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(57) ABSTRACT 
A process for monitoring load conditions on a lifting 
machine having a rated load moment includes determining 
an actual load moment of the lifting machine due a Weighted 
load. The actual load moment may be determined by mea 
suring a tilt pressure Within a hydraulic tilt cylinder of the 
lifting machine, and then calculating the actual load moment 
from the tilt pressure Within the hydraulic tilt cylinder. The 
location of a center of gravity of the Weighted load is also 
determined by measuring a lift pressure Within a hydraulic 
lift cylinder of the lifting machine, and then calculating the 
Weight of the Weighted load from the lift pressure. Once the 
Weight is determined, the location of the center of gravity of 
the Weighted load may be found using the actual load 
moment and the calculated Weight. Information about the 
Weight and the location of the center of gravity of the 
Weighted load may be also provided to a user as Well as 
Warnings if the operating parameters of the lifting machine 
are in danger of being exceeded or actually exceeded. If a 
load pressure switch of the lifting machine is activated, at 
the very least, the lifting function of the machine Will be 
disabled. 
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HYDRAULIC STABILIZER SYSTEM AND 
PROCESS FOR MONITORING LOAD 

CONDITIONS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a lifting device. 
More particularly, the present invention relates to a lifting 
device capable of calculating the center of gravity of a load 
and determining if the center of gravity exceeds safety 
parameters. 

[0002] In fork lifts, the tipping moment is critical to 
machine safety. In fork-lift trucks, the center of gravity of 
the lifted load is naturally outside the Wheel contact surface. 
The amount of counterWeight is siZed based on factors such 
as Wheel base, lifting capacity, and distance from the center 
of the front aXle to the center of the load. 

[0003] In some applications, the operator has a limited 
knoWledge of either the Weight of the lifted load, the center 
of gravity of the load, or both. If an operator lifts a load that 
has a Weight Within the lifting capacity of the machine, but 
the center of gravity is too far out front, the machine risks 
tipping forWard. If the center of gravity of the load is Within 
the machine rating, but the Weight lifted is too great, the 
machine risks tipping forWard. The product of the load 
Weight times the distance to the load center is knoWn as the 
load moment. The operator needs to knoW if the load 
moment is Within the safe limits of the machine. 

[0004] In other lifting systems, such as cranes, there are 
many techniques used to provide an operator information on 
the safe lifting of various loads. In most fork lift applica 
tions, if the load Weight varies or is not knoWn, a scale is 
added to the machine such that the load Weight can be 
measured and displayed. The shape of the load is typically 
of a sort that an operator can easily measure or evaluate the 
load center of gravity location. Thus, in most fork lift 
applications, the operator can determine the safety of lifting 
various loads. 

[0005] Prior attempts have been made to address the issue 
of tilt and center of gravity. For eXample, Rickers et al., US. 
Pat. No. 6,385,518, discloses an industrial truck, such as a 
fork-lift, that detects a tilt of the industrial truck based on 
Wheel load. Wheel load sensors are used to detect a load 
moment of the fork-lift and then signal an alarm if tilt is 
detected. HoWever, the condition of the Wheels themselves 
may affect the ability of the Wheel load sensors to properly 
detect load moment. In another eXample, Goto, US. Pat. No. 
6,425,728, discloses a tilt speed control system that controls 
the tilt speed of a fork-lift mast, based on the Weight of a load 
and lift height of the load as the load is being lifted. 
HoWever, this system fails to assist the user in determining 
if the load is causing the lift to eXceed safety limits. In a 
further eXample, Bruns, US. Pat. No. 5,666,295, discloses 
dynamic Weighing of loads in hydraulically operated lifts. 
HoWever, Bruns only discloses determining the Weight of a 
load and fails to assist the user in determining if the load is 
causing the lift to eXceed safety limits. 

[0006] In a feW applications, even if the operator kneW the 
Weight of the load, there still might be considerable dif?culty 
in determining the location of the center of gravity. An 
eXample is that of lifting boats. Engine location, amount and 
location of ballast, amount of ?uid in the Water and fuel 
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tanks, all can be extremely dif?cult for the operator to 
determine or evaluate. There is a need to knoW What the load 
moment is as the forks engage the boat hull. 

[0007] While methods such as those described above may 
provide a means for tilt caused by a load on a lift, such 
methods can alWays be improved. 

[0008] Accordingly, there is a need for a means to measure 
both load Weight and load moment as the load is engaged on 
the lifting machine. Further, there is a need to provide 
information to the operator about the Weight and location of 
the center of gravity, provide a Warning if the load is near the 
rated capacity of the machine, and disable the lifting capa 
bility if there is a danger of tipping. The present invention 
ful?lls these needs and provides other related advantages. 

SUMMARY OF THE INVENTION 

[0009] The present invention resides in a process and 
system for a lifting determining an actual load moment, 
Weight, and location of the center of gravity of a Weighted 
load on a lifting machine and determining if the safety 
parameters of the machine are eXceeded. 

[0010] The invention provides a means to measure both 
load Weight and load moment as the load is engaged on the 
lifting machine, provide information to the operator about 
the Weight and location of the center of gravity, provide a 
Warning if the load is near the rated capacity of the machine, 
and disable the lifting capability if there is a danger of 
tipping. 

[0011] In accordance With a preferred embodiment of the 
present invention, a process for monitoring load conditions 
on a lifting machine having a rated load moment includes 
determining an actual load moment of the lifting machine 
due a Weighted load. The actual load moment may be 
determined by measuring a tilt pressure Within a hydraulic 
tilt cylinder of the lifting machine, and then calculating the 
actual load moment from the tilt pressure Within the hydrau 
lic tilt cylinder. 

[0012] The process also includes determining a location of 
a center of gravity of the Weighted load. This is determined 
by measuring a lift pressure Within a hydraulic lift cylinder 
of the lifting machine, and then calculating the Weight of the 
Weighted load from the lift pressure. Once the Weight is 
determined, the location of the center of gravity of the 
Weighted load may be found using the actual load moment 
and the calculated Weight. 

