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8 Claims. 

This invention relates to the control of elec 
tric motors by limit switches and particularly to 
control Systems for apparatus wherein the extent 
of operation of one motor driven element must 
be limited with reference to the position of an 
other element which is independently operated 
by the same or another motor. The invention is 
particularly suitable for controlling electrically 
operated cranes of the boon type, and is herein 
after described as applied to that use. 
The hoist motions of electrically operated 

boom cranes are arranged to be operated by a 
drum driving means which comprises either a 
single electric motor or Separate motors for each 
hoist motion. For example, if the driving means 
comprises two motors, one of the motors drives 
the Winding drum for the boom hoist cable, and 
the other motor drives the winding drum for the 
load or hook hoist cable. The boom hoist cable 
controls the raising and lowering of the boom 
and extends from the boom hoist winding drum 
over an idler pulley, mounted above the front end 
of the Crane cab, to its point of attachment near 
the free end of the boom. The other or fixed end 
of the boom is pivoted at the bottom of the front 
end of the crane cab. The boom thus may swing 
in a vertical plane about its pivot as the boom 
hoist cable is wound on or unwound from the 
boom hoist Winding drun. The load or hook 
hoist cable extends from the load or hook hoist 
winding drum over an idler pulley at the free end 
of the boom and extends downwardly therefrom 
to a hook or other suitable device to which a load 
may be attached. 
The crane cab is pivotably supported at a point : 

near its center So as to be rotatable in a hori 
Zontal plane. To counterbalance the weight of 
the boom and the force of the load which is 
transmitted to the crane cab at the pivot point 
of the boom, the driving means and winding 
drums generally are mounted at the rear of the 
crane cab. 

Because of this location of the driving means 
and drums and the arrangement of the boom 
hoist cable, hook hoist cable, and boom, each of 
the cables and the boom swing about a different 
pivot upon raising and lowering of the boom and 
consequently a differential in movement for any 
given points on the boom hoist cable, the hook 
hoist cable, and the boom results. For example, 
if the boom is at its uppermost limit and the 
hook hoist cable is operated so that the hook is 
slightly below the end of the boom, lowering of 
the boom causes a take-up in the length of the 
hook hoist cable between the boom pulley and 
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the hook and jams the hook into the boon pull 
ley. On the other hand, if the boom is horizon 
tal and the hook is drawn to within the usual 
close distance from the boom pulley and the 
boom is then raised, there is an excess of hook 
hoist cable in the raised position of the boom so 
that the hook is disposed several feet below the 
end of the boom. If the boon hoist motion has 
been operated to lower the boom to its lowermost 
position, and the driving means is operating to 
raise the hook, automatic means should be pro 
vided to stop the driving means before the hook 
reaches the pulley at the end of the boom. How 
ever, if the hook is stopped by the automatic 
means at its upper limit of travel when the boom 
is in its lowermost position, raising of the boom 
Without operating the main hoist motion allows 
the hook to drop farther from the pulley at the 
end of the boom since the distance from the hook 
hoist drum to the boom pulley becomes less. 
Heretofore in the use of such limit switches, a 
choice had to be made between the danger of 
jamming the hook into the boom pulley upon 
lowering of the boom or limiting the maximum 
height of lift. 
Because of these conflicting factors, an ordi 

nary limit switch driven in the usual manner by 
the load hoist drum and operable automatically 
to stop the driving means at the upper limit of 
travel of the hook when the boom is in its lower 
most position does not permit the hook to rise to 
its full limit of travel when the boom is in a 
raised position. On the other hand, an ordinary 
limit switch driven in the usual manner by the 
load hoist drum and adjusted to stop the hook 
just before it reaches the boom pulley when the 
boom is in a raised position, does not provide 
protection against jamming by hoisting of the 
hook when the boom is in a lower position. 
One of the objects of the present invention is 

to eliminate both of these difficulties and make it 
possible to operate a boom crane without danger 
of jamming the hook and the boom pulley re 
gardless of the position of the boom and without 
limiting the maximum lifting height of the crane 
in any manner other than by the length of the 
boom itself. 
In accordance with the present invention, an 

ordinary and common limit switch of the rotat 
able type is driven through a differential gear by 
both the boom hoist and the hook hoist drums. 
The apparatus is so arranged that the limit 
SWitch is driven in one direction during hoisting 
of the hook or lowering of the boom and is driven 
in the opposite direction during lowering of the 

