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This invention relates to overload safety control ar 
rangements for hoisting equipment and, more particularly, 
to an overload safety control arrangement employed in 
hoisting equipment, such as, cranes, excavators and the 
like which are characterized by a boom which is pivotally 
supported at one end for angular movement in a vertical 
plane. 

It is conventional to provide hoisting equipment having 
angularly movable booms with means for measuring the 
moment of force applied by the load and means to cut 
cff the driving mechanism when the measured moment of 
force exceeds the static moment of the equipment so as 
to prevent the equipment from pitching. 
The moment of force which causes the hoisting equip 

ment to pitch is commonly known in the art as the pitch 
ing moment of the equipment. 
One type of prior control means comprises generally 

a means for measuring the weight of the load being lifted 
and additional means for determining the angular position 
cf the boom which corresponds to the moment arm of the 
load. When the product of the load and the moment arm 
is such as to create a moment of force substantially equal 
to the pitching moment, a means responsive to the mo 
ment of force being measured is rendered operative to cut 
off further operation of the hoisting equipment. These 
responsive means may be either electrically or hydrauli 
cally actuated. 

In another well-known type of overload safety control 
arrangement, the forces applied through the hoisting cable 
to lift the load are transmitted to the cable supporting 
frame by a compression spring and the end of the cable is 
connected to a control medium which moves in an arc 
upon swinging of the boom to different angular positions. 
Operatively associated with the control mechanism is a 
cam lever which is arranged so that as the moment arm 
of the bcom increases the distance between the arcuately 
movable control medium and cam lever decreases. The 
cam lever and control medium are further arranged so 
that under identical boom positions the distance between 
the control medium and cam lever is decreased when the 
lcad being hoisted is large and increased when the load is 
small. When the moment of force created by the load 
and the position of the boom approaches the pitching mo 
ment of the hoisting equipment, the can lever engages 
the control medium so as to energize switch means for 
deactivating the hoisting mechanism. 
A further well-known arrangement for stopping oper 

ation of the hoisting equipment in the presence of exces 
sive moment of force is the provision of a support for 
the cut-off switch which is movable eccentrically relative 
to the path of a control medium of the general type, 
above described, so that the switch moves into the path 
of the control medium as the horizontal projection, i.e., 
moment arm, of the boom lengthens. With this arrange 
ment the smaller limiting loads which may be applied at 
the lengthened moment arms cause the switch to be con 
tacted by the control medium to cut off operation of the 
hoisting equipment while at the same time maintaining the 
switch and control medium out of contact at shorter mo 
ment arms which may be subjected to heavier limiting 
loads. 
The above type of safety overload devices have the 
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common disadvantage of being of complex structure and 
expensive to manufacture and further require reconstruc 
tion to accommodate for the differences in pitching mo 
ment characteristics of the different types and sizes of 
hoisting equipment in which the device may be employed. 

It is an object of the present invention to provide a 
Safety overload arrangement for hoisting equipment which 
is capable of being adapted for use in boom type hoisting 
equipment having different overload or pitching moment 
characteristics without any material reconstruction thereof. 

'it its a further object of the invention to provide a 
hoisting equipment overload arrangement which is of sim 
ple design and economical to manufacture. 

Briefly, this invention comprises a lever pivoted about 
a fixed fulcrum and connected to the return run of the 
boom elevating or hoisting cable so that the pulling or 
tension forces on the cable exerted on the boom during 
hoisting of the load are imparted to the lever. The lever 
is arranged at a predetermined angle relative to the return 
run of the boom hoisting cable so as to overcome the 
actici of a biasing spring having a predetermined load 
ing resisting compression so that when the pitching mo 
ment of the hoisting equipment is approached the spring 
yields and the lever is turned about its fixed fulcrum 
thereby to close a switch and energize a circuit for in 
terrupting further hoisting of the load until the overload 
conditions are removed. 

Advantageously, the lever is superposed on a base plate 
which is also mounted on the fixed fulcrum of the lever. 
The plate is provided with means for supporting the com 
pression spring in contact with one side of the lever and 
also with a stop member contacting the lever on the op 
posite side from the spring to hold the lever against 
novement away from the spring. 
In its more specific aspects the base plate is adjustably 

connected on a bracket supporting the boom hoisting 
cable sheave to permit adjustment of the angle of the 
lever relative to the return run of the boom hoisting 
cable so that the tension forces corresponding to the 
pitching moment in the different angular positions of the 
boon are imparted to the biasing spring as an equal 
force. To this end the plate is formed with an arc or 
slot which accommodates a locking screw for locking the 
plate in an angular position about the fixed fulcrum. 
A typical design in accordance with the invention is 

Set forth in detail hereinafter, as shown in the following 
drawings, in which: 

FiG. 1 illustrates an elevational view of an excavator 
embodying the present invention. 