[0013] Information about the Weight and the location of 
the center of gravity of the Weighted load may be also 
provided to a user. Warnings may be provided to the user if 
the Weighted load is near the rated load moment of the lifting 
machine. A ?rst Warning may be activated if the actual load 
moment is beloW a ?rst predetermined load moment. Second 
and third Warnings may be activated, respectively if the 
actual load moment is above the ?rst predetermined load 
moment and beloW a second predetermined load moment, or 
if the actual load moment is above the second predetermined 
load moment. 

[0014] The ?rst, second, and third Warnings may be in the 
form of colored lights. The ?rst and second predetermined 
load moments may be, respectively, betWeen 80% to 100% 
of the rated load moment and 100% to 120% of the rated 
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load moment. Additionally, an audio alarm may be engaged, 
respectively, if the actual load moment is above the ?rst 
predetermined load moment and beloW the second prede 
termined load moment or if the actual load moment is above 
the second predetermined load moment. 

[0015] If a load pressure sWitch of the lifting machine is 
activated, the hydraulic lift Will be disabled. 

[0016] Further in accordance With the present invention, a 
hydraulic stabiliZer system may be con?gured as a hydraulic 
lift having a rated load moment. The system includes a 
means for measuring pressure Within the hydraulic lift and 
a processor for determining an actual load moment of the 
hydraulic lift and for determining a Weight of a load on the 
hydraulic lift based on pressure Within the hydraulic lift. 

[0017] The system also includes an illuminated display for 
Warning an operator of the hydraulic lift if at least one 
predetermined operating parameter is exceeded; and a load 
pressure sWitch for disabling the hydraulic lift if another 
predetermined operating parameter is exceeded. 

[0018] The hydraulic lift includes a frame, at least one 
load bearing member operationally connected to the frame 
for movement relative thereto. The lift also includes a 
holloW lift cylinder housing a lift piston and hydraulic ?uid 
and a holloW tilt cylinder housing a tilt piston and hydraulic 
?uid. Each cylinder piston is operationally connected to the 
load bearing member, With the hydraulic ?uid disposed 
betWeen the piston and one end of the frame. The lift piston 
imparts a lift force upon the hydraulic ?uid Within the lift 
cylinder proportional to a Weight associated With the load 
bearing member and the tilt piston imparts a tilt force upon 
the ?uid proportional to a load moment associated With the 
load bearing member. 

[0019] The means for measuring pressure Within the 
hydraulic lift may be a number of pressure sensors With at 
least one pressure sensor in ?uid communication With the 
hydraulic ?uid Within the lift cylinder and at least one 
pressure sensor in ?uid communication With the hydraulic 
?uid Within the tilt cylinder. The lift pressure sensor mea 
sures pressure of the hydraulic ?uid Within the lift cylinder 
for a period of time and creates electrical signals corre 
sponding thereto, de?ning at least one pressure measure 
ment Within the lift cylinder, With the pressure Within the lift 
cylinder being related to the lift force associated With the 
load bearing member. The tilt pressure sensor measures 
pressure of the hydraulic ?uid Within the tilt cylinder for a 
period of time and creates electrical signals corresponding 
thereto, de?ning at least one pressure measurement Within 
the tilt cylinder, With the pressure being related to the tilt 
force associated With the load bearing member. 

[0020] The processor includes a ?rst sub-routine of a 
program stored in a memory to be operated on by the 
processor, determining, from a plurality of pressure mea 
surements Within the lift cylinder, the Weight of the load on 
the hydraulic lift. The processor also includes a second 
sub-routine of the program stored in the memory to be 
operated on by the processor, determining, from another 
plurality of pressure measurements Within the tilt cylinder, 
an actual load moment of the load on the hydraulic lift. The 
processor may then use another sub-routine of the program 
that uses the actual load moment and the Weight of the load 
to determine a location of a center of gravity of the load on 
the hydraulic lift. 
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[0021] The illuminated display is in data communication 
With the processor and produces a visual representation of 
the Weight on the hydraulic lift. The illuminated display 
activates a ?rst Warning if the actual load moment is beloW 
a ?rst predetermined load moment, activates a second Warn 
ing if the actual load moment is above the ?rst predeter 
mined load moment and beloW a second predetermined load 
moment, and activates a third Warning if the actual load 
moment is above the second predetermined load moment. 

[0022] As stated above, the ?rst predetermined load 
moment may be 80% to 100% of the rated load moment, and 
the second predetermined load moment may be 100% to 
120% of the rated load moment. Also, the ?rst, second, and 
third Warnings may be colored lights. Again, the illuminated 
display may engage a ?rst audio alarm if the actual load 
moment is above a ?rst predetermined load moment and 
beloW a second predetermined load moment, and/or engage 
a second audio alarm if the actual load moment is above the 
second predetermined load moment. 

[0023] Other features and advantages of the invention Will 
become more apparent from the folloWing detailed descrip 
tion, taken in conjunction With the accompanying draWings 
Which illustrate, by Way of eXample, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The accompanying draWings illustrate the inven 
tion. In such drawings: 

[0025] FIG. 1 is an orthogonal vieW of a hi-lift marina bull 
in accordance With an embodiment of the present invention; 

[0026] FIG. 2. is a simpli?ed schematic vieW of a hydrau 
lic system of hi-lift marina bull of FIG. 1; 

[0027] FIG. 3. is a simpli?ed schematic vieW of the 
electrical/hydraulic system of the hi-lift marina bull of FIG. 
1; 
[0028] FIG. 4. is a ?oWchart illustrating a process for 
determining the actual load moment, actual load Weight, and 
load center of gravity of a load lifted by the marina bull of 
FIG. 1; and 

[0029] FIG. 5. is a ?oWchart illustrating an alternative 
process for determining the load moment of a load lifted by 
the marina bull of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] The present invention is useful in a variety of 
applications involving lifting machines, in particular, fork 
lifts that lift loads, such as Watercraft. It provides a means to 
measure operating conditions of the lifting machine, such as 
both the Weight and longitudinal load moment of a load as 
the load is engaged on the lifting machine. When combined 
With the geometry of the lifting machine, the load moment 
and load Weight are used to calculate the load center of 
gravity location. Continuous information may also be pro 
vided to a user operating the lifting machine; information 
relating to the Weight and location of the center of gravity 
during the lifting, transporting, and loWering of the load. The 
present invention also provides a Warning if the load is near 
a rated capacity of the lifting machine, and disables the 
lifting capability of the lifting machine if there is a danger 
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of the lifting machine tipping. The lifting machine has a 
rated load moment determined by adding the rated load 
center (i.e., distance from the face of the forks to the center 
of the rated load) to the lost load (i.e., distance from the face 
of the lifting machine to the center of a front drive axle of 
the lifting machine). The result is then multiplied by the load 
Weight to reach the rated load moment. 

