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ABSTRACT: Lifting apparatus for lifting and controlling a 
three-dimensional load, particularly a module for a modular 
building. The apparatus includes a lifter mounted on a mova 
ble support connected to a frame. The lifter is adapted to be 
lifted by a crane or other power means. The frame is adapted 
to be connected to the load as with securing lines. A first drive 
mechanism is operatively connected to the lifter for moving it 
relative to the support in first and second opposite directions, 
and a second drive mechanism is operatively connected to the 
support for moving the support and the lifter thereon in op 
posite directions perpendicular to the first and second 
directions. The drive mechanisms include electrical motors 
which are controlled by control apparatus operable to actuate 
the motors to position the lifter at any point in a plane in order 
to control the angle of the load while lifted. 
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LIFTINGAPPARATUS 
Modular construction offers many advantages to the home 

builder and builders of other types of buildings as well. To 
name a few, standardized materials can be used, structures 
and shapes can be prefabricated to relatively exact dimensions 
within close tolerances to assure proper fit. The time required 
for construction can be greatly reduced, and economies in 
labor and materials can be achieved. 

In modular construction, units of a building called modules 
are prebuilt in a factory in a finished or nearly finished condi 
tion, and are then transported to a site and assembled with 
each other to provide a complete building such as a home. The 
modules are typically transported from factory to home site on 
a truck, and when the truck arrives at the home site the 
module is lifted from the truck by means of a crane and 
lowered onto a foundation to which it is firmly secured. 

Lifting a heavy home module which may weigh several tons 
and lowering it into an exact position on a foundation while 
the module is suspended from a crane offers some practical 
problems. The exact location of the center of gravity of the 
module varies from one module to another, partly because of 
model variations, so the line of the crane cannot ordinarily be 
attached directly over the center of gravity of the module. 
Even a slight variation from the center of gravity may result in 
tilting of the module when it is lifted. If the module is so tilted 
when it is lowered onto the foundation, it becomes very dif 
ficult to set the module down on the foundation in exactly the 
right position. This is not to say, however, that some tilting 
may not be tolerated, and in fact in some cases it is even 
desirable to intentionally tilt the module very slightly as it is 
lowered onto the foundation so as to set down first one corner, 
then another, and so on until the module is properly located. 
However this intentional tilting requires accurate control over 
the angle of the module while it is being lowered. 

Accordingly, it is an object of the present invention to pro 
vide lifting apparatus for lifting and controlling the angle of a 
three-dimensional load such as a module for a modular build 
ing. 
Another object of the invention is to provide lifting ap 

paratus by which a module or other load being lifted can be 
levelled or intentionally tilted a predetermined amount while 
in a raised position. 
Another object of the invention is to provide lifting ap 

paratus in which a lifter can be positioned at any point in a 
predetermined plane in order to control the tilt angle of a load 
while lifted. 
Another object of the invention is to provide lifting and 

levelling apparatus with controls, either manually operated or 
automatically operated or both, for driving motors of the ap 
paratus to accurately position a lifter relative to the center of 
gravity of a load. 
Among the other objects of the invention are to provide lift 

ing apparatus which can be fabricated on a practical basis, 
which is not critical in operation, which is not unduly expen 
sive, and which can be operated in conjunction with a crane or 
other power means without critically sensitive manipulation. 
Other objects of this invention will appear from the follow 

ing description and appended claims, reference being had to 
the accompanying drawings forming a part of this specifica 
tion wherein like reference characters designate correspond 
ing parts in the several views. 

ONTHEDRAWINGS 

FIG. 1 is an elevational view showing lifting apparatus in ac 
cordance with one embodiment of the invention as used to lift 
a module of a home; 

FIG. 2 is an elevational view of the apparatus and module of 
F.G. 1 as viewed from one end; 

FIG. 3 is an elevational view of the lifting apparatus, this 
view being slightly larger than FIG. 2 but viewed from the 
same end; 

FIG. 4 is a plan view of the lifting apparatus; 
FIG. 5 is a sectional view taken along line 5-5 of FIG. 4; 
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FIG. 6 is a sectional view taken along line 6-6 of FIG. 4; 
FIG. 7 is a sectional view taken along line 7-7 of FIG. 4; 
FIG. 8 is an enlarged sectional view of a sensing control 

which may be used with the apparatus; 
FIG. 9 is a cross-sectional view of a gimbal used in the 

sensing control of FIG. 8; 
FIG. 10 is a cross-sectional view showing electrical contacts 

included within the sensing control of FIG. 8; and 
FIG. 11 is a schematic view showing changed positions of a 

module while it is being levelled by means of the lifting ap 
paratus of the invention. 

Before explaining the present invention in detail, it is to be 
understood that the invention is not limited in its application 
to the details of construction and arrangement of parts illus 
trated in the accompanying drawings, since the invention is 
capable of other embodiments and of being practiced or car 
ried out in various ways. Also, it is to be understood that the 
phraseology or terminology employed herein is for the pur 
pose of description and not of limitation. 