FIG. 2 is a fragmentary elevational view showing the 
details of the present invention. 
FIG. 3 is a vector diagram showing the relationship 

of the static moment forces of the hoisting equipment 
with respect to the forces exerted by the load at differ 
ent positions of the boom. 

FiG. 4 is a vector diagram of the hoisting cable forces 
applied to the lever of the safety control arrangement of 
the present invention. 

Referring now to the figures, in particular, FGS. 1 
and 2, the invention is shown as embodied in an excavator 
19 comprising an undercarriage 12 supporting a cab 
SuperStructure 12, a boom 43 pivotally connected to the 
cab Superstructure 12 at A for swinging movement in a 
vertical plane into different angular positions relative to 
the horizontal. For lifting the boom or changing the rela 
tive angular position of the boom 53 there is provided a 
boom retracting cable 14 which is trained over a guiding 
sheave 15 suitably supported on bracket 16. One end of 
the retracting cable 14 is connected to the winding winch 
f7 and the cable return run 48 is operatively connected to 
the safety control overload arrangement 19 of the present 
invention, as more fully to be explained hereinafter. 
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Referring now to FIG. 2, the safety overload control 
arrangement 9 comprises a lever 28 of which one end 2: 
is connected to the cable return run 13. The lever 28 is 
pivotally supported on a fixed fulcrum or stud 22 fas 
tened to the bracket 6. 

Also pivotal about the stud 22 is a base plate 23 hav 
ing a projecting flange 24 formed on one end remote from 
the lever end 2 and adjacent ever end 25. The flange 
24 supports a compression spring 26 which contacts the 
underside of the lever end 25 of the ever 25. Also 
provided on the base plate 23 adjacent the lever end 25 
is a stop member 27 which serves to prevent clockwise 
movement of the ever 2 about the stud 22. 

Mounted on the plate 23 intermediate the stud 22 and 
the lever end 25 is a limit switch 23 which is adapted to 
be engaged by a cam piece 29 fixed to the lever 28 upon 
counterclockwise movement of the lever 26 to close the 
switch 28 and thereby energize an electric circuit 33 
which is connected to means for activating the stopping 
mechanism for cutting out further operation of the hoist 
ing equipment until the pitching moment loading condi 
tions are relieved. The means for stopping the hoisting 
equipment may be of any conventional type. These stop 
ping devices are generally of an electro-pneumatic nature 
in which the pneumatic means are operative to activate 
brakes and to cut off the operation of the boom hoisting 
winch and the winch associated with the load hoisting 
cable. 
Formed in the lower end of the plate 23 is an arcuate 

slot 3 which accommodates a locking screw 32 adapted to 
be threaded into the bracket 16 so as to clamp the base 
plate 23 in a fixed angular position relative to the cable 
return run 8. Adjustment of the angular position of the 
base plate 23 also results in adjusting angle a of the 
longitudinal axis of the lever 26 relative to the position 
of the hoisting cable return run 8. The angle a between 
the longitudinal axis of the lever 20 and the cable re 
turn run 13 is of significance in the operation of the over 
load safety control arrangement, as more fully to be ex 
plained hereinafter. 
The compression spring 26 is of a predetermined com 

pression loading so as to resist the varying forces trans 
mitted thereto via the lever 29 and cable return run i8 
as long as these forces are of lesser value than those Cor 
responding to the pitching moment of the excavator it 
in any one of the angular positions of the boom. When 
the loading conditions on the boom 3 are such that the 
tension forces transmitted to the spring 26 via the cable 
return run 18 and lever 20 are such as to approach the 
pitching moment of the apparatus, the spring 26 is com 
pressed so that the lever 2 is turned counterclockwise 
about the stud 22 whereby the member 29 contacts the 
imit switch 28 so that the electrical circuit 3 is ener 
gized to activate the stopping equipment. The manner in 
which the forces on the cable return run 8 vary in differ 
ent angular positions relative to the pitching moment and 
how the spring compression loading is determined will be 
mcre fully explained hereinafter. 