[0031] A process and system are designed for continu 
ously monitoring the operating conditions of the lifting 
machine by monitoring pressure in the tilt and lift cylinders 
of the lifting machine. This tilt pressure is proportional to the 
tilt moment of the fork lift. Use of this tilt pressure combined 
With lift hydraulic pressure through a mathematical algo 
rithm, executed by an on-board processor, yields values for 
both load Weight and load center of gravity. This provides 
for a system With continuous, real-time monitoring of an 
operator’s usage of the machine and provides Warnings and 
function disabling in order to improve safety. 

[0032] In accordance With the invention, a hydraulic sta 
biliZer system may be con?gured on a number of different 
hydraulic lifting machines, such as a fork-lift, marina bull, 
yard bull, etc. HoWever, for the purposes of discussion, as 
illustrated in FIGS. 1-3, the present invention Will be 
described With reference to a high-lift marina bull 10 having 
a rated load moment. The marina bull 10 has a main body or 
frame 12 supported by a plurality of Wheels 14. The main 
body 12 further includes a operator seat 16 having a control 
console 18 to control the operation of the marina bull 10. 
Attached to the main body 12 is a vertically extending mast 
20. A load bearing member, in the form of a carriage 22, is 
movably attached to the mast 20 and includes a plurality of 
forks 24, extending perpendicular from the mast 20 aWay 
from the main body 12. Lift-chains 26 are attached to the 
carriage 22 and extend over sprockets 28 Which are posi 
tioned proximate to one end of the mast 20, opposite to the 
plurality of Wheels 14. At least one holloW lift cylinder 30 
housing a lift piston 32 and hydraulic ?uid 34 is attached to 
the mast 20, With one end of the lift-chains 26 being attached 
to the cylinder 30. The piston 32 is connected to the 
sprockets 28 by a rod and movement of the cylinder 30 
causes the carriage 22 to move along the mast 20. One or 
more holloW tilt cylinders 36, preferably tWo tilt-cylinders, 
are also attached to the main body 12. Each tilt cylinder 36 
houses a tilt piston 38 and hydraulic ?uid 34, With one end 
of each tilt cylinder 36 attached to the mast 20 (by the rod 
connected to the tilt piston 38) and the other end of the tilt 
cylinder 36 is connected to the frame 12. Movement of the 
tilt cylinders 36 causes the mast 20 to tilt so as to prevent 
tipping of the high-lift marina bull 10. 

[0033] Hydraulic ?uid 34 in the lift cylinder 30 is disposed 
betWeen the lift piston 32 and one end of the cylinder 30 
having an aperture 40, With the piston 32 imparting a force 
upon the hydraulic ?uid 34 proportional to a Weight asso 
ciated With the load bearing member (i.e., carriage 22, forks 
24, and load). Hydraulic ?uid 34 in each tilt cylinder 36 is 
disposed betWeen the piston 38 and one end of the cylinder 
36 having an aperture 42, With the piston 38 imparting a 
force upon the hydraulic ?uid 34 proportional to a load 
moment associated With the load bearing member (i.e., 
carriage 22, forks 24, and load). 

[0034] A conventional hydraulic control system 44 is 
connected to the control console 18. The hydraulic control 
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system 44 is in ?uid communication With each cylinder 30, 
36, and regulates the ingress and egress of the hydraulic ?uid 
34 through the respective apertures 40, 42 of each cylinder 
30, 36. A means for measuring pressure 46 is located 
betWeen the control system 44 and each cylinder 30, 36. The 
control system 44 includes a directional control valve 48 that 
routes hydraulic ?uid 34 into the top or bottom of a given 
hydraulic cylinder (i.e., above or beloW the piston) 30, 36 in 
order to cause the cylinder 30, 36 to expand or contract by 
moving the piston Within each cylinder 32, 38. 

[0035] In order to measure the pressure of the hydraulic 
?uid 34 in the cylinders 30, 36, the means for measuring 
pressure 46, such as a pressure sensor Which may be in the 
form of a pressure transducer, is placed in ?uid communi 
cation With hydraulic ?uid 34 Within each cylinder 30, 36. 
The pressure sensor converts pressure readings into electri 
cal signals. A control unit 50 is in electrical communication 
With the means for measuring pressure and receives the 
electrical signals from the pressure sensors to determine, 
from the pressure of the ?uid 34 Within the lift cylinder 30, 
the Weight of a load on the forks 24, and from the pressure 
of the ?uid 34 Within the tilt cylinder 36, the load moment 
of the load on the forks. 

[0036] The pressure sensor 46 connected to the lift cylin 
der 30 continuously measures the pressure of the hydraulic 
?uid 34 Within the lift cylinder 30 and creates electrical 
signals corresponding thereto, de?ning at least one pressure 
measurement Within the lift cylinder 30. The pressure Within 
the lift cylinder 30 is related to the lift force associated With 
the load bearing member (i.e., the force required to lift the 
carriage 22, forks 24, and load on the load bearing member). 
The pressure sensor 46 connected to the tilt cylinder 36 
continuously measures the pressure of the hydraulic ?uid 34 
Within the tilt cylinder 36 and creates electrical signals 
corresponding thereto, de?ning a at least one pressure mea 
surement Within the tilt cylinder 36. The pressure Within the 
tilt cylinder 36 is related to the tilt force associated With the 
load bearing member (i.e., the force required to tilt the 
carriage 22, forks 24, and load on the load bearing member). 

