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57 ABSTRACT 

A crane safe load indicator for determining the safe 
load supported by a pivoted boom which can be 
luffed. The indicator functions by comparing a signal 
representative of the total turning moment of the 
boom about its pivot in terms of the angle included 
between the boom and a hydraulic ram which is sup 
porting it, with a reference signal which is representa 
tive of the maximum safe turning moment of the boom 
about its pivot for the boom luff angle and load radius 
currently obtaining. A modification of the indicator 
provides a safe load indication when a fly jib is 
mounted at the end of the boom. In this modification 
account is taken of the change in centre of gravity of 
the boom fly jib and load due to change in boom ex 
tension. 

10 Claims, 7 Drawing Figures 
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safe load which may be supported by the hoist rope 2 
is therefore determined by the strength of the fly jib 21 
and the angle (6 - 3) which it makes with the horizon 
tal. Since 3 is constant the crane may therefore be 
rated in terms of boom luff angle 6. A typical rating 
curve 23 for a crane of the type described with refer 
ence to FIG. 3 is shown in FIG. 4. 
A load indicator arrangement for use when the crane 

is adapted either for operation in the basic mode (FIG. 
1) or for fly jib operation (FIG. 3) will now be de 
scribed with reference to FIG. 5, 

In this arrangement, a reference signal generator 24, 
for example, a 700 Hz square wave oscillator, provides 
a stable signal voltage V. The signal V is supplied to a 
transducer 25 which is connected to the luffing ram 7 
and is adapted to produce an output signal P which is 
a function of the reaction sustained by the ram in sup 
porting the boom (1) and any load suspended from it. 
When the ram 7 is of the single-acting type, the output 
of the transducer 25 is a function of (e.g., proportional 
to) hydraulic fluid pressure below the ram piston 10. 
For a double acting ram, the transducer output is a 
function of (e.g., proportional to) the difference be 
tween the pressures below and above the ram piston 
10, modified by the ratio of the effective areas of the 
lower and upper sides of the piston. 
The signal P is applied via an amplifier 26 to an input 

terminal of a ram angle sensor unit 27, comprising a po 
tentiometer having a resistance track 28. The ends of 
the track 28 are connected to ground via respective re 
sistances 29 and 30, and the signal P is connected to a 
tap point 31 intermediate the ends of the track 28. A 
slider 32 makes contact with the track 28. The potenti 
ometer body is mounted in fixed relation to the boom 
1 and the slider 32 is mechanically coupled to the luff. 
ingram 7 so that it moves over the track 28 when the 
angle dincluded between the boom 1 and the ram 7 
changes with changing extension of the ram. The track 
28 is graded according to the sine law such that the sig 
nal M appearing at the slider 32 is proportional to the 
sin db. The resistors 29 and 30 serve to limit the range 
of values of sin dto that corresponding to the range of 
values of the angle d permitted by the construction of 
the crane. 
Inspection of FIG. 1 will show that the actual total 

turning moment of the boom 1 about the pivot point 6 
is balanced by the reaction of the ram 7 multiplied by 
sin dy. The signal M is therefore a function of this actual 
turning moment. 

In an alternative arrangement of the ram angle sensor 
unit 27, the potentiometer is replaced by a plurality of 
fixed resistors connected in series, the junctions be 
tween successive pairs of resistors being connected to 
successive fixed contacts of a multi-way rotary switch. 
The relative values of the fixed resistors are chosen ac 
cording to the sine law to produce a stepped potenti 
ometer chain corresponding to the potentiometer track 
28. The moving contact of the rotary switch is then 
equivalent to the potentiometer slider 32. 
The output signal M produced by the ram angle sen 

sor unit 27 is connected to a first fixed contact of a 
changover switch 33. The second fixed contact of the 
switch 33 is connected to the output of the amplifier 26 
and the moving contact is connected to an input of a 
summing amplifier 34. The output of the amplifier 34 
is connected to a meter 35 and to an input of an alarm 
unit 36. 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
The signal V produced by generator unit 24 is also 