  



2 
hook or raising of the boom. Consequently, the 
operation of the limit switch is compensated for 
boom position. A limit switch means is thus pro 
vided which permits the hook to approach as 
closely to the boom pulley as is safe, but which, 
in accordance with the exemplary showing here 
in, has contacts which stop the load hoist motor 
when the hook approaches too closely to the 
boom regardless of the position of the boom and 
which stop the boom hoist motor When the boom. 
is lowered to a position where the boom pulley is 
approaching too close to the hook. The limit 
switch contacts also prevent raising of the hook 
or lowering of the boom while the hook and 
boom pulley are too close together. 
An object of this invention is to provide a sim 

plified limit Switch control for controlling the 
operation of independently driven elements in 
accordance with their relative positions. 
Another object is to provide a differentially op 

erated limit Switch means for preventing inde 
pendently driven elements from approaching too 
close to each other. 
A further object is to provide a driving system 

for a rotatably driven limit Switch of the usual 
and common type so that the limit switch is oper 
able to stop independently driven elements in pre 
determined relation to each other. 
A more Specific object is to provide an improved 

limit switch control system for a boom crane, 
Another Specific object is to provide an over 

hoist limit switch control system for a boom crane 
which is compensated for boom position. 
A further specific object is to provide a limit 

Switch control system for a boom crane which 
effects stopping of the boom hoist motor if the 
boom is lowered within a predetermined distance 
from the hook and which, regardless of the posi 
tion of the boom, effects stopping of the hook 
hoist motor if the hook is raised within said pre 
determined distance from the boom. 
Other objects and advantages will become ap 

parent from the following specification wherein 
reference is made to the drawing, in which 

Fig. 1 is a diagrammatic representation of a 
boom crane of the type to which this invention 
may be applied, and 

Fig. 2 is a very much simplified wiring diagram 
and diagrammatic representation of the appa 
ratus of this invention in one form. 

Referring to Fig. 1, a cab O of a boom crane 
2 is provided with a downwardly extending pivot 
pin 4 and suitable rollers 6 so that the cab to 
can be centrally supported for rotation in a hori 
Zontal plane about a point near its center. A 
boom 8 has its fixed end pivoted at 20 near the 
lower front or right hand end of the cab o so 
that the boom 8 may be raised and lowered in a 
vertical plane and rotation of the cab i? about 
the Support for the pivot pin 4 may swing the 
boom 8 horizontally. 
A boom hoist cable 22 for controlling the rais 

ing and lowering of the boom f& has one end at 
tached near the free end of the boom 8 at 24 
and extends to a boom hoist winding drum 30 
Over an idler pulley 26 supported by a frame 
Work 28 extending upwardly from the front end 
of the cab O. The cable 22 is wound on the 
boom winding drum 30 which is mounted in the 
rear or left hand end of the cab O. A load or 
hook hoist cable 32 has a suitable load attach 
ing device such as a hook 34 fastened to one end 
and passes over a boom pulley 36 at the free end 
of the boom 8 to a load or hook hoist winding 
drum 8 mounted in front of the drum 30 near the 

22,525 
rear end of the cab O. The winding drums 30 
and 38 and the driving motors therefor are 
mounted in the rear end of the cab to to act as 
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a Counterbalance for the weight of the boom 8 
and the load being lifted. The boom 8 and the 
cables 22 and 32 are shown in solid lines to indi 
cate their respective positions when the boom fs 
is in the lowermost position and are shown in 
broken lines to indicate their respective positions 
when the boom 8 is in the uppermost position. 

