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APPARATUS AND MEANS FOR MONITORING 
MOMENTS IN MATERIAL HANDLING 

EQUIPMENT 

BACKGROUND OF THE INVENTION 
This invention relates to materials handling equip 

ment, and particularly to methods and means for moni 
toring the safety conditions in cranes. 
The invention has more particular relevance to appa 

ratuses and means for measuring and displaying the 
moments generated in a crane, and associated with the 
safety of the crane, while the crane is lifting a load with 
a boom and hook assembly. . 

In such cranes the boom which lifts the load is articu 
lated vertically about a pivot. This angular change of 
boom position varies the lifting radius of the crane. The 
lifting radius may also be changed by varying the length 
of the boom. For these reasons the moments generated 
by the boom and load depend not only on the weight 
of the load but the variable factors which affect the lift 
ing radius, namely the boom length and the boom an 
gle. It is possible-that a'large moment produced by a 
heavy‘ load may tip the crane. Tipping a crane can, of 
course, represent an extreme saftey hazard. Thus, it is 
important to monitor the moments generated. 

In presently available or known monitoring processes 
and systems, separate transducers independently mea 
sure the magnitude of the load to which a crane is sub 
jected and the magnitude of the crane’s lifting radius. 
Electronic means calculate the product of ‘the load and 
the crane’s lifting radius to obtain a composite or total 
moment. A display device then exhibits the output of 
the electronic means. ' 

The necessity of using separate transducers for mea 
suring the load and lifting radius, and for combining the 
measurements, imposes undesired costs and inaccura 
cies on such systems. 
Such processes and devices are also unable to re 

spond readily to the moments contributed by a mov 
able boom or complex moments resulting from lifting 
a load with multiple hooks. Moreover, they are unable 
to respond accurately to variations in the rigging ‘of the 
crane. ,. » . 

An object of this invention is to overcome‘ the before 
mentioned de?ciencies. 
Another object of this invention is to improve meth 

ods and means for monitoring crane moments. 
Another object of the invention is to provide proc 

esses and apparatuses for directly monitoring compos 
ite or total crane moments resulting from combinations 
of loads and lifting radii. 
Yet another object‘ of the invention is to monitor the 

total torque upon a crane by measuring only a single 
parameter. - ' 

SUMMARY OF THE INVENTION 
According to a feature of the invention, the total mo 

ment generated about a pivot by the weight-lifting 
means of a crane is determined by measuring the stress 
on a member which transmits the weight-lifting force of 

i the crane to a counterweight on the crane and which 
is located at a ?xed position relative to the pivot. The 
measured value is used as an indication of the moment 
to which the crane is subjected. 
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According to another feature of the invention, the 

stress is measured by a transducer which responds to 
the strain in the member. 
According to another feature of the invention, an 

electrically connected display responds to the measure 
ment and allows monitoring of the moment.‘ 
According to another feature of the invention, a sin 

gle transducer is used to measure the stress which is di 
rectly proportional to the total or composite moment. 

According to another feature of the invention, the ‘ 
stress is measured by a strain gauge secured to a ?xed 
structural tension member which transmits a lifting 
force on the crane counterweight. 
According to another feature of the invention, the 

strain gauge is welded to an existing crane structural 
tension member so as not to affect the strength of the 
member. 
By virtue of these features a single transducer is capa 

ble of responding to any combination ofv boom angle, 
boom weight, load, or combination of loads through a 
single transducer output. ’ 

' According to another feature of the invention, an 
alarm or warning circuit produces a visible or audible 
signal when the output of the strain gauge exceeds a 
predetermined threshold value. Such an alarm alerts 
the. crane operator of any dangerous combinations of 
load and boom angle regardless of the rigging or 
changes in the boom length. . . 

According to another feature of the invention, the 
threshold level atwhich the alarm is set to produce its . 

. signal is varied in accordance with the relationship of 
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the superstructure of the crane relative to its base. This 
is particularly important when the boom is turned later 
ally relative to the crane ’s base. The latter may hold the 
crane‘more stably in one direction than a direction 
transverse thereto. ‘ r 

The present invention furnishes a monitor system 
more versatile and simple than those presently avail 
able. . 

The above and other features of the invention are 
pointed out with particularity in the claims. Other ob 
jects and advantages of the invention will become more 
obvious from the following detailed description when 
read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is an elevation of a boom crane embodying 

features of the invention. ' 
FIG. 2 is a detailed drawing illustrating a transducer 

used in the embodiment of FIG. 1. 
FIG. 3 is a force diagram showing the major loads, 

angles, distances, and forces applied-to the crane of 
FIG. 1, and illustrating the vmanner in which a single 
measurement is capable of monitoring the overall mo 
ment of any-combination of boom length, weight, an 
gle, and load or rigging. 
FIG. 4 is an electrical block diagram illustrating the 

circuitry of the embodiment of the invention in FIG. 1. 