AS SHOWN ON THE DRAWINGS 

FIGS. 1 and 2 show a lifting apparatus 20 in accordance 
with one embodiment of the invention attached to a module 
22 which is to be assembled with other modules (not shown) 
to form a modular home. The lifting apparatus 20 is attached 
to the hook 24 of a crane or power lifting means which pro 
vides motive force for lifting the module 22 and lowering it as 
needed. As previously mentioned, the most critical lifting and 
lowering operation occurs when the module 22 is being trans 
ferred from a truck to a foundation at a home site. During this 
operation, the angle of the module relative to horizontal 
should be controlled relatively accurately, and the lifting ap 
paratus 20 accomplishes that function. 
The lifting apparatus 20 includes a frame generally 

designated 26 which is attached to the module 22 by means of 
lines 28. The lines 28 may be connected directly to the module 
22 at spaced points, or the lines 28 may be connected to a 
spreader such as the spreader 30 which is shown in FIGS. 1 
and 2. The spreader 30 is a strong rectangular structure which 
absorbs the horizontal components of the lifting force applied 
by the lines 28 which extend at angles from the frame 26. As 
shown in FIGS. 1 and 2, the spreader 30 may be connected by 
short vertical lines 32 or other attachment means to studs 34 
at the roof of the module 22, although a variety of attaching 
structures are available. In the drawings, a stud 34 is provided 
at each corner of the module and two additional studs 34 are 
provided at the midpoint of the module on opposite sides 
thereof. The lines 28 are attached to the spreader 30 at 
respective points directly above each of the studs 34, and the 
lines 28 extend angularly up to the frame 26 where they are at 
tached to eyes 36 (FIG. 6). Thus, the spreader 30 receives all 
of the compressive forces applied by the lines 28, and in turn 
applies only vertical lifting forces to the module 22. If, how 
ever, the module has a strong and rigid frame as is sometimes 
the case, the module itself can absorb the compressive forces 
without damage and the spreader 30 may be omitted. 

In the illustrated embodiment, the frame 26 is rectangular 
and has four I-beams 38, 40, 42 and 44 (FIG. 4). The I-beams 
42 and 44 are joined to opposite ends of the I-beams 38 and 40 
respectively to form the rectangular frame. The frame 26 is 
smaller in area than the module 22, but it is large enough in 
area to cover the zone where the center of gravity of the 
module 22 may be expected to lie. It is apparent that the 
center of gravity of the module 22 may not be at its geometri 
cal center and, in fact, probably will not be because the struc 
ture inside the module is not uniformly distributed in most 
cases. Thus, the frame 26 must be large enough to allow posi 
tioning of the hook 24 above the center of gravity of the 
module 22, 
Mounted on and connected to the frame 26 is a movable 

support 46 in the form of a bridge which spans the I-beams 38 
and 40. The bridge or support 46 may also be an I-beam if 
desired. As shown in FIG. 5, the bridge 46 has wheels or rol 
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lers 48 mounted on one end thereof and another set of wheels 
or rollers 50' mounted on the other end thereof. Preferably 
there are three rollers 48 arranged in a triangular pattern and 
also three rollers 50' arranged in a triangular pattern. The 
upper wheel 48 and the upper wheel 50" ride on the upper 
flanges on the inside faces of the I-beams 40 and 38, and the 
lower wheels 48 and the lower wheels 50' ride on the lower 
flanges on the inside faces of the I-beams 40 and 38. The two 
lower wheels 48 at one end of the bridge 46 are shown riding 
on the I-beam 40 in FIG. 6. The I-beams 38 and 40 are parallel 
to each other, and they form tracks along which the bridge 46 
moves. The bridge 46 can move transversely in two opposite 
directions relative to the frame 26. Thus, the bridge 46 can 
traverse the full length of the frame 26. 
Mounted on and connected to the bridge 46 is a lifter 50. 

The lifter 50 has an eye 52 to which the hook 24 of the crane is 
connected (FIG. 5), so the lifting force of the crane is applied 
directly to the lifter 50. The lifter 50 has four wheels all 
designated 54, and these wheels ride on the underside of the 
upper flanges 56 of the I-beam which forms the bridge 46 as 
shown in FIGS. 5 and 6. 
The lifter 50 may consist of spaced, triangular arms 58 and 

60 with the wheels 54 fastened by means of studs or the like to 
the lower ends of the arms 58 and 60. The upper ends of the 
arms 58 and 60 may be fastened to the eye 52. 
The lifter 50 can move longitudinally of the bridge or sup 

port 46 in two opposite directions which are perpendicular to 
the directions in which the bridge 46 moves. The lifter 50 can 
traverse a substantial portion of the length of the bridge 46. It 
may be seen that by moving the bridge 46 transversely of the 
frame 26 and by moving the lifter 50 longitudinally of the 
bridge 46, it is possible to position the lifter 50 at any desired 
point within a plane which corresponds generally to the plane 
of the frame 26. By this movement, the lifter 50, and also the 
hook 24 of the crane, can be positioned either directly over or 
in a predetermined offset position relative to the center of 
gravity of the module 22 for the purpose of levelling the 
module or for purposely tilting the module at a slight predeter 
mined angle. 
The drive means for the bridge or support 46 includes an 