In order to provide a more complete and better under 
standing of the arrangement and the results achieved 
thereby, especially with respect to the forces which are 
developed in the operation of the excavator and to explain 
the significance of the angle a, reference is made to the 
vector diagrams illustrated in FGS. 3 and 4. 
As illustrated in the vector diagram of FIG. 3, the 

point S represents the center of gravity of the cab of 
the excavator A9, the vector W represents the weight of 
the cab, the point A the pivot point of the boom 3 on 
the cab S2 and the point 21 represents the point of attach 
ment of the hoisting cable return run 18 to the lever 20. 
The boom 3 is disclosed at angles of 30, 45, 60 and 75 
degrees relative to the horizontal and the cable return 
run 18 is shown in its operative position in each one of 
the respective angular positions of the boom 3. 

If it is assumed that the cab 2 of the excavator 9 
has an empty weight of 2,000 kilograms and the hori 
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4. 
zontal projection of the distance from the center of 
gravity S to the boom pivot point A is three meters, the 
static moment of the apparatus is equal to 3X2,000 or 
6,000 kilogram meters. 

In addition, if it is further assumed that the length 
of the boom equals 8 meters and further that the end or 
point 2 of the lever 29 of the control mechanism 19 is 
spaced 1 meter horizontally and 2.5 meters vertically 
from the pivot point A of the boom, the load - which 
can be safely carried in each one of the respective angular 
positions of the boom can be determined in accordance 
with the equation 

Ms 
TBhp 

wherein Ms represents the static moment and Bhp rep 
resents the length of the horizontal projection of the 
boom. From the foregoing equation it can be deter 
mined that the maximum load which may be lifted at the 
different angles 30, 45, 60 and 75 degrees of the boom 
without exceeding the pitching moment of the apparatus 
are as follows: 

L 

2000X 3 L-1 (75°)=.js r=2,884 kilograms 
orano y 2000X3- - L-2 (60 )= r= 1,431 kilograms 

L-3 (45)-2938-1,052 kilograms 
2000X 3 

L-4 (30°)=2, r=862 kilograms 
These maximum loads at the different positions of the 

boom create the following tension forces in the return 
run length 18 of the cable 5 and which may be graphical 
ly determined are as follows: 
S-1=2,800 kilograms 
S-2=2,300 kilograms 
S-3=2,200 kilograms 
S-4-2,200 kilograms 
From the foregoing it is evident that the tension forces 

in the cable return run 8 of the boom hoisting cable 4 
are not equal when the maximum loads are applied at the 
different angular positions of the boom 53. However, 
as mentioned heretofore, the compression spring which 
permits turning of the lever 28 about the stud 22 so as to 
permit contacting or closing of the limit switch 28 is of 
a predetermined magnitude and will yield only under a 
predetermined force. It is, therefore, necessary to adjust 
the angular position of the lever so that the unequal 
tension forces S-3, S-2, S-3 and S-4 in the cable return 
run 8 are transmitted as a constant force to the spring 
26 so that the latter will yield whenever the loading con 
ditions in any one of the different angular positions of the 
boom is Substantially equal to the pitching moment of 
the apparatus. 
The angle a is determined by the vector diagram illus 

trated in FIG. 4 in which the tension forces S-1, S-2, S-3 
and S-4 in the return cable run 88 at the 30, 45, 60 
and 75 positions of the boom, respectively, are shown 
as acting against the end 23 of the lever 20. For the 
purpose of simplifying the mathematics involved, the 
fulcrum 22 is shown as being located halfway between 
the ends 2i and 25 of the lever such that the moment arms 
C and D on either side of the fulcrum 22 are of equal 
length. The length of the illustrated moment arms C 
and D is assumed to be 3 meters by way of example only. 
The lever 28 is arranged relative to the forces S, S-2, 
S-3 and S-4, so that when the forces S-1, S-2, S-3 and 
S-4 are each resolved into their parallelogram of forces, 
the components thereof normal to the longitudinal axis 
of the lever 20 are all equal. In this manner, of course, 
the forces F exerted on the opposite end 2 of the lever are 
also equal, 
As is evident from FIG. 4, when this condition exists, the 