fed to an input of a boom angle sensor unit 37 compris 
ing a potentiometer 38 having a cosine law and a poten 
tiometer 39 having a linear law, connected in parallel 
between the signal line and ground. The potentiom 
eters 38 and 39 are mounted for movement with the 
boom , and their respective sliding contacts 40 and 41 
are gravity actuated so that there appears at the slider 
40 a signal V1 proportional to the cosine of the angle 
8 which the boom makes with the horizontal (the luff 
angle), and at the slider 41 a signal V2 proportional to 
the angle 6. Conveniently, the boom angle sensor unit 
37 may comprise two inclinometers of the type de 
scribed in our British Pat. No. 965,017. 
The slider 40 is connected to a first fixed contact of 

a changeover switch 42, and the slider 41 is connected 
to an input of a load/angle law generator unit 43, to an 
input of a load/angle law generator unit 44 and to a 
meter 45. The output of the unit 43 is connected to a 
second fixed contact of the changeover switch 42, and 
the moving contact of the switch 42 is connected to an 
input of a boom extension sensor unit 46. Unit 46 com 
prises a potentiometer 47 and a fixed resistor 48. The 
slider 49 of the potentiometer 47 is coupled to the 
boom 1 so as to be driven from the end of potentiom 
eter 47 adjacent resistor 48 to the opposite end as the 
boom extension is varied from minimum to maximum. 
Resistance values of the linear potentiometer 47 and 
the resistor 48 are chosen so that the total series resis 
tance is proportional to the boom length when fully ex 
tended and the resistor 48 is proportional to the boom 
length when fully retracted. It will be appreciated that 
for applications in which the boom length is constant, 
the potentiometer 47 may be replaced by a fixed resis 
tor. - 

The slider 49 is connected to the moving contact of 
a changeover switch 50. A first contact of the switch 50 
is connected to a meter 51 and to an input of a load? 
radius law generator unit 52. A second fixed contact of 
the switch 50 is connected to an input of a summing 
amplifier 53. The output of unit 44 is also connected to 
the input of the amplifier 53. 

Preferably, all of the changeover switches 33,42, 50 
and 54 are ganged together for operation so that the 
moving contacts of all the switches connect with their 
respective first fixed contacts or with their respective 
second fixed contacts. 
The operation of the system is as follows:- 

When the crane is operated in the basic mode (i.e., 
without the fly jib 2), all of the switches 33, 42,50 and 
54 are set as shown in FIG. 5. 
As described hereinbefore, the signal P which is a 

function of the reaction sustained by the luffing ram 7 
in supporting the boom 1 and the load is fed to the ram 
angle sensor unit 27 where it is multiplied by the sine 
of the angle b included between the luffing ram 7 and 
the boom 1 to produce the signal M Oc P sin d, which 
is a function of the actual total turning moment of the 
boom 1 about the pivot 6. The signal M is fed to the 
input of the summing amplifier 34. 
The boom angle sensor unit 37 produces an output 

V1 proportional to cos 0, where 6is the boom luff angle, 
which is fed to the extension sensor unit 46. The output 
unit 46 is a signal R proportional to the boom extension 
multiplied by cos 6, i.e. proportional to the load radius, 
i.e., the horizontal distance 55 (FIG. ) between the 
load and the boom pivot point 6. The signal R is fed to 



7 
the meter 51 which is suitably scaled to indicate the ra 
dius 15 of the load from the slewing centre 14. The zero 
of the meter 51 is offset, either electrically or mechani 
cally, by an amount corresponding to the distance 56 
between the boom pivot point 6 and the slewing centre 
14. The offset may be required to be of either sign, de 
pendent on the design of the crane. In some designs the 
boom pivot is on the opposite side of the slewing centre 
of the load as shown in FIG. i., in other designs it is on 
the same side. 
The signal R is also fed to the input of the load/radius 

law generator unit 52. This unit has a characteristic re 
lated to the crane manufacturer's Load/Radius rating 
curve (16, FIG. 2) such that its output signal is propor 
tional to the a computed turning moment at the boom 
pivot when lifting the maximum safe load at the radius 
corresponding to the input signal R. 