[0037] The pressure sensors 46 are connected to counter 
balance valves 52 Which acts as check valves to hold the 
cylinders 30, 36 in position When the operator is not direct 
ing the expansion or contraction of the cylinders 30, 36. The 
counter-balance valves 52 are located betWeen, and in ?uid 
communication With, their respective cylinders 30, 36 and 
the directional control valve 48. The directional control 
valve 48 is in ?uid communication With a hydraulic ?uid 
tank 54. When activated, a pump 56 moves the hydraulic 
?uid 34 from the tank 54 to the directional control valve 48 
Which then directs the hydraulic ?uid 34 to, for example, 
beloW the lift piston 32 of the lift cylinder 30 if a user desires 
to raise a load. When a user desires to loWer a load, the 
directional control valve 48 directs hydraulic ?uid 34 into 
the lift cylinder 30 above the lift piston 32 in order to loWer 
the load. 

[0038] The control unit 50 is electrically connected to a 
load pressure sWitch 58, in the form of a solenoid valve. The 
load pressure sWitch 58 is activated by electrical signals 
from the control unit 50 and disables the lift function by 
closing a valve that either diverts hydraulic ?uid 34 back to 
the tank 54, or otherWise prevents the hydraulic ?uid 34 
from reaching the lift cylinder 30. When there is an overload 
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condition that could cause the lifting machine 10 to tip over 
(e.g., Weight of the load exceeds the capacity of the lifting 
machine; the actual load moment exceeds the rated load 
moment, etc.), the control unit 50 sends an electrical impulse 
to the pressure sWitch 58, opening the valve thereby dis 
abling the lifting function of the lifting machine 10 by 
diverting the hydraulic ?uid 34 from the directional control 
unit 48 to the tank 54. 

[0039] The control unit 50 is also electrically connected to 
an illuminated display 60 and audio alarm 62 on or near the 
control console 18. The control unit 50 includes a digital 
computer that has a processor and a memory. In the alter 
native, an analog computer may be used. A computer 
program stored Within the memory includes a 
mathematical“algorithm, executed by the processor Which 
yields load Weight, load moment, and load center of gravity 
When the processor receives electrical signals corresponding 
to pressure measurements Within the hydraulic lift and tilt 
cylinders 30, 36 from the means for measuring pressure 46. 

[0040] A softWare program is stored in a memory to be 
operated on by the processor Within the control unit 50. This 
program includes a ?rst sub-routine for determining, from at 
least one pressure measurement Within the lift cylinder 30, 
the Weight of the load on the lifting machine 10. In the 
alternative, a plurality of lift cylinder pressure measure 
ments may be taken, preferably ten pressure measurements. 
The program also includes a second sub-routine for deter 
mining, from at least one pressure measurement Within the 
tilt cylinder 36, an actual load moment of the load on the 
lifting machine 10. In the alternative, a plurality of tilt 
cylinder pressure measurements may be taken, preferably 
ten pressure measurements. Yet another sub-routine Within 
the program may then use the actual load moment and the 
Weight of the load to determine a location of a center of 
gravity of the load on the lifting machine 10. 

[0041] The illuminated display 60 Warns an operator of the 
lifting machine 10 if a predetermined operating parameter of 
the lifting machine 10 is being exceeded. The illuminated 
display 60 is in data communication With the processor and 
produces a visual representation of the Weight, actual load 
moment, and center of gravity. The visual representation 
may be produced by a Liquid Crystal Display (LCD) moni 
tor, Cathode Ray Tube (CRT) monitor, dials, gauges, etc. If 
operating parameters are exceeded, Warnings may be pro 
vided in the form of colored lights and/or audible alarms. 
For example, When the pressure on the rod side of the tilt 
cylinder(s) 36 is beloW a set pressure, the actual load 
moment is beloW a speci?ed rated load moment (e.g., 90% 
of the rated load moment), a ?rst Warning, in the form of a 
green light 64 located on the display 60 Will be illuminated. 
If the actual load moment is above the speci?ed rated load 
moment and beloW a speci?ed overload rated load moment 
(e.g., 110% of the rated load moment), a second Warning, in 
the form of a yelloW light 66 and a loW frequency alarm 68 
Will be activated (the green light is not illuminated). If the 
actual load moment is above the speci?ed overload rated 
load moment, a third Warning, in the form of a red light 70 
Will be illuminated (green and yelloW lights 64, 66 are not 
illuminated) and a high frequency alarm 72 Will be activated, 
in addition to the lift function being disabled. Additionally, 
if a load pressure sWitch 58 is activated, the lift function is 
disabled, and lights 64, 66 are off While light 70 remains on. 
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[0042] The predetermined operating parameters may vary, 
depending on individual application and operating environ 
ment. The operator may change settings on the control 
console 18 for the proper application and operating envi 
ronment. As stated above, the ?rst predetermined load 
moment may be 90% of the rated load moment although the 
?rst predetermined load moment may be anyWhere in the 
range of 80% to 90% of the rated load moment. Likewise, 
the second predetermined load moment may be 110% of the 
rated load moment although the second predetermined load 
moment may be anyWhere in the range of 100% to 120% of 
the rated load moment. Also, the ?rst, second, and third 
Warnings may be colored lights. Again, the illuminated 
display may engage a ?rst audio alarm if the actual load 
moment is above a ?rst predetermined load moment and 
beloW a second predetermined load moment, and/or engage 
a second audio alarm if the actual load moment is above the 
second predetermined load moment. The ?rst predetermined 
load moment may be in the range of 80% to 100% of the 
rated load moment, and the second predetermined load 
moment may be in the range of 100% to 120% of the rated 
load moment. 

