 
is drawn in at a constant tension in response to power 
Source control application. However, when the cable 
tension exceeds the maximum force output of the source, 
hauling in stops and the cable load is held by the back 
stop unit which also prevents the cable load from revers 
ing the source. In the event that the cable tension ex 
ceeds the brake setting, the differential-brake arrange 
ment allows the cable to be payed out. Due to the light 
weight of component parts, the reversal of power has to 
overcome only very low inertia. In actual tests when 
cable loads and speeds were varying and even reversing 
(that is drawing in or paying out) the power source was 
decelerating or accelerating simultaneously with brake 
application or release in order to adjust to load require 
mentS. 

It will be understood that the above description and 
the accompanying drawing comprehend only the general 
and a preferred embodiment of this invention and that 
various changes in details of construction and arrange 
ment of parts may be made within the scope of the ap 
pended claims without departing from the spirit of the 
invention. 

I claim: 
1. A winch control system comprising a winch drum, 

a cable for said drum, a differential unit having an input 
shaft and two output shafts, means mounting said drum 
on one of said output shafts, adjustable braking means 
for the other of said output shafts, controllable driving 
means for said input shaft, and means continuously re 
Sponsive to tension in said cable below a predetermined 
force for automatically controlling said driving means. 

2. A no-power holding, low-inertia winch control sys 
tem comprising a winch drum, a winch cable operatively 
associated with said drum, drive means for rotating said 
drum and hauling in said winch cable, speed control 
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means for said drive means, and means for controlling 
said drive means in a continuous manner in response to 
tension of said cable comprising a lever connected at 
one of its ends to said cable, and at its other end to said 
speed control means for controlling the speed of said drive 
means, and means for automatically limiting the maxi 
mum tension on said cable. 

3. The invention as defined in claim 2 wherein said 
means for automatically limiting the maximum tension 
on said cable comprises a differential unit having an input 
shaft driven by said drive means, and having first and 
second output shafts, said first output shaft being opera 
tively connected to said winch drum, and said second 
output shaft being provided with controllable shaft re 
straining means. 

4. The invention as defined in claim 3 wherein said 
shaft restraining means comprises a brake. 

5. The invention as defined in claim 3, and means asso 
ciated with said drive means for permitting acceleration 
of said drive means to a predetermined minimum speed 
at no load. 

6. The invention as defined in claim 4, wherein said 
means associated with said drive means comprises an auto 
matic clutch. 

7. A control system for a winch comprising a differen 
tial unit, said unit having an input shaft and a first and a 
second output shaft, means for adjustably restraining 
rotation of said first shaft, a winch drum mounted on 
said second shaft, a winch cable attached to said drum 
and adapted for connection to a load, drive means in 
cluding an automatic clutch and an engine having a con 
trollable carburetor, for said input shaft, a lever having 
a pulley mounted at one end, said pulley being engaged 
by said winch cable, a spring biased tension transmitting 
cable, said tension transmitting cable connecting the other 
end of said lever and said carburetor for opening said 
carburetor, and means for removing the slack and for 
adjusting the range of operation of said cable. 

8. A control system for a winch comprising a differen 
tial unit having an input shaft and having a first and a 
second output shaft, drive means for said input shaft, 
control means for varying the power output of said drive 
means, a winch drum mounted on said first output shaft, 
brake means for adjustably restraining said second shaft, 
and means responsive to the load on said drum for ad 
justing said control means in a continuous manner, where 
by the load on said drum is maintained constant. 
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9. A no-power holding, low-inertia winch system com 

prising: a source for producing a rotational force output, 
control means for controlling the power output of said 
source, differential means having an input from said source 
and two differential outputs, an adjustable brake con 
nected to one differential output, a winch connected to 
the other differential output, and sensing means for sens 
ing in a continuous manner the tension of a cable at 
tached to said winch and for operating the control means 
accordingly whereby substantially constant cable tension 
is maintained. 

10. The winch system of claim 9, and means con 
nected to said source for permitting the output of said 
source to rotate in only one direction. 

11. A control System for winch comprising: power 
means for producing differential, mechanical, outputs; 
an adjustable brake connected to one of the differential 
outputs; a winch connected to the other differential out 
put; Sensing means for sensing in a continuous manner 
the tension of a cable being hauled in by said winch and 
for producing a mechanical output which is a function 
of the tension deviation from a predetermined value; pre 
adjustment means connected to said sensing means for 
establishing the predetermined value setting of said sens 
ing means; and control means utilizing said mechanical 
output for controlling the power output from said power 
means whereby substantially constant tension of the pre 
determined value is maintained on said cable except when 
the tension exceeds the predetermined value even when 
the cable is not being hauled in. 

12. The control system of claim 11, and a back stop 
device connected to said power means. 

13. The control system of claim 12, and means con 
nected to said sensing means for providing a visual indi 
cation of the tension on the cable. 
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