FIG. 5 is a pictorial representation of the system 
components utilized in the embodiment of FIG. 1. 
FIG. 6 is a block diagram of a portion of the diagram 

in FIG. 4 illustrating a modi?cation of the circuit in 
FIG. 4 and representing another embodiment of the in~ 
vention; and 
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FIGS. ‘7 and 8 are schematic representations of the 
crane with a quadrant sensor embodying features of the 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In FIG. 1, a crane 10 supports a load 12 from a boom 
vl4. A boom angle line 16 extending from the boom 14 
through a pulley l8 and operated from a control 20 
over a pulley 22, articulates the boom 14 about a pivot 
24. A boom pin forms the pivot 24. A compression leg 
26 of the crane’s mast supports the pulley 22. A line 28 
passing over the pulleys 30, .32, 34, and 36 from the 
control 20 adjusts the height of the load 12 relative to 
the end of the boom 14. ' 
Balancing thev downward forces of the boom and 

other weights on the crane 10 is a counterweight‘38. A 
tension leg 40 which forms a mast with the compression 
leg 26 transmits the downward force of the counter 
weight 38 to the boom 14 mainly through the line 16. 

A platform 42 rotatably supports the entire crane’s 
structure over a tractor base 44. Thus, the mast formed 
by the legs 26 and 40 may be rotated together with the 
boom 14 relative to the tractor base 44. 
A strain-gauge transducer, whose structure is shown 

in FIG. 2, is welded to the tension leg 40 in the location 
illustrated-in FIG. ,1. The transducer 46 is a heavy duty 
device capable of being easily mounted by welding 
onto a structural member without disturbing the 
strength of the member. As shown in FIG. 2, an elon 
gated plate 48 (about l0 inches X 2 inches) of the. 
transducer 46 is'mounted longitudinally onthe leg 40 
by two transverse welds 49 and 50. The plate 48 is sub 
jected to strains corresponding to those in leg 40. 
A sensor Tl (about 1 inch X V2 inch), whose resis 

tance varies with the strain tov which it is subjected, is 
secured along the plate 48 so that it is strained by the 
strain in the plate 48 and leg 40. An envelope 52, 
screwed to the plate 48, includes a base 54 with a win 
dow 56 that exposes the sensor Tll to the interior of the 
envelope. The envelope 52 holds a temperature 
compensating sensor T2,‘identical to the sensor T1 but 
not stressed by the’ plate 48. TI and T2 are used in a 
bridge con?guration along with R! and Rz; however RI 
and R2 are located within the electronics package. A 
signal cable 58 emerges from the envelope 52. The 
cable furnishes energizing current to the measuring cir~ 
cuit and carries the measured output signal. 
vAs shown in FIG. I, the cable 58 terminates at an‘ 

electronic control 60 which includes a display meter 62 
in‘ a cab 64. The positions of the display meter 62 and 
alarm and recording equipment also in the control 60, 
are such that a crane operator in the cab 64 may ob 
serve and hear them. ' 

In operation, the operator moves the load '12 circum 
ferentially about the crane by rotating the platform 42 
so as to rotate the superstructure including the boom 
14 relative to the tractor base 44. At the same time the. 
operator moves the load '12 radially and upwardly by 
controlling the line 16 and drawing on the line 28. The 
transducer 46 measures the strain, and hence the stress, 
imposed on the tension member 40 by the clockwise 
rotational moments in the vertical plane, which the 
weights of the load 12 and the boom l4 transmit 
through the boom and the line 16 and through the ten 

, sion leg 40 to the counterweight 38. The transducer 46 
does not affect the strength of the crane structure but 
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simply monitors the resulting tension in leg 40. 

The force diagram of FIG. 3 illustrates the tension leg 
40, counterweight 38, compression leg 26, line 16, and 
boom 14 schematically. The diagram illustrates how all 
of the load and boom moments are summed in the ten 
sion leg 40. Taking the moments about the pivot 24, 
that is at the boom pin, the clockwise moments Mcw 
are found to be: 

where W is the weight of the load, L is the length of the 
boom, B is the weight of the boom, D is the distance 
from the pivot 24 of the center of gravity of the boom, 
and 6 the angle of the boom above the horizontal. 
The counterweight 38 offsets the clockwise mo 

ments. The forces F, and F2 furnish the physical sup 
‘ port for the weight of the crane, including the counter‘ 
weight as well as the load 12. The force produced by 
the clockwise moments is transmitted to the counter 
weight 38 through the boom angle line 16 and the ten 
sion leg 40 as a lifting force on the counterweight 38. 