Referring to Fig. 2, the hook hoist drum 38 is 
arranged to be driven through suitable gearing 40 
by a direct current motor 42 having a suitable 
energized field Winding 44. The boom hoist drum 
30 is arranged to be driven through suitable gear 
ing 46 by a direct current motor 48 having a suit 
able energized field winding 50. Reversible power 
for the armature winding of the motor 42 is ob 
tained from a suitable direct current source 52 
through electromagnetic reversing switches 54 
and 56. Reversible power for the armature wind 
ing of the motor 48 is obtained from the source 
52 through electromagnetic reversing switches 58 
and 60. The operation of the switches 54 and 
56 is controlled by a master controller 62 and 
the operation of the switches 58 and 60 is con 
trolled by a master controller 64. The control 
lers 62 and 64 are shown in their of positions. 
Power for Operating the Switches 54, 56, 58 and 
60 is obtained from the source 52. Although di 
rect current motors have been illustrated, it is 
obvious that the invention may be used with al 
ternating current motors as well. 
Movement of the controller 62 to the right 

from its off position normally energizes the 
Switch 54 which when energized operates to con 
nect the motor 42 to the source 52 for driving 
the hook hoist drum 38 in the direction causing 
hoisting of the hook 34, and movement of the 
controller 62 to the left from its of position ener 
gizes the switch 56 which when energized oper 
ates to connect the motor 42 to the source 52 for 
driving the hook hoist drum 38 in the direction 
causing lowering of the hook 34. Likewise, move 
ment of the controller 64 to the right from its off 
position normally energizes the switch 58 which 
When energized operates to connect the motor 48 
to the source 52 for driving the boom hoist drum 
30 in the direction causing raising of the boom 
8, and movement of the controller 64 to the left 
from its off position normally energizes the switch 
60 which when energized operates to connect the 
motor 48 to the source 52 for driving the boom 
hoist drum 30 in the direction causing lowering 
of the boom f&. 
The Switch 56 may be energized at any time 

upon movement of the controller 62 to the left, 
but the Switches 54, 58, and 60 are energized upon 
noVement Of their associated controllers 62 or 6 
Only if certain limit switches now to be described 
are in the proper positions. The energizing cir 
cuit for the Switch 54 can be completed only when 
contacts 66 of a suitable rotatable type limit 
Switch, such as a cam limit switch 68, are closed. 
The limit switch 68 also comprises a rotata 
able circular can 70 having a projecting portion 
T2 which cooperates with a pusher rod 74 to open 
and close the contacts 66 depending upon the ro 
tated position of the can 70. The energizing 
circuit for the switch 58 can only be completed 
When limit switch contacts T5 are closed. The 
limit switch contacts T5 are closed when the 
boom 8 is below its upper safe limit of travel 
and are open only when the boom 8 is at its 
upper safe limit of travel. The energizing circuit 

  

  

  



22,525 
for the switch 60 can only be completed when con 
tacts 76 and 66 are closed. The contacts 6 are 
closed when the boom 8 is above its lowermost 
safe limit of travel and are open only when the 
boom 8 is at its lower safe limit of travel. The 
contacts 75 and T6 may be parts of a hatchway 
type limit switch such as is commonly used on 
boom cranes to limit the extent of travel of the 
boom 8 independently of the position of the 
hook . 
The can 70 is arranged to be rotatably driven 

by a driven shaft 78 of a standard differential 
gear 80. One driving element of the differential 
e is driven by the hook hoist drum 38 through 

bevel gears 82 and gearing 84. The other driv 
ing element of the differential:80 is driven by the 
boom hoist drum 8 through bevel gears 86 and 
reversing gearing 88. 
When the hook 34 is as close to the boom 

pulley 38 as possible for maximum safe height 
of lift and the boom 8 is in its lowermost posi 
tion, the cam TO is adjusted on the shaft 78 so 
that the raised portion 72 engages the rod 74 
to hold the contacts 66 open, as shown in Fig. 2. 
With the limit switch 68 in the open position the 
motor 42 cannot be energized to raise the hook 
34 and the motor 48 cannot be energized to lower 
the boom 8 due to the open contacts 66 in the 
energizing circuits for the switches 54 and 60. 
Assume that the boom 8 is in its lowermost 