It will be appreciated that a different load/radius law 
generator unit is required for each different type and/or 
capacity of crane, to which differing manufactures'rat 
ings apply. For this reason, unit 52 is preferably ar 
ranged as a self-contained unit provided with means of 
connection to the rest of the equipment of a type, e.g., 
plug and socket connectors or terminal blocks, which 
permit of easy replacement. Similar considerations 
apply to the units 43 and 44. A more detailed descrip 
tion of a typical law generator unit will follow hereinaf 
ter with reference to FIG. 6. 
The output signal from the load/radius law generator 

52 is fed via the changeover switch 54 to the input of 
the summing amplifier 34. 
The signals reaching the input of the summing ampli 

fier 34 are therefore a signal proportional to the actual 
total turning moment at the boom pivot and a reference 
signal proportional to the computed turning moment 
which would be produced by the crane lifting its maxi 
mum safe load at the same radius as the actual load. 
The gains of the various units of the equipment are se 
lected so as to render the constants of proportionality 
the same for the two signals. These two signals also may 
be arranged to have opposite polarities, e.g., by arrang 
ing unit 52 to produce a complement signal. 
When, therefore, the crane is lifting its maximum safe 

load, the net input to the amplifier 34 is zero, produc 
ing zero output, which is indicated at the calibration 
point of the scale of the load meter 35 (the meter zero 
being offset mechanically to this point during manufac 
ture). 
Increase of load above the rated maximum will pro 

duce a net input of one polarity and a corresponding 
output from the amplifier 34 which will drive the meter 
35 to indicate in the overload region of its scale. Lesser 
loads will produce a net input and corresponding out 
put of opposite polarity from the amplifier 34, thereby 
driving the meter 35 into the safe region and thus indi 
cating available lifting capacity. 
The alarm unit 36 is arranged to give an audible and 

for visible alarm signal when the output of the amplifier 
34 is zero or of the one polarity aforesaid, i.e., when the 
actual load equals or exceeds the maximum safe load, 
and may also comprise a trip circuit to immobilise the 
hoist mechanism of the crane under these conditions. 
When the crane is required to perform a fly jib opera 

tion, the changeover switches 33, 42, 50 and 54 are set 
to the position opposite to that shown in FIG. 5. 
The signal P, which is a function of the reaction sus 

tained by the luffing ram 7 in supporting the boom, fly 
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jib and load, is generated in the manner hereinbefore 
described and is fed from the output of the amplifier 26 
via the switch 33 to the input of the summing amplifier 
34. 
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The output signal V2 of the boom angle sensor unit 
37 is displayed by the angle meter 45 and is also fed to 
the input of the load/angle law generator 43. This unit 
has a characteristic which is related to the manufactur 
er's fly Load/Boom angle rating curve for fly jib opera 
tion (23, FIG. 4), such that the output of unit 43 is a 
signal which is of opposite polarity to the signal P and 
is proportional to a computed ram reaction which 
would be required to sustain the boom at maximum ex 
tension with the maximum safe load suspended from 
the fly jib at the boom luff angle represented by the out 
put signal V2. 
The signal from unit 43 is fed via the switch 42 to the 

boom extension sensor unit 46, where it is modified to 
supply at the slider 49 a signal which is also a function 
of boom length, and which is fed via the switch 50 to 
the input of the summing amplifier 53. 
A further signal is fed to the input of the amplifier 53 

for the following reason. The reaction, sustained by the 
luffing ram when a load is supported by the fly jib varies 
not only with boom angle and with boom extension, but 
also as a second-order function of load due to the posi 
tion of the combined centre of gravity of the boom, fly 
jib and the load varying with variation of boom angle. 
The output signal V2 of the boom angle sensor unit 