[0043] As stated above, the display 60 may produce a 
visual representation of the Weight, actual load moment, and 
center of gravity. The illuminated display 60 may also 
include a visual representation of a graduated scale that 
illuminates and displays the actual load moment. This gradu 
ated scale may include indicia that runs from 0% to 150% of 
the rated load moment. The scale may included colored 
Zones. For example, an actual load moment that is less than 
50% of the rated load moment may be in a blue Zone, an 
actual load moment that is more than 50% of the rated load 
moment but less than a ?rst predetermined load moment 
may be in a green Zone; an actual load moment that is in the 
betWeen the ?rst predetermined load moment and a second 
predetermined load moment may be in a yelloW Zone, and an 
actual load moment that is above the second predetermined 
load moment may be in a red Zone. As stated above, the ?rst 
predetermined load moment may be in the range of 80% to 
100% of the rated load moment, and the second predeter 
mined load moment may be in the range of 100% to 120% 
of the rated load moment. 

[0044] In the alternative, pressure sensors 46 may be in the 
form of pressure sWitches that may be placed in direct ?uid 
communication With hydraulic ?uid 34 Within each cylinder 
30, 36. The pressure sWitches sense pressure and create 
electrical signals that may be sent to one or more of the lights 
64, 66, 70. These pressure sWitches are connected directly to 
a Warning system that includes audio and visual alarms. For 
example, the pressure sWitch may be pre-set to be tripped if 
the pressure Within the tilt cylinder 36 reaches a ?rst 
predetermined load moment that is in the range of 80% to 
100% of the rated load moment, and the second predeter 
mined load moment is in the range of 100% to 120% of the 
rated load moment. In another example, the pressure valve 
connected to the lift cylinder may be pre-set to be tripped if 
the pressure Within the lift cylinder 36 is at least, near or 
about the lifting capacity of the lifting machine. 

[0045] In use, one particular embodiment of a process 74 
for monitoring load conditions on a lifting machine having 
a rated load moment is illustrated in FIG. 4. The process 74 
determines an actual load moment of the lifting machine 10 
due the Weight of the load by a computer program using 
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input signals from pressure sensors 46. The actual load 
moment may be determined by measuring tilt pressure 
Within the hydraulic tilt cylinder 36 of the lifting machine 
10, and then calculating the actual load moment from the tilt 
pressure. 

[0046] The process begins With an initialiZation period, 76 
during Which the lifting machine is activated and the control 
unit 50 begins a start-up process that activates the program 
stored in memory. Electrical signals from the pressure 
sensors 46 arrive at the processor, When then converts the 
signals into numerical values Which the processor uses as 
input values for the program. 

[0047] After initialiZation, the processor implements a ?rst 
subroutine 78 of the program to calculate the actual load 
moment of the lifting machine 10 using a plurality of 
pressure measurements (e.g., ten pressure measurements) 
sent to the processor from the pressure sensors 46 connected 
to the tilt cylinder 36. The program then calculates the 
average value of the ten tilt pressure measurements and, 
temporarily, stores the value. 

[0048] The processor then implements a second subrou 
tine 80 of the program to calculate the actual Weight of the 
load using ten lift pressure measurements sent to the pro 
cessor from the pressure sensors 46 connected to the lift 
cylinder 30. The program then calculates the average value 
of the ten pressure measurements and, temporarily, stores 
the value. 

[0049] The program then takes the stored values of the 
average tilt and lift pressures and converts 82 them, respec 
tively, to load moment and load Weight. The center of 
gravity of the load is then determined 84 by dividing the load 
moment by the load Weight. 

[0050] Once the load Weight, actual load moment, and 
load center of gravity are determined, information and 
Warnings about the preceding may be provided to the 
operator of the lifting machine 10 When the program deter 
mines if the actual load moment is greater than a pre 
determined load moment someWhere in the range of 80% to 
100% of the rated load moment of the lifting machine 10. If 
the load moment is not greater 88 than that pre-determined 
load moment (e.g., 90% of the rated load moment of the 
lifting machine 10), the processor Will then display a ?rst 
Warning, by illuminating the green light 64 located on the 
display 60. The processor Will also output the calculated 
load Weight, actual load moment, and center of gravity of the 
load to the display 60 in order to provide this information to 
the operator. The processor Will also then repeat the process 
With another ten pressure measurements from the tilt and lift 
cylinders 36, 30 and repeat steps 78-88. 

[0051] If the load moment is greater than 90% of the rated 
load moment of the lifting machine 10, the program Will 
then determine 90 if the load moment is greater a second 
pre-determined load moment someone in the range of 100% 
to 120% (e.g., 110%) of the rated load moment. If the load 
moment is not greater 92 than 90% of the rated load moment 
of the lifting machine 10, the processor Will then display a 
second Warning, by illuminating the yelloW light 66 located 
on the display 60. The processor Will also output the 
calculated load Weight, actual load moment, and center of 
gravity of the load to the display 60 in order to provide this 
information to the operator. The processor Will also activate 

Aug. 12, 2004 

the loW frequency alarm 68. The processor Will then repeat 
the process With another ten pressure measurements from 
the tilt and lift cylinders 36, 30 and repeat steps 78-92. 

[0052] If the load moment is greater than 110% of the 
rated load moment of the lifting machine 10, the program 
Will then display 94 a third Warning, by illuminating the red 
light 70 located on the display 60. The processor Will also 
output the calculated load Weight, actual load moment, and 
center of gravity of the load to the display 60 in order to 
provide this information to the operator. The processor Will 
also activate the high frequency alarm 72 and disable lift 
function. The processor Will also activate the load pressure 
sWitch 58 to disable the lift function. The processor Will then 
repeat the process With another plurality of pressure mea 
surements (e. g., ten pressure measurements) from the tilt and 
lift cylinders 36, 30 and repeat steps 78-94. Lift function Will 
remain disabled if actual load moment remains greater than 
110% of the rated load moment. Alternatively, lift function 
Will be disabled if the pressure sensor 46 Within the lift 
cylinder 30 measures pressure that correlates to the Weight 
associated With the maXimum lifting capacity of the lifting 
machine 10. 