position and that the hook 34 has been raised to 
its upper limit leaving the length a (Fig. 1) of the 
cable 32 between the hook 34 and the pulley 36. 
Movement of the controller 64 to the left does not 
cause energization of the switch 60 because the 
contacts 66 and are open, and movement of 
the controller 62 to the right does not cause 
energization of the switch 54 because the contacts 
6 are open. Movement of the controller 64 to 

the right, however, causes energization of the 
switch 58 which operates to cause the motor 48 
to drive the boon hoist drum 30 in the direc 
tion which raises the boom 8. Movement of 
the boom 8 from its lowermost position effects 
closure of the contacts 76 in a well known man 
ner. Rotation of the drum 30 in the direction 
which raises the boon f3 drives the differential 
0 in a direction to cause the cam 0 to rotate 

counterclockwise, and when the portion 72 passes 
from beneath the rod 74, the contacts 66 close. 
When the boom 8 reaches its upper limit as 
shown by the dotted lines in Fig. 1, the contacts 

open to deemergize the Switch 58 which opens 
to stop the boom hoist motor 48. Due to the 
geometric configuration of the cables 22 and 32 
and the boom 8, the length of the cable 32 be 
tween the hook 34 and the pulley 36 has increased 
from the length a to the length indicated by b 
as a result of raising the boom 8. However, clo 
sure of the contacts 66 upon raising of the boom 
8 permits further hoisting of the hook 34 so 

that the increase in the length of the cable 32 
between the boom pulley 36 and the hook 34 
ty be taken up by further hoisting of the hook 

. 
For example, at any time after the contacts 66 

close, the movement of the controller 62 to the 
right causes operation of the switch 54 to ener 
gize the motor 42 to drive the drum 32 in a di 
rection to hoist the hook 34. Rotation of the 
drum 32 in a direction to hoist the hook 34 drives 
the can to through the differential 80 in a clock 
Wise direction, and, if the hook 34 overtakes the 
boom 8, the projecting portion 72 of the cam TO 
again strikes the rod 74 to open the contacts 66 
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3 
to stop the motor 42 and prevent the starting of 
the motor 48. The hook 34 is thus automatically 
prevented from approaching within a predeter 
mined distance from the boom pulley 36 regard 
less of the position of the boom 8, and may be 
hoisted to its maximum safe height while the 
boom 8 is in a raised position. 
At any time that the hook 34 and boom pulley 

36 are far enough apart for the contacts 6 to 
be closed and the boom 8 is not in its lowermost 
position determined by the contacts T6, movement 
of the controller 64 to the left causes energiza 
tion of, the switch 60 which when energized closes 
to cause the boom hoist motor 8 to drive the 
boom hoist drum 30 in a direction to lower the 
boom 8, and the cam 70 is driven in a clock-, 
wise direction. The boom 8 may continue to 
lower until the boom pulley 36 nears the hook 3 
at which time the projecting portion 2 of the 
cam. TO lifts the rod 74 to open the contacts 66 
or until the boom 8 reaches its lowermost posi 
tion and opens the contacts 76. 

Likewise, if the hook 34 and boom pulley 36 
are far enough apart for the contacts 66 to be 
closed, movement of the controller 62 to the 
right causes energization of the switch 54 which 
operates to cause energization of the motor 42 
so that the hook hoist drum 38 is driven in a 
direction to hoist the hook 34. The drum 38 when 
hoisting the hook 34 drives the cam TO in a 
clockwise direction to move the projecting por 
tion 72 toward the rod A. When the hook 84 
again approaches the boom pulley 36, the pro 
jecting portion 72 moves the rod 74 upward to 
open the contacts 66. Opening of the contacts 
66 deemergizes the switch 54 which thereupon 
opens to deenergize the motor 42 and prevent the 
reclosure of the Switch 60 So that the boom 
cannot be lowered. 
The hook 34 may be lowered at any time re 