37 is fed to the load/angle law generator unit 44 which 
has a characteristic related to the rated load/boom 
angle curve 23 and produces an output signal which is 
fed to the summing amplifier 53 and is proportional to 
the change in the ram reaction, for maximum rated 
load, due to the shift in the centre of gravity for change 
in the boom luff angle as represented by the output sig 
nal V2. 
The two signals into the summing amplifier 53 are 

opposite in polarity to the signal P so that the output 
from the summing amplifier 53 is therefore exactly the 
complement of the signal P when the maximum safe jib 
fly load is lifted at any boom angle and extension. This 
output signal is fed via the switch 54 to the input of the 
summing amplifier 34. 
The total signal input to the amplifier 34 when the 

system is adapted to a crane performing fly jib opera 
tion therefore varies in a manner similar to that de 
scribed hereinbefore in relation to the system adapted 
to a crane performing the basic mode of operation. 
Without the further signal from the unit 44, the maxi 

mum safe fly jib load would not be so accurately com 
puted because, at a given boom length, the ram reac 
tion required to sustain the boom, fly jib and any load 
supported by it would be a miminum at maximum 
boom angle, but as the boom angle is decreased the re 
action would not increase in direct proportion due to 
the change in the position of the combined centre of 
gravity. In fact, the reaction would be somewhat 
greater than a direct proportional increase. The actual 
reaction signal P includes this factor but the signal 
computed from the law generator unit 43 and modified 
by the extension sensor unit 46 does not and is some 
what less than it should be by a factor related to the 
change in the combined centre of gravity for a change 
in boom angle. This could give rise to a condition in 
which the output from the summing amplifier 53 is less 
than the signal P to produce a difference signal signify 
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ing safe fly-jib loading when, in fact, the signal P is re 
lated to a fly-jib loading which is greater than the per 
mitted maximum. 
The law generator units 43, 44 and 52 are each spe 

cific to a particular type of crane. They are, however, 
similar in that each is required to accept an input signal 
variable over a range of values and to provide an output 
signal related to the input signal according to a known 
law. In any given instance the law may not be a simple 
mathematical relationship, but will be expressed graph 
ically in the form of a curve relating values of input and 
output signals. The curve may be complex and include 
sudden changes or even reversals of slope. 
The circuit arrangement shown in FIG. 6a is a typical 

example of a law generator and illustrates the genera 
tion of an output signal which is a complex function of 
an input variable. 
An operational amplifier 55 has a feedback resistor 

56 and input paths 57-61 inclusive, of which the paths 
57-60 inclusive are connected to an input signal Vin, 
assumed in this instance to vary over the range OV to 
+5 V. The input 61 is connected to a reference voltage 
source (-5V) via a present potentiometer. 
Input path 57 comprises a resistor 62, so that the cur 

rent flowing through 62 to the input of the amplifier 
55 (which input is a virtual ground) varies linearly with 
the input signal Vin as shown by the graph 63 in FIG. 
66b. 
Input path 58 comprises series resistors 64 and 65 

with a switching circuit comprising the transistors 66 
and 67 connected to their common point. The current 
is flowing through the path 58 to the input of amplifier 
55 increases linearly with an increase of the input signal 
Vin until the potential at the emitter of transistor 66 
causes the latter to conduct. Further increase of Vin 
thereafter increases the current through transistor 66. 
The point at which the transistor 66 first conducts is de 
termined by the setting of the potentiometer 68 con 
nected across a reference voltage supply. 
The current I, therefore increases linearly with an in 

crease of the input signal Vin up to a point determined 
by the setting of the potentiometer 68 and is thereafter 
constant, as shown by the curve 69 in FIG. 6b. . 
The input path 59 comprises two series resistors and 