[0053] An alternative embodiment of a process 96 for 
monitoring load conditions on a lifting machine having a 
rated load moment is illustrated in FIG. 5. The process 96 
is similar to the process 74 of FIG. 4 eXcept that pressure 
sWitches are used instead of pressure transducers and no 
program is used to calculate values into load moments, 
Weight, and load center of gravity. Instead, the pressure 
sWitches directly activate Warnings if pressure measure 
ments exceed operating parameters. The process begins With 
an initialiZation period 98, during Which the lifting machine 
10 is activated and a green light 66 located on the display 60 
is illuminated if the pressure sWitches are not open. For 
eXample, at least tWo pressure sWitches are pre-set to open 
at certain pressures Which have been respectively correlated 
to, for eXample, 90% and 110% of the rated load moment of 
the lifting machine 10 and are in ?uid communication With 
the tilt cylinder 36 to measure pressure 100 Within the 
cylinder 36. A pressure valve in ?uid communication With 
the lift cylinder 30 is pre-set to open at a certain pressure 
Which has been correlated to the maXimum Weight the lifting 
machine is able to lift. 

[0054] The pre-set pressure sWitches ‘measure’ pressure 
100 Within their respective cylinders 30, 36, and set to 
determine if pressure Within the tilt cylinder is greater than 
the pressure correlated to 90% of the rated load moment 102. 
If the pressure Within the tilt cylinder 36 is not greater 104 
than 90% of the rated load moment of the lifting machine 10, 
a ?rst Warning, in the form of the illuminated green light 64, 
Will continue to be illuminated. The process continuously 
repeats as the pressure sWitch continues to ‘measure’ pres 
sure Within the tilt cylinder 36, and repeats steps 100-104. 

[0055] If pressure Within the tilt cylinder 36 is greater than 
the pressure correlated to 90% of the rated load moment 102, 
then the pressure sWitch pre-set to 90% of the rated load 
moment Will open While the pressure sWitch pre-set to 110% 
of the rated load moment remains closed 106. If the actual 
load moment is not greater 108 than 110% of the rated load 
moment of the lifting machine 10, a second Warning Will be 
displayed by illuminating the yelloW light 66 located on the 
display 60, and illuminating the loW frequency alarm 68. 
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The display 60 may also illuminate a Warning indicator 
showing the approximate load moment Which the pre-set 
pressure sWitch indicates has been exceeded. The process 
continuously repeats as the pressure sWitches continue to 
‘measure’ pressure Within the tilt cylinder 36, and repeats 
steps 100-108. 

[0056] If the load moment is greater than 110% of the 
rated load moment of the lifting machine 10, a third Warning 
Will then be displayed 110, by illuminating the red light 70 
located on the display 60, activating the high frequency 
alarm 72, and disabling the lift function. The process con 
tinuously repeats as the pressure sWitches continue to ‘mea 
sure’ pressure Within the tilt cylinder 36, and repeats steps 
100-110. Lift function Will remain disabled if actual load 
moment remains greater than 110% of the rated load 
moment. If the actual Weight of the load eXceeds the lifting 
capacity of the lifting machine 10, the pre-set pressure 
sWitch in the lift cylinder 30, set to open When hydraulic 
?uid pressure Within the lift cylinder 30 meets or eXceeds the 
pressure correlated to the maXimum lifting capacity of the 
lifting machine, Will open and the lift function Will be 
disabled. 

[0057] In an alternative embodiment, a single pre-set 
pressure sWitch may be used to determine if pressure Within 
the tilt cylinder 36 is greater than a pre-determined load 
moment. This pre-determined load moment can be set 
anyWhere in the range of 100% to 150% of the rated load 
moment. If the single pre-set pressure sWitch is activated, 
electrical signals Will be sent to illuminate the red light 70, 
sound an audio alarm, and/or activate the load pressure 
sWitch 58 to disable the lifting function of the lifting 
machine. 

[0058] The above-described embodiments of the present 
invention are illustrative only and not limiting. It Will thus 
be apparent to those skilled in the art that various changes 
and modi?cations may be made Without departing from this 
invention in its broader aspects. Therefore, the appended 
claims encompass all such changes and modi?cations as 
falling Within the true spirit and scope of this invention. 

What is claimed is: 
1. A process for monitoring load conditions on a lifting 

machine having a rated load moment, comprising the steps 
of: 

determining an actual load moment of the lifting machine 
due a Weighted load; 

activating a ?rst Warning if the actual load moment is 
beloW a ?rst predetermined load moment; 

activating a second Warning if the actual load moment is 
above the ?rst predetermined load moment and beloW 
a second predetermined load moment; and 

activating a third Warning if the actual load moment is 
above the second predetermined load moment. 

2. The system of claim 1, Wherein the ?rst, second, and 
third Warnings are colored lights. 

3. The process of claim 1, Wherein the determining step 
further includes the steps of measuring a tilt pressure Within 
a hydraulic tilt cylinder of the lifting machine, and calcu 
lating the actual load moment from the tilt pressure Within 
the hydraulic tilt cylinder. 
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4. The process of claim 3, further including the steps of 
measuring a lift pressure Within a hydraulic lift cylinder of 
the lifting machine, calculating the Weight of the Weighted 
load from the lift pressure, and calculating a location of the 
center of gravity of the Weighted load using the actual load 
moment and the calculated Weight. 

5. The process of claim 1, Wherein the ?rst predetermined 
load moment is 80% to 100% of the rated load moment. 

6. The process of claim 1, Wherein the second predeter 
mined load moment is 100% to 120% of the rated load 
moment. 

7. The process of claim 1, including the step of engaging 
an audio alarm if the actual load moment is above the ?rst 
predetermined load moment and beloW the second prede 
termined load moment. 

8. The process of claim 1, including the step of engaging 
an audio alarm if the actual load moment is above the second 
predetermined load moment. 

9. The process of claim 1, including the step of disabling 
the lifting machine if a load pressure sWitch of the lifting 
machine is activated. 

10. The process of claim 1, Wherein the determining step 
includes the steps of Weighing the Weighted load and cal 
culating a location of a center of gravity of the Weighted 
load. 