gardless of the position of the boom fe by mov 
ing the controller 62 to the right to energize the 
switch 56 which, when energized, connects the 
motor 42 so as to drive the drum 38 in a direc 
tion to lower the hook 34. When rotating in 
this direction, the drum 30 drives the calm 70 
through the differential 80 in a counterclockwise 
direction so that the projecting portion 2 moves 
to the left away from the rod A. There is no 
limit to the extent of lowering of the hook pro 
vided by the limit switch 68 since it is assumed 
that all of the main hoist cable will be paid out 
before the cam to has made a complete revolu 
tion. 
The differential connection between the drums 

30 and 38 and the limit switch 68 compensates 
the limit switch 68 for the position of the boom 
f8. The accuracy of the limit switch compensa 
tion provided depends somewhat upon the geo 
metric configuration of the pivot point 20, point 
of cable attachment 24 on the boom 8, pulleys 
36 and 26, and the drums 30 and 38. Suitable 
gear ratios may be selected to insure that the 
accuracy of compensation is adequate for any 
particular installation. 
The control System for the motors 42 and 4 

has been shown greatly simplified for ease of un 
derstanding of the present invention. It is un 
derstood that actual control systems would be 
much more complicated including among other 
things acceleration resistance control and dy 
namic braking or other electrical braking con 
nections. 
I claim: 
1. In a control system for separately operable 

  



4 
reversible motors arranged to drive separately 
operable elements, respectively, and means for 
controlling the direction of rotation of Said mO 
tors, a differentially operated limit switch means 
for the notors and driven differentially in re 
sponse to the operated positions of said operable 
elements, said limit switch means having contact 
means for controlling the energization of said 
motors for one direction of rotation, said contact 
means permitting unlimited rotation of said mo 
tors in the opposite direction. 

2. In a control System for Separately operable 
reversible motors arranged to drive Separately 
operable elements, respectively, and means for 
controlling the direction of rotation of Said mo 
tors, said elements being selectively movable 
away from and toward each other depending up 
on the direction of rotation of Said motors, a dif 
ferentially operated limit switch means for the 
motors and driven differentially in response to 
the movements of said operable elements, said 
limit switch means having contacts operable for 
controlling the energization of Said motors when 
said motors are driving said operable elements to 
ward each other. 

3. A control system for separately operable re 
versible motors arranged to drive separately op 
erable elements, respectively, comprising energiz 
ing circuits for said motors, respectively, means 
associated with said energizing circuits for con 
trolling the direction of rotation of Said motors, 
a differential gear having driving elements and a 
common driven element, means operatively con 
necting the driving elements of said differential 
gear to said operable elements, respectively, for 
driving said driving elements in a fixed relation 
to said operable elements, respectively, a limit 
switch means operatively connected to the driven 
element of said differential gear and driven 
thereby, and Said limit switch means being Oper 
atively associated with said energizing circuits to 
control limits of relative positions of Said oper 
able elements by control of the energization of 
the motors. 

4. A control System for separately operable mo 
tors arranged to drive separately operable ele 
ments, respectively, comprising reversing Switch 
ing means for controlling the energization of said 
motors, a differential gear having driving ele 
ments and a common driven element, means op 
eratively connecting the driving elements of said 
differential gear to said operable elements, re 
spectively, for driving said driving elements in a 
fixed relation to said operable elements, respec 
tively, a limit switch operatively connected to the 
driven element of said differential gear and 
driven thereby, and said limit switch being oper 
atively aSSociated with said Switching means to 
control limits of relative positions of Said oper 
able elements by control of the energization of 
the motors. 

5. In a boom hoist, a boom, a boon hoist mech 
anism connected thereto for hoisting and lower 
ing of the boon, an independently operable load 
hoist drum, a load hoist cable connected thereto 
for hoisting and lowering of a load independent 
ly of the boom, independently operable motors 
for said boom hoist mechanism and said load 
hoist drum, respectively, a differentially oper 
able limit switch means for the motors and driven 
differentially in response to the operated posi 
tions of the boom and the load hoist cable for 
maintaining predetermined limits of relative po 
sitions of the boom and the load hoist cable. 