3,072,264 
5 

angle a is defined by the force S-1 in the 75 position of 
the boom 13 and the longitudinal axis of the lever 20. As 
before described, the plate 23 is adjusted on the bracket 
arm 16 so as to obtain the required angle. In the illus 
trated example, the angle a is approximately 129. To 
further demonstrate that the unequal forces S-1, S-2, 
S-3 and S-4 applied to the lever end 23 result in the ap 
plication of a constant force F to the end 25 of the lever 
20, the formula 

in which the value Y is the length of the perpendicular 
from the fulcrum 22 to the line of force S being applied 
may be employed. In the vector diagram of FIG. 4 
only the Y- and Y-4 perpendiculars are shown. How 
ever, as mentioned above for the purpose of illustration, 
the lever moment arms C and D are taken to be equal so 
that their ratio is unity and, therefore, may be disregarded 
in the calculations. Of course, in the event that the 
ratio of the moment arms C and D is not unity, then it 
must be employed. In accordance with the above for 
mula, the following relationship of forces are obtained 
at the ever end 25 when the values as graphically de 
termined in accordance with the vector diagram are sub 
stituted therein. 

F at 15-2,800285 A2,200 kilograms 

F at 60-2800287-2200 kilograms 

Fat, 45°-22:38-2,200 kilograms 

F at 30–22:3-2:200 kilograms 
From the foregoing it is also evident that these vector 

diagrams may be employed to select the particular Spring 
appropriate or suitable to react against the applied forces 
on the end 25 of the ever. In the instant example, the 
spring should be capable of resisting forces less than 
2,200 kilograms and compressing or yielding under forces 
of 2,200 kilograms so as to permit turning of the lever 
and contacting of the limit switch 28 to energize the 
conventional shut-off mechanism. 

It should also be readily apparent that the safety over 
load device is operative throughout the full range of 
pitching moments of the boom in the different angular 
positions thereof so as to activate the lever 20 in counter 
clockwise direction about the stud 22 whereupon the 
switch 28 is energized by way of the camming piece 29. 

Furthermore, the safety overload apparatus of the pres 
ent invention may be adapted for use in different models 
of boom type hoisting equipment having different pitching 
moment characteristics by merely adjusting the angle a be 
tween the cable return 3 and the lever 28 so that the 
forces on the return run 8 corresponding to the maximum 
and minimum pitching moment of the particular model 
are transmitted as a constant force to the lever end 25 
and so selecting the spring 26 that it yields under this 
constant force to permit closing of the Switch 28. 

Having now described the invention, what I claim as 
new and desire to secure by Letters Patent, is: 

1. In a hoisting apparatus having a superstructure, a 
boom pivotally supported on said superstructure at a 
point spaced from the Superstructure center of gravity and 
being movable in a vertical plane, a cable operatively 
connected to the free end of said boom for moving said 
boom into different angular positions and having a return 
ruin, and a safety overload device for cutting off further 
hoisting when the loading on said boom is substantially 
equal to the pitching moment of said apparatus in the 
different angular positions thereof comprising a lever con 
nected at one end to said cable return run and pivotable 
about a fixed fulcrum mounted on said superstructure, 
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6 
and spring means having a predetermined loading resist 
ing compression contacting the other end of said lever 
opposing the tension forces in said cable return run during 
hoisting so as to preclude turning of said lever when the 
moments exerted by the tension forces in said cable re 
turn run on said lever are less than those corresponding 
to the pitching moment of said apparatus and being yield 
able to permit turning of said lever when said moments 
correspond to the pitching moment of said apparatus, 
means adjustably mounting said lever for adjusting the 
ange between the longitudinal axis thereof and the cable 
return run so that said moments exterted by the forces in 
said cable return run corresponding to the pitching 
moment of the apparatus in the different angular positions 
of the boom are transmitted as a substantially constant 
force to compress said spring, and switch means located so 
as to be operated when said lever turns and adapted to 
energize means for cutting out further hoisting until the 
pitching conditions are relieved. 

2. The invention as defined in claim in which said 
adjustable mounting means comprises a base plate under 
lying said lever and which is mounted on said fixed full 
crum for limited turning adjustment thereabout. 

3. The invention as defined in claim 2 in which said 
base plate is provided with means for mounting said 
spring contacting said other end of said lever and stop 
means on Said plate contacting Said lever to prevent turn 
ing of said lever away from said spring. 

4. The invention as defined in claim 3 in which said 
base plate supports said switch means. 

5. The invention as defined in claim 4 in which said 
lever is provided with means for closing said switch 
means upon turning about said fulcrum. 