11. The process of claim 10, further including the step of 
providing information to a user about the Weight and the 
location of the center of gravity of the Weighted load, 
Whereby a Warning is provided to the user if the load is near 
the rated load moment of the lifting machine. 

12. Aprocess for monitoring load conditions on a lifting 
machine having a rated load moment, comprising the steps 
of: 

measuring a tilt pressure Within a hydraulic tilt cylinder of 
the lifting machine, and calculating an actual load 
moment of the lifting machine from the tilt pressure 
due to a Weighted load on the lifting machine; 

measuring a lift pressure Within a hydraulic lift cylinder of 
the lifting machine, calculating the Weight of the 
Weighted load from the lift pressure and calculating a 
location of a center of gravity of the Weighted load 
using the actual load moment and the calculated 
Weight; 

activating a ?rst Warning if the actual load moment is 
beloW a ?rst predetermined load moment; 

activating a second Warning if the actual load moment is 
above the ?rst predetermined load moment and beloW 
a second predetermined load moment; 

and activating a third Warning if the actual load moment 
is above the second predetermined load moment. 

13. The system of claim 12 engaging a ?rst audio alarm 
if the actual load moment is above the ?rst predetermined 
load moment and beloW the second predetermined load 
moment, and engaging a second audio alarm if the actual 
load moment is above the second predetermined load 
moment. 

14. The system of claim 13, Wherein the ?rst, second, and 
third Warnings are colored lights. 

15. The process of claim 12, Wherein the ?rst predeter 
mined load moment is 80% to 100% of the rated load 
moment. 
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16. The process of claim 12, wherein the second prede 
termined load moment is 100% to 120% of the rated load 
moment. 

17. The process of claim 12, including the step of dis 
abling the lifting machine if a load pressure sWitch of the 
lifting machine is activated. 

18. The process of claim 12, further including the step of 
providing information to a user about the Weight and the 
location of the center of gravity of the Weighted load, 
Whereby a Warning is provided to the user if the load is at 
least 90% of the rated load moment of the lifting machine. 

19. A hydraulic stabiliZer system, comprising: 

a hydraulic lift having a rated load moment; 

a means for measuring pressure Within the hydraulic lift; 

a processor for determining an actual load moment of the 
hydraulic lift and for determining a Weight of a load on 
the hydraulic lift based on pressure Within the hydraulic 
lift; 

an illuminated display for Warning an operator of the 
hydraulic lift if at least one predetermined operating 
parameter is exceeded; and 

a load pressure sWitch for disabling the hydraulic lift if 
another predetermined operating parameter is 
exceeded. 

20. The system of claim 19, Wherein the hydraulic lift 
includes a frame, at least one load bearing member opera 
tionally connected to the frame for movement relative 
thereto, a holloW lift cylinder housing a lift piston and 
hydraulic ?uid, the lift cylinder piston operationally con 
nected to the load bearing member, With the hydraulic ?uid 
disposed betWeen the lift piston and one end of the frame, 
the lift piston imparting a lift force upon the hydraulic ?uid 
Within the lift cylinder proportional to a Weight associated 
With the load bearing member, and a holloW tilt cylinder 
housing a tilt piston and hydraulic ?uid, the tilt piston 
operationally connected to the load bearing member, With 
the hydraulic ?uid Within the tilt cylinder disposed betWeen 
the tilt piston and one end of the frame, the tilt piston 
imparting a tilt force upon the ?uid proportional to an actual 
load moment associated With the load bearing member. 

21. The system of claim 20, Wherein the means for 
measuring pressure Within the hydraulic lift is a lift pressure 
sensor in ?uid communication With the hydraulic ?uid 
Within the lift cylinder, for measuring pressure of the 
hydraulic ?uid Within the lift cylinder for a period of time 
and creating electrical signals corresponding thereto, de?n 
ing at least one pressure measurement Within the lift cylin 
der, With the pressure Within the lift cylinder being related to 
the lift force associated With the load bearing member, and 
a tilt pressure sensor in ?uid communication With the 
hydraulic ?uid Within the tilt cylinder, for measuring pres 
sure of the hydraulic ?uid Within the tilt cylinder for a period 
of time and creating electrical signals corresponding thereto, 
de?ning at least one pressure measurement Within the tilt 
cylinder, With the pressure being related to the tilt force 
associated With the load bearing member. 

22. The system of claim 19, Wherein the illuminated 
display is in data communication With the processor and 
produces a visual representation of the Weight on the 
hydraulic lift. 

23. The system of claim 19, Wherein the processor 
includes a ?rst sub-routine of a program stored in a memory 
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to be operated on by the processor, determining, from at least 
one pressure measurement Within the lift cylinder, the 
Weight of the load on the hydraulic lift. 

24. The system of claim 23, Wherein the processor 
includes a second sub-routine of the program stored in the 
memory to be operated on by the processor, determining, 
from at least one pressure measurement Within the tilt 
cylinder, the actual load moment of the load on the hydraulic 
lift. 

25. The system of claim 19, the processor includes at least 
one sub-routine of a program stored in a memory to be 
operated on by the processor, determining, from at least one 
pressure measurement Within the lift cylinder, the Weight of 
the load on the hydraulic lift, and determining, from at least 
one pressure measurement Within the tilt cylinder, the actual 
load moment of the load on the hydraulic lift, Wherein 
another sub-routine of the program stored in the memory to 
be operated on by the processor uses the actual load moment 
and the Weight of the load to determine a location of a center 
of gravity of the load on the hydraulic lift. 

26. The system of claim 19, Wherein the illuminated 
display 30 activates a ?rst Warning if the actual load moment 
is beloW a ?rst predetermined load moment, activates a 
second Warning if the actual load moment is above the ?rst 
predetermined load moment and beloW a second predeter 
mined load moment, and activates a third Warning if the 
actual load moment is above the second predetermined load 
moment. 

27. The process of claim 26, Wherein the ?rst predeter 
mined load moment is 80% to 100% of the rated load 
moment, and the second predetermined load moment is 
100% to 120% of the rated load moment. 