6. In a boom hoist, a boom hoist drum, a boom 
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hoist cable connected thereto for hoisting and 
lowering of the boom, an independently oper 
able load hoist drum and a load hoist cable con 
nected thereto for hoisting and lowering of a load 
independently of the boom, independently oper 
able motors for said drums, respectively, and a 
differentially operable limit switch means for the 
motor and driven differentially in response to the 
Operated positions of the boom and load hoist ca 
bles for maintaining predetermined limits of rel 
ative positions of the boom and load hoist cables. 

7. In a boom hoist, a boom hoist drum, a boom 
hoist cable connected thereto for hoisting and 
lowering of the boom, an independently opera 
ble load hoist drum, a load hoist cable connected 
thereto for hoisting and lowering of a load inde 
pendently of the boom, independently operable 
motors for said drums, respectively, a limit switch 
for controlling the operation of one of said mo 
tors to limit the range of operation of said boom 
hoist drum, and a differentially operable limit 
Switch means for the motors and driven differ 
entially in response to the operated positions of 
the boom and load hoist cables for maintaining 
predetermined limits of relative positions of the 
boom and load hoist cables. 

8. In a boom hoist, a boom, a boom hoist 
mechanism connected thereto for hoisting and 
lowering of the boom, an independently operable 
load hoist drum, a load hoist cable connected 
thereto for hoisting and lowering of a load in 
dependently of the boom, independently opera 
ble motors for said boom hoist mechanism and 
said load hoist drum, respectively, a differential 
mechanism having a plurality of driving elements 
and a common driven element, means for driv 
ing said driving elements in fixed relation to the 
Operation of the boom and the load hoist cable, 
respectively, and limit switch means for the mo 
tors driven by said common driven element of 
said differential mechanism for maintaining pre 
determined limits of relative positions of the 
boom and the load hoist cables. 

9. In a boom hoist, a boom, a boom hoist drum, 
a boom hoist cable connected thereto for hoist 
ing and lowering of said boom, a load attaching 
device, an independently operable load noist drum, 
a load hoist cable connected to said load hoist 
drum and said load attaching device and asso 
ciated with said boom for hoisting and lowering 
of said load attaching device independently of 
the boom, independently operable reversible no 
tors for said drums, respectively, a differential 
mechanism having a plurality of driving elements 
and a common driven element, means for driv 
ing said driving elements in fixed relation to 
the operation of the boom and load hoist drums, 
respectively, and limit switch means for the mo 
tors and driven by said common driven element 
of said differential mechanism, said limit switch 
means including contacts for controlling the op 
eration of said motors to maintain a predeter 
mined minimum distance between said boom and 
said load attaching device regardless of the hoist 
ed position of said boom. 

10. The combination with a boom crane hav 
ing a plurality of Separately operable hoist1ng 
mechanisms driven by an electrically controllied 
driving means and an electric circuit for con 
trolling the driving means, of a limit switch 
means operatively in said electric circuit and 
driven differentially by said mechanisms for con 
trolling said driving means. 

11. The combination with a boom crane hav 
ing a plurality of separately operable hoisting 
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mechanisms, a driving means therefor, and an 
electrical control system including a limit switch 
for controlling said driving means, of a differen 
tial mechanism for driving said limit switch in 
accordance with the operation of said hoisting 
mechanisms. 

12. In a boom holst, a boom, a boom hoist 
mechanism connected thereto for hoisting and 
lowering of the boom, an independently opera 
ble load hoist drum, a load hoist cable connected 
thereto for hoisting and lowering of a load in 
dependently of the boom, an electrically operated 
driving means for said boom hoist mechanism and 
said load hoist drum, a differentially operable 
limit switch means for said driving means and 
driven differentially in response to the operated 
positions of the boom and the load hoist cable 
for maintaining predetermined limits of relative 
positions of the boom and the load hoist cables. 