The counterclockwise moments MCL-W are repre 
sented by the tension T in the leg 40 acting over a ra 

I dius arm X. ThusMmw = TX. 
The ?xed geometry of the mast and the ?xed distance 

‘ of the tension leg 40 from the pivot 24 allow a single 
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measurement porportional to the tension T to be di 
rectly proportional to the total clockwise moments as 
shown by the equation: ' 

TX=WL cos0+BDcos 0 

Thus, ' 

.T ={WL/X ) cos 0 + (BD/X) cos 0 

The transducer 46 monitors the strain in the tension 
member by the relationship 

‘T =(WL/X .) cos 0 + (BD/X) cos 0 

@zIlME 
when 6 is the strain value, T is the tension force in the 
leg 40, M is the cross-sectional area of. the tension leg 
40, and E is the elastic modulus of the tension leg mate 
rial. ’ 

Since the values M and E are constant, they result in 
a_ strain value a that is linearly proportional to the 
.slqskwiss wetness asshewn by 

cos V¢+(%,l2) cos (I) 
' ., 

The transducer 46 senses the strain value to produce a 
signal in the cable 58. 
The details of the electronic circuit appear in the 

block diagram of FIG. 4‘. Here, within the transducer 
46, the sensor Tl forms a strain gauge bridge 70 with 
'the sensor T2 and the resistors R1 and R2. A ?ve-volt 
direct current power supply 72 in the electronic control 
60applies a voltage across two opposing corners of the 
bridge through the cable 58. Only the sensor T1 is 
strained by the stress on the leg 40 and the plate 48. 
The sensor T2 does not Contact the plate and serves 
only to provide temperature compensation to the 
bridge 70. Unbalance of the bridge 70 produces a volt 
age at the remaining corners. This voltage is then ap 
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plied through the cable 58 to an ampli?er '74 of the 
control 60. 7 

In the control 60, a +15 to —l5 volt direct current 
power supply 76 energizes the ampli?er 74. The power 
supplies 72 and 76 are in turn energized by an external 
power supply such as a battery or a power cable. The 
meter 62 displays the output of the ampli?er 74. 
A warning circuit 78 and a recording circuit 80 also 

respond to the output of the ampli?er. The warning cir 
cuit issues visual and audible alarms when the ampli?er 
74 produces a signal indicating that the strain in the leg 
40 sensed by the sensor Tl unbalances the bridge be— 
yond a'predetermined thresholdv value. The recording 
circuit '80 continuously records the unbalance within 
the bridge 70 as indicated by the ampli?er 74. Thus, 
the recording circuit 80 produces a record correspond 
ing to the variation in strain on the leg 40. Similarly, the 

_ voltage display meter indicates a- value corresponding 
to the instantaneous strain in the leg 40. Since this 
strain is proportional to the total clockwise moments, 
the meter 62 and circuits 78 and 80 are responding 
continuously to moment measurements. 

FIG. 5 illustrates pictorially the interconnections be 
tween the electrical components. Here, the cable 58 
joins the transducer 46' to a cabinet 82 holding the 
power supplies 72 and 76, the ampli?er 74, the meter 
62, and the circuits 78 and 80. A battery 84 energizes 
the system in the cabinet 82 through a power cable 86. 

Acoording to other embodiments of the invention, 
the transducer 46 may be otherwise located. According 
to still another embodiment of the invention, the trans 
ducer 46 constitutes a type other than an electrical 
strain gauge. The moment monitor generally is applica 
ble to systems other than cranes without departing 
from the invention. _ 
Whether any one moment is likely to result in tipping 

of the crane depends upon the nature of the base upon 
which the crane structure sits. 
As shown in FIG. 1, thecrane superstructure rests on 

a tractor base, which viewed from above is approxi 
' mately square. The warning circuit 78 is set to produce 