28. The system of claim 26, Wherein the ?rst, second, and 
third Warnings are colored lights. 

29. The system of claim 19, Wherein the illuminated 
display engages a ?rst audio alarm if the actual load moment 
is above a ?rst predetermined load moment and beloW a 
second predetermined load moment, and engages a second 
audio alarm if the actual load moment is above the second 
predetermined load moment. 

30. The process of claim 29, Wherein the ?rst predeter 
mined load moment is 80% to 100% of the rated load 
moment, and the second predetermined load moment is 
100% to 120% of the rated load moment. 

31. The process of claim 19, Wherein the hydraulic lift is 
disabled if the load pressure sWitch is activated. 

32. A hydraulic stabiliZer system, comprising: 

a hydraulic lift having a rated load moment and maXimum 
lifting capacity, Wherein the hydraulic lift includes a 
frame, at least one load bearing member operationally 
connected to the frame for movement relative thereto, 
a holloW lift cylinder housing a lift piston and hydraulic 
?uid, the lift cylinder piston operationally connected to 
the load bearing member, With the hydraulic ?uid 
disposed betWeen the lift piston and one end of the 
frame, the lift piston imparting a lift force upon the 
hydraulic ?uid Within the lift cylinder proportional to a 
Weight associated With the load bearing member, and a 
holloW tilt cylinder housing a tilt piston and hydraulic 
?uid, the tilt piston operationally connected to the load 
bearing member, With the hydraulic ?uid Within the tilt 
cylinder disposed betWeen the tilt piston and one end of 
the frame, the tilt piston imparting a tilt force upon the 
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?uid proportional to an actual load moment associated 
With the load bearing member; 

at least one lift pressure sWitch in ?uid communication 
With the hydraulic ?uid Within the lift cylinder, for 
measuring pressure of the hydraulic ?uid Within the lift 
cylinder, With the pressure Within the lift cylinder being 
related to the lift force associated With the load bearing 
member, and at least one tilt pressure sWitch in ?uid 
communication With the hydraulic ?uid Within the tilt 
cylinder, for measuring pressure of the hydraulic ?uid 
Within the tilt cylinder, With the pressure being related 
to the tilt force associated With the load bearing mem 
ber. 

an illuminated display for Warning an operator of the 
hydraulic lift if at least one predetermined operating 
parameter is exceeded, Wherein the illuminated display 
is in communication With the at least one lift pressure 
sWitch and the at least one tilt pressure sWitch; and 

a load pressure sWitch for disabling the hydraulic lift if 
another predetermined operating parameter is 
exceeded, Wherein the lift pressure sWitch measures the 
lift force and the tilt pressure sWitch measures the tilt 
force, Whereby the illuminated display activates a ?rst 
Warning if the actual load moment is beloW a ?rst 
predetermined load moment, activates a second Warn 
ing if the actual load moment is above the ?rst prede 
termined load moment and beloW a second predeter 
mined load moment, activates a third Warning if the 
actual load moment is above the second predetermined 
load moment, and disables the hydraulic lift if the 
Weight is above the maximum lifting capacity. 

33. The process of claim 32, Wherein the ?rst predeter 
mined load moment is 80% to 100% of the rated load 
moment, and the second predetermined load moment is 
100% to 120% of the rated load moment. 

34. The system of claim 32, Wherein the ?rst, second, and 
third Warnings are colored lights. 

35. The system of claim 32, Wherein the illuminated 
display engages a ?rst audio alarm if the actual load moment 
is above a ?rst predetermined load moment and beloW a 
second predetermined load moment, and engages a second 
audio alarm if the actual load moment is above the second 
predetermined load moment. 

36. The process of claim 32, Wherein the ?rst predeter 
mined load moment is 80% to 100% of the rated load 
moment, and the second predetermined load moment is 
100% to 120% of the rated load moment. 

37. The process of claim 32, Wherein the hydraulic lift is 
disabled if the load pressure sWitch is activated. 
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38. A hydraulic stabiliZer system, comprising: 

a hydraulic lift having a rated load moment and maximum 
lifting capacity, Wherein the hydraulic lift includes a 
frame, at least one load bearing member operationally 
connected to the frame for movement relative thereto, 
a holloW lift cylinder housing a lift piston and hydraulic 
?uid, the lift cylinder piston operationally connected to 
the load bearing member, With the hydraulic ?uid 
disposed betWeen the lift piston and one end of the 
frame, the lift piston imparting a lift force upon the 
hydraulic ?uid Within the lift cylinder proportional to a 
Weight associated With the load bearing member, and a 
holloW tilt cylinder housing a tilt piston and hydraulic 
?uid, the tilt piston operationally connected to the load 
bearing member, With the hydraulic ?uid Within the tilt 
cylinder disposed betWeen the tilt piston and one end of 
the frame, the tilt piston imparting a tilt force upon the 
?uid proportional to an actual load moment associated 
With the load bearing member; 

at least one tilt pressure sWitch in ?uid communication 
With the hydraulic ?uid Within the tilt cylinder, for 
measuring pressure of the hydraulic ?uid Within the tilt 
cylinder, With the pressure being related to the tilt force 
associated With the load bearing member. 

an illuminated display for Warning an operator of the 
hydraulic lift if at least one predetermined operating 
parameter is exceeded, Wherein the illuminated display 
is in communication With the at least one tilt pressure 
sWitch; and 

a load pressure sWitch for disabling the hydraulic lift if the 
predetermined operating parameter is exceeded, 
Wherein the tilt pressure sWitch measures the tilt force, 
Whereby the illuminated display activates a Warning if 
the actual load moment is above a predetermined load 
moment. 

39. The process of claim 38, Wherein the predetermined 
load moment ranges from 100% to 150% of the rated load 
moment. 

40. The system of claim 38, Wherein the Warning is a 
colored light. 

41. The system of claim 38, Wherein the illuminated 
display engages an audio alarm if the actual load moment is 
above the predetermined load moment. 

42. The process of claim 38, Wherein the hydraulic lift is 
disabled if the load pressure sWitch is activated. 