6. In a hoisting apparatus having a superstructure, a 
boom pivotally supported on said superstructure spaced 
from the center of gravity thereof and being movable in 
a vertical plane into different angular positions, a cable 
operatively connected to the free end of said boom for 
moving said boom and having a return run, a sheave over 
which said cable is trained and means supporting said 
sheave on said Superstructure, a safety overload device op 
erative when the loading on said boom is substantially 
equal to the pitching moment of said apparatus in the 
different angular positions of said boom comprising a full 
Crun fixed on said sheave Supporting means, a lever coin 
Rected at one end to Said cable return run and pivotable 
intermediate its ends about said fixed fulcrum, spring 
means having a predetermined loading resisting compres 
sion contacting the other end of said lever opposing the 
forces in said cable return run during hoisting so as to 
preclude turning of said lever when the moments exerted 
by the forces in said cable return run on said lever are 
less than those corresponding to the pitching moment of 
Said apparatus and being yieldable to permit turning when 
said moments correspond to the pitching moment of said 
apparattis, a base plate supporting said lever and being 
mounted on said fixed fulcrum for limited turning ad 
justment thereabout so as to adjust the angle between the 
longitudinal axis of said lever and the cable return run 
so that Said moments exerted by the forces in said cable 
Teilirn Tun corresponding to the pitching moment of the ap 
paratus in the different angular positions of the boom are 
transmitted as a substantially constant force to compress 
Said Spring, and control means iocated so as to be op 
erated when said lever turns and adapted to cut out fur 
ther operation of the hoisting equipment until the pitch 
ing conditions are relieved. 

7. In a hoisting apparatus having a superstructure, a 
boom pivotally supported on said superstructure at a 
point Spaced from the superstructure center of gravity 
and being movable in a vertical plane, a cable operatively 
connected to the free end of said boom for moving said 
booin into different angular positions and having a return 
run, and a safety overload device for cutting off further 
hoisting when the loading on said boom is substantially 
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equal to the pitching moment of said apparatus in the 
different angular positions thereof comprising a lever con 
nected at one end to said cable return run and pivotable 
about a fixed fulcrum mounted on said superstructure, 
means adjustably mounting said lever for adjusting the 
angle between the longitudinal axis thereof and the cable 
return run so that the component of force of said cable 
force applied normal to the axis of said lever for the 
pitching moment of the apparatus in different angular 
positions of the boom is substantially a constant value, 
resilient means having a predetermined loading resisting 
compression engaging said lever and opposing said com 
ponent of force in said cable return run during hoisting 
So as to preclude turning of said lever when said com 
ponent of force in said cable return run is less than said 
constant value and being yieldable to permit turning of 
Said lever when said component of force is at least equal 
to said constant value, and switch means located so as 
to be operated when said lever turns and adapted to en 
ergize means for cutting out further hoisting until the 
pitching conditions are relieved. 

8. In a hoisting apparatus having a superstructure, a 
boom pivotally supported on said superstructure spaced 
from the center of gravity thereof and being movable in 
a vertical plane into different angular positions, a cable 
operatively connected to the free end of said boom for 
moving said boom and having a return run, a sheave over 
which said cable is trained and means supporting said 
sheave on said superstructure, a safety overload device 
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operative when the loading on said boom is substantially 
equal to the pitching moment of Said apparatus in the 
different angular positions of said boom comprising a 
fulcrum fixed on said sheave supporting means, a lever 
connected at one end to said cable return run and pivot 
able intermediate its ends about said fixed fulcrum, a 
base plate supporting said lever and being mounted on 
said fixed fulcrum for limited turning adjustment there 
about, means adjustably mounting said lever for adjust 
ing the angle between the longitudinal axis thereof and 
the cable return run so that the component of force of 
said cable force applied normal to the axis of said lever 
for the pitching moment of the apparatus in each differ 
ent angular position of the boom is substantially a con 
stant value, resilient means having a predetermined load 
ing resisting compression engaging said lever and oppos 
ing said component of force in said cable return run dur 
ing hoisting so as to preclude turning of said lever when 
said component of force in said cable return run is less 
than said constant value and being yieldable to permit 
turning of said lever when said component of force is at 
least equal to said constant value, and switch means lo 
cated so as to be operated when said lever turns and 
adapted to energize means for cutting out further hoisting 
until the pitching conditions are relieved. 
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