its alarm signal when, based upon prior calculations, 
the moment is suf?cient to cause tipping of the crane 
about its tractor base. The display meter can be marked 
to indicate that the particular moment along its scale 
exceeds the threshold value. According to another em 
bodiment of the invention, the meter scale is marked in 
percentages of the calculated tipping moment. Accord 
ing to another embodiment of the invention, the tractor 
base 42 is not square but is longer longitudinally than 
crosswise. Under these circumstances a lesser moment 
would be required to tip the crane if the superstructure 
is rotated so that the boom extends transverse'to the di 
rection of the tractor base than when the boom extends 
longitudinally. ln this transverse direction a moment 
which would otherwise be quite-safe if applied in the 
longitudinal direction, can be hazardous. FIG. 6 illus 
trates means for automatically adjusting the display for 
the rotary position of the superstructure relative to the 
tractor base. In FIG. 6 a quadrant sensor 90 is con 
nected to the ampli?er 74 to vary the ampli?cation of 
the ampli?er 74. The quadrant sensor is mounted on 
the superstructure and determines the direction the 
boom is facingThis quadrant sensor can, for‘example, 
be composed of a reed switch mounted on the platform 
42 which responds to magnetic strips mounted above 
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the tractor base 44. The quadrant sensor 90 increases 
the ampli?cation of the ampli?er 74 when the boom is 
directed transverse to the direction of the tractor base, 
or within a predetermined angular range of this trans 
verse condition, such as within 45° of the transverse 
condition. The quandrant sensor decreases the ampli? 
cation of the ampli?er 74 when the. boom is aligned 
‘with the tractor base, or within 45° of such alignment. 

The transducer'46 constitutes a rugged device capa 
ble of prolonged use with. cranes. The entire system 
represents a simple measuring apparatus able to with 
stand the demanding conditions associated with cranes. 

FIGS. 7 and 8 illustrate plan views of an embodiment 
of a quadrant sensor 90 mounted on the crane. When 
the superstructure, here designated 92, aligns the boom 
longitudinally with the base 42 as shown .in FIG. 7, a 
pair of reed switches 94 and 96 mounted under the su 
perstructure lie‘ between two magnetic strips on the 
base 42. When the boom 14 is turned as shown in F IG. 
8, the reed switches overlie the magnetic strips and are 
energized by them. The energized reed switches in 
crease the ampli?cation of the ampli?er 74 to cause a 
higher reading in circuits 78 and 80. This initiates an 
alarm for smaller moments when the boom 14 is 
aligned transverse to the base 42. . 
According to another embodiment of the invention, 

a manual switch located in the electronics control may 
be set by the crane operator for side positions, corner 
positions, forward positions, or side position with out 
riggers. 
According to another embodiment of the invention, 

the magnetic strips 98 and 100 are mounted on the su 
perstructure 92 and the switches 94 and 96 on the base 
42. 

It should be noted that the edge of the base 42 in the 
direction of the boom 14 is the tipping point of the 
crane. In FIG. 3 this point is approximately aligned with 
pivot 24. When this tipping point is not near the pivot 
24 as in FIG. 8, the upward force on the tipping point 
produces an extra clockwise moment about point'24 in 
FIG. 3. This moment adds a term to the value T and to 
the numerator of the value c. This term is effectively 
entered into the ampli?er by the quadrant sensor 90. 
An extra constant term is also added to the ampli?er if 
the tipping point is always far from the point 24. 
According to another embodiment of the invention, 

the ampli?cation of the ampli?er 74 is increased to em 
brace a safety factor. According to still another em- - 
bodiment the safety factor is suf?ciently large to elimi 

' nate the need for the quadrant sensor. The safety factor 
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is, according to another embodiment, entered into the 
circuits 78 and 80. . ‘ 

While embodiments of the invention have been de 
scribed in detail, it will be obvious to those skilled in 
the art that the invention may be embodied otherwise 
without departing from its spirit and scope. ' 
What is claimed is: 
l. A materials handling apparatus, comprising 

weight-lifting means forming a pivot about which 
weights applied to said weight-lifting means produce 
moments in one direction, counterweight means, 
stressable means connecting said counterweight means 
to said weight-lifting means at a ?xed distance relative 
to the pivot for applying an opposing moment to said 
weight-lifting means. measuring means coupled to said 
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stressable means for measuring the stress in said stress 
able means, and output means coupled to said measur 
ing means for producing output signals corresponding 
to the stress measured. - 

2. An apparatus as in claim 1, wherein said weight 
lifting means includes a boom articulatable about the 
pivot. ~ > 

3. An apparatus as in claim 1, wherein said weight 
lifting means includesa boom articulatable about the 
pivot, and wherein said weight-lifting means and said 
stressable means form a mast having a compression 
member in said weight-lifting means and a tension ' I 
member in said stressable means. 

4. An apparatus as in claim 1, wherein said stressable 
means is subject to strain and said measuring means 
measures the strain. . 