a transistor switching circuit similar to those of the path 
58 and also an inverting amplifier 70. It therefore 
supplies a current la which increases linearly up to a 
value determined by the potentiometer 71 and is there 
after constant, but is of the opposite polarity to the cur 
rents I and is as shown by curve 72. 
The path 60 comprises a series resistor and a series 

switching circuit. No current flows in path 60 until the 
input voltage reaches a value, determined by the setting 
of the potentiometer 73, at which the switching circuit 
commences to conduct. Thereafter the current lin 
creases linearly with an increase of Vin, as shown by 
curve 74. 
The path 61 comprises a series resistor connected to 

a source of constant voltage determined by the setting 
of the potentiometer 75. The current is in path 61 is 
therefore constant, as shown by curve 76. 
The total input current Tot at the input of the ampli 

fier 55 is the algebraic sun of the currents 11 to Is inclu 
sive, Ito varies with the input signal as shown by the 
curve 77. 
The output voltage Vott of amplifier 55 is always 

such as to provide a current through the feedback resis 
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10 
tor 56 equal and opposite to the input current Itor. The 
current voltage Vott therefore changes with change of 
input voltage Vin according to the curve 77, but with 
opposite sign. 

It is apparent that any required law can be approxi 
mated with a desired degree of accuracy by a suitable 
combination of input paths to an operational amplifier. 
What we claim is: 
1. A safe load indicator system for use with a crane 

or other lifting apparatus having a pivotally mounted 
boom and extensible boom supporting means compris 
ing, means for producing a first signal representative of 
the acutal total turning moment of the boom about its 
pivot by determining the angle included between the 
extensible boom supporting means and the boom and 
the reaction sustained by the extensible boom support 
ing means in supporting the boom and a load sus 
pended therefrom, means for deriving a second signal 
determined by the boom luff angle and the length of the 
boom and which is indicative of the current load radius, 
means responsive to said second signal for producing a 
reference signal representative of a maximum safe 
turning moment of the boom about its pivot and corre 
sponding to the current load radius, and means respon 
sive to the first and the reference signals for providing 
an indication of the available lifting capacity. 
2. A safe load indicator system for use with a crane 

or lifting apparatus having a pivotally mounted extensi 
ble boom and extensible boom supporting means com 
prising, transducer means for producing a first signal 
which is a function of the reaction by the extensible 
boom supporting means in supporting the boom and 
any load suspended therefrom, angle sensing means for 
modifying said first signal in accordance with the sine 
of the angle included between the extensible boom sup 
porting means and the boom to produce a first resultant 
signal which is representative of the actual total turning 
moment of the boom about its pivot boom angle sens 
ing means for producing a second signal which is pro 
portional to the cosine of the boom luff angle, boom 
length sensing means for modifying said second signal 
in accordance with the boom length to produce a sec 
ond resultant signal which is representative of load ra 
dius, load/radius law generator means adapted for op 
eration in accordance with the load/radius rating of the 
crane and responsive to said second resultant signal to 
produce a reference signal which is representative of 
the turning moment of the boom about its pivot for lift 
ing a maximum safe load at the load radius represented 
by said second resultant signal, and means responsive 
to said first resultant signal and said reference signal to 
produce an output in accordance with any difference 
therebetween and thus between actual total turning 
moment and maximum safe turning moment. 

3. A safe load indicator system for use with a crane 
or other lifting apparatus having a pivotally supported 
boom, a fly jib and extensible boom supporting means 
comprising, means for producing a signal representa 
tive of the actual reaction sustained by the boom exten 
sible boom supporting means in supporting the boom, 
fly jib and any load suspended therefrom at the current 
boom luff angle, means for producing a reference sig 
nal representative of the computed boom supporting 
means reaction which would be required to sustain the 
extensible boom supporting means at the boom luff 
angle currently obtaining with the maximum safe load 
suspended from the fly jib for said luff angle and means 
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responsive to said signals for providing an indication o 
the available lifting capacity, 
4. A safe load indicator system as claimed in claim 3, 

wherein the boom is telescopic to vary its length, and 
further comprising means for modifying said reference 
signal in accordance with the boom extension. 