13. In a boom hoist, a boom hoist drum, a boom 
hoist cable connected thereto for hoisting and 
lowering of a boom, an independently operable 
load hoist drum, a load hoist cable connected 
thereto for hoisting and lowering of a load in 
dependently of the boom, an electrical driving 
means for said drums, a limit switch for control 
ling the operation of said boom hoist drum, and 
a differentially operable limit switch means for 
said driving means and driven differentially in 
response to the operated positions of the boom 
and load hoist cables for maintaining predeter 
mined limits of relative positions of the boom 
and load hoist cables. 

14. In a boom hoist, a boom, a boom hoist 
mechanism connected thereto for hoisting and 
lowering of the boom, an independently operable 
load hoist drum, a load hoist cable connected 
thereto for hoisting and lowering of a load in 
dependently of the boom, an electrical driving 
means for said boom hoist mechanism and said 
load hoist drum, a differential mechanism having 
a plurality of driving elements and a common 
driven element, means for driving said driving 
elements in fixed relation to the operation of 
the boom and the load hoist cables, respectively, 
and limit switch means for the driving means 
driven by said common driven element of Said 
differential mechanism for maintaining prede 
termined limits of relative positions of the boom 
and the load hoist cables. 

15. In a boom hoist, a boom, a boom hoist 
drum, a boom hoist cable connected thereto for 
hoisting and lowering of said boom, a load at 
taching device, an independently operable load 
hoist drum, a load hoist cable connected to said 
load hoist drum and said load attaching device 
and associated with said boom for hoisting and 
lowering of said load attaching device independ 
ently of the boom, a reversible electric driving 
means for said drums, a differential mechanism 
having a plurality of driving elements and a 
common driven element, means for driving said 
driving elements in fixed relation to the opera 
tion of the boom and load hoist drums, and lim 
it switch means for said driving means and 
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driven by said common driven element of said 
differential mechanism, said limit switch means 
including contacts for controlling the Operation 
of said driving means to maintain a predeter 
mined distance between said boon and said load 
attaching device regardless of the hoisted posi 
tion of said boom. 

16. A control system for an electrically oper 
ated driving means arranged to drive separately 
movable elements away from and toward an in 
terfering position with each other, means for 
selecting the direction of movement of said ele 
ments, forward control means for controlling 
said driving means while said elements are mov 
ing toward each other, reverse control means for 
controlling said driving means while said ele 
ments are moving away from each other, a dif 
ferentially operated limit Switch means for con 
trolling Said driving means and driven differen 
tially in response to the operated positions of 
said elements, said limit switch means including 
contact means associated with said forward con 
trol means and operable only while said elements 
are moving toward Said interfering position to 
stop said driving means, whereby said elements 
are prevented from reaching said interfering po 
sition. 

17. A control system for an electrically oper 
ated driving means arranged to drive separately 
movable elements away from and toward an in 
terfering position with each other, electrical 
control means for said driving means including 
means for selecting the direction of movement of 
Said elements and for stopping said elements, a 
differentially operated limit switch means for 
controlling said driving means and driven differ 
entially in response to the operated positions of 
said elements, said limit switch means including 
contact means associated with said control 
means and operable while said elements are 
moving toward said interfering position to stop 
said driving means, whereby said elements are 
prevented from reaching said interfering posi 
tion. 

18. A control system for an electrically oper 
ated driving means arranged to drive separately 
movable members away from and toward an in 
terfering position with each other, electrical con 
trol means for said driving means including 
means for selecting the direction of movement 
of said members and for stopping said members, 
a differential gear having driving elements and 
a common driven element, means operatively 
connecting said driving elements to said movable 
members, respectively, for driving said driving 
elements in a fixed relation to said movable 
members, respectively, a limit switch operatively 
connected to said driven element and driven 
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thereby, said limit switch means including con 
tact means associated with said control means 
and operable while said members are moving to 
ward said interfering position to stop said driv 
ing means, whereby said members are prevented 
from reaching said interfering position. 
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