5. An apparatus as in claim 1, wherein said stressable 
means includes a tension member. 

6. An apparatus as in claim 1, wherein said measuring 
means includes a transducer. 20 

7. An apparatus as in claim 1, wherein said measuring _ 
' means includes a strain gauge. 

8. An apparatus as' in claim 1 wherein said measuring 
means includes a strain gauge forming a portion of a 
strain gauge bridge. 

9. An apparatus as in claim 1 wherein said stressable 
means is subject to strain and said measuring means in 
cludes a transducer for measuring'the strain. 

10. An apparatus as in claim 1, wherein said stressa 
ble means is subject to strain and said measuring means 
includes a strain gauge for measuring the strain. 

11. An apparatus as in claim 1-, wherein said stressa 
ble means includes a tension member forming a portion 
of a mast, said weight-lifting means including a com 
pression member forming another part of said mast, 
said tension member being ?xedly mounted relative to 
the pivot, said measuring means including a strain 
gauge forming a portion of a bridge and mounted on 
said tension member. 

12. An apparatus as in claim‘ 1, wherein said output 
means includes a display. - 

13. An apparatus as in claim 1, wherein said output 
means includes a visual alarm. ' 

14. An apparatus as in claim 1, wherein said output 
means includes an audible alarm. - ' 

15. An apparatus as in claim 1, wherein said stressa 
ble means is subject to strain, and wherein said measur 
ing means includes a strain gauge for measuring the 
strain in said stressable means, said output means in 
cluding display means responsive to said strain gauge 
for displaying the strain in said stressable means. 

16. An apparatus as in claim 1, wherein said weight 
lifting means includes' a boom, said weight-lifting 
means and said stressable means forming a mast, said 
mast having a tension member in said stressable means 
and a compression member in said weight-lifting 
means, said tension member being ?xed relative to said 
pivot, said measuring means including a strain gauge, 
said output means including electrical display means 
coupled to said strain gauge. ' 
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17. An apparatus as in claim 1, wherein said stressa 
ble means is subject to strain, and wherein said measur 
ing means includes a strain gauge for measuring the 
strain in said stressable means, said output means in 
cluding visual alarm means responsive to the strain 
reaching a predetermined value. 

18. An apparatus as in claim 1, wherein said weight 
lifting means includes a boom, said weight lifting means 
forming a portion of a mast, said mast having a tension 
member in said stressable means and a compression 
member in said weight-lifting means, said tension mem 
ber- being ?xed relative to said pivot, said measuring 
means including a strain gauge, said output means in 
cluding visual alarm means electrically, responsive to 
said strain gauge for producing a visual alarm when the 
strain exceeds a predetermined value. 

19. An apparatus as in claim 1, wherein said stressa 
ble 'means is subject to strain, and wherein said measur 
ing means includes a strain gauge for measuring the 
strain in said stressable means, said output means in‘ 
cluding audible alarm means responsive to the strain 
reaching a predetermined value. ' 

20. An apparatus as in claim 1, wherein said weight 
lifting means includes a boom, and said stressable 
means and said weight-lifting means forming a mast, 
said mast having a tension member in said stressable 
means and a compression member in said weight-lifting 
means, said tension member being ?xed relative to said 
pivot, said measuring means including a strain gauge, 
said output means including audible alarm means elec 
trically responsive to said'strain gauge for producing an 
audible alarm when the strain exceeds a predetermined 
value. - 

21. An apparatus as in claim 1, further comprising a 
base, said counterweight means and said stressable 
means and said weight-lifting means forming a super 
‘structure rotatably mounted on said base, rotationally 
sensitive means coupled to said superstructure for re 
sponding to the rotational position of said superstruc 
ture relative to‘ said base and coupled to said output 
means for varying the output of said output means as 
a function of the rotational position of the superstruc~ 
ture. 

22. An apparatus as in claim 21 wherein said coun 
ter-weight means and said stressable means and said 
weight-lifting means forms a superstructure rotatably 
mounted on said base; rotationally sensitive means cou 
pled to said superstructure and relative to said base and 
coupled to said output means for varying the output of 
said output means .as a function of the rotational posi 
tion of thesuperstructure relative to said base. 

' 23. An apparatus as in claim 21 wherein said coun 
ter-weight means and said stressable means and said 
weight-lifting means form a superstructure rotatably 
mounted on said base, rotationally sensitive means cou 
pled to said superstructure for responding to the rota 
tional position of said superstructure relative to said 
base and coupled to said output means for varying the 
predetermined value. 

* * * >t< * 
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