5. A safe load indicator system as claimed in claim 4, 
further comprising means for further modifying said 
reference signal as a function of the shift of the com 
bined centre of gravity of the boom fly jib and load due 
to a change in the boom angle. 

6. A safe load indicator for use with a crane having 
a pivotally supported extensible boom, a fly jib and ex 
tensible boom supporting means comprising, trans 
ducer means for producing a first signal which is a func 
tion of the actual reaction force sustained by the exten 
sible boom supporting means in supporting the boom, 
fly jib and any load suspended therefrom, boom angle 
sensing means for producing a second signal which is 
proportional to the boom luff angle, first load/angle law 
generator means adapted for operation in accordance 
with the fly load/boom angle rating of the crane and re 
sponsive to said second signal to produce a first refer 
ence signal which is representative of the extensible 
boom supporting means reaction which would be re 
quired to sustain the boom at maximum extension with 
the maximum safe fly jib load at the boom luff angle 
represented by said second signal, boom length sensing 
means for modifying said first reference signal in accor 
dance with the boom length, second load/angle law 
generator means also adapted for operation in accor 
dance with the fly load/boom angle rating of the crane 
and responsive to said second signal to rpoduce a sec 
ond reference signal which is representative of a 
change in the centre of gravity of the boom, fly jib and 
load for a change in boom angle, means, for producing 
a resultant reference signal in response to the modified 
first reference signal and the second reference signal, 
and means responsive to said first signal and said resul 
tant reference signal to produce an output in accor 
dance with any difference therebetween and thus be 
tween the actual reaction of the extensible boom sup 
porting means due to a fly jib load and the maximum 
safe computed reaction due to said fly jib load. 

7. A safe load control system for a crane having an 

10 

15 

20 

25 

30 

35 

40 

45 
extensible boom pivotally mounted on a support struc 
ture and extensible boom supporting means for adjust 

50 

55 

60 

65 

12 
ing the boom luff angle comprising, means for produc 
ing a first signal which is proportional to the reaction 
of the extensible boom supporting means, means for 
modifying said first signal as a function of the sine of 
the angle formed between the boom and the extensible 
boom supporting means to produce a first resultant sig 
nal, means for producing a second signal which is a 
function of the cosine of the boom luff angle, means for 
mofifying said second signal as a function of the boom 
length to produce a second resultant signal indicative 
of the actual load radius, means responsive to said sec 
ond resultant signal for computing a reference signal 
representative of the maximum safe turning moment of 
the boom about its pivot and corresponding to the load 
radius indicated by said second resultant signal, and 
means responsive to said first resultant signal and said 
reference signal for indicating the available lifting ca 
pacity of the crane at the current load condition. 

8. A control system as claimed in claim 7 wherein 
said first signal modifying means comprises a potenti 
ometer having a sine law resistance variation and a 
slider adapted to be coupled to the extensible boom 
supporting means to move proportional to the exten 
sion of said extensible boom supporting means. 

9. A control system as claimed in claim 8 wherein 
said second signal producing means comprises a second 
potentiometer having a cosine law resistance variation 
and a slider adapted to be coupled for movement with 
the boom and proportional to the boom luff angle and 
said second signal modifying means comprises a third 
potentiometer having a linear resistance variation and 
a slider adapted to be coupled to the boom for move 
ment proportional to the boom extension. 

10. A control system as claimed in claim 7 further 
comprising a first switch for selectively connecting said 
first signal or the first resultant signal to an input of said 
indicating means, means for producing a third signal 
which is a function of the boom luff angle, means re 
sponsive to said third signal for producing a second ref. 
erence signal indicative of the computed maximum safe 
boom supporting means reaction at the current boom 
luff angle and which is in accord with the load/boom 
angle rating of the crane, and a second switch operated 
in synchronism with the first switch for selectively con 
necting said first and second reference signals to an 
input of said indicating means. 
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