electrical motor 64 with a reduction gear unit 66, both of 
which are mounted on the I-beam 44 at one end of the frame 
26. Two drivescrews 68 and 70 traverse the frame 26, and are 
journaled in bearings 72 and 74 (FIG. 7) which are mounted 
on the outside faces of the beams 42 and 44. The screws 68 
and 70 have sprockets or pulleys 76 and 78 mounted on their 
ends, and the sprockets 76 and 78 are connected in driving 
relation with a sprocket 80 which is rotated by the motor 64 
through the gear reduction unit 66. 
The screws 68 and 70 are operatively connected to the sup 

port or bridge 46 to provide the force for driving the bridge 
along the frame 26. The screws 68 and 70 may pass through 
gimbals 82 and 84. The screws 68 and 70 are threadedly con 
nected to the inside ring of the gimbals 82 and 84 as shown in 
FIG. 5. The inside ring is pivotally mounted on an outside ring 
which is pivotally mounted on the bridge 46. The gimbals 
merely serve to take up variations in the screws which might 
otherwise cause the screws to bind if they were directly 
threadedly connected to the bridge itself or to a pillow block 
mounted on the bridge. 
The drive means for the lifter 50 includes a drivescrew 86 

and a motor 88 which operates through a gear reduction unit 
90. The screw 86 may be journaled at the end opposite the 
gear reduction unit 90 in a pillow block 92 which is mounted 
on the bridge 46. The screw 86 passes through a gimbal 94 and 
is threadedly connected to the inner ring of the gimbal 94. The 
inner ring is in turn pivoted on an outer ring 96 which is 
pivotally connected to the arms 58 and 60 of the lifter 50. 
Thus, the drivescrew 86 is operatively connected to the lifter 
50 in a manner so as to provide movement of the lifter 50 
along the bridge 46 in either longitudinal direction depending 
upon the direction of rotation of the screw 86. Of course the 
motors 64 and 88 are reversible electrical motors to allow 
driving the screws in either direction of rotation. 
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4. 
As shown in FIG. 1, a manual control 100 may be con 

nected to the motors 64 and 88 by means of cable 102. By 
means of switches provided in the manual control 100, an 
operator may watch the module while it is being lifted and ac 
tuate buttons on the control 100 to drive the motors 64 and 88 
so as to position the lifter 50 over the center of gravity of the 
module. Actually, the operator would observe the tilt of the 
module as shown in FIG. 11, and merely drive the motors to 
move the lifter 50 until the module is levelled as shown in 
dashed lines in FIG. 11. The movement of the lifter should be 
very slow so that the module does not swing back and forth in 
pendulum fashion when the lifter 50 is moved. This can be ac 
complished by proper selection of the pitch and the speed of 
rotation of the drivescrews and also the speed of the motors 64 
and 88. 

In addition to the manual control 100, or perhaps as an al 
ternative thereto, a sensing control 104 (FIGS. 5, 6 and 8) 
may be provided. The illustrated sensing control is also a pen 
dulum and gimbal type of device. A pendulum rod 106 is af 
fixed to a ball 108 which is pivotal on stub shafts 110 and 112 
which are mounted on the outer ring 114 of the gimbal. The 
outer ring 114 is in turn pivotal on stub shafts ió and 118 
which are mounted on the housing 120 of the sensing control. 
The shafts 116 and 118 may be held in place by a ring 122 
which is screwed onto the housing 120 as shown in FIG. 8. A 
removable cover 124 is provided on the housing, and under 
this cover there are switch contacts 126, 128, 130 and 132 as 
shown in FIGS. 8 and 10. These contacts are connected by ap 
propriate wiring 134 to the motors 64 and 88. The contacts 
126 and 130 control the motor 64, and the contacts 128 and 
132 control the motor 88. On top of the ball or inner ring 108 
of the gimbal of the sensing control is a movable contact 136. 
As may be seen in FIGS. 5 and 6, the sensing control 104 

may be attached to the bridge, the frame, or even directly to 
the module if desired. When the element to which the sensing 
control is attached is horizontal, the movable contact 136 is 
centered between all of the contacts 126, 128, 130 and 132, so 
all control circuits are open and the motors are off. If the 
module 22 should tilt in the manner shown in FIG. 11 when it 
is lifted, the movable contact 136 would pivot into contact 
with the fixed contact 130, and this would actuate the motor 
64 in a sense to drive the lifter 50 to the left and thus return 
the module to a level position as indicated in FIG. 11 in 
dashed lines. 
The sensing control should ordinarily be provided as a sup 

plement to the manual control 100 and the manual control 
100 could be used to override the sensing control at any time. 
The sensing control must be designed to stop the motors be 
fore the exact level condition is reached so as to prevent hunt 
ing; that is, back-and-forth operation of the motors attempting 
to precisely position the lifter which could result in swinging of 
the module. It will be understood that the manual control 100 
can be used to override the sensing control 104 when it is 
desired to intentionally tilt the module 22 as for example when 
the module is being put down on a foundation. It is sometimes 
desirable to set one corner of a module on the foundation, 
then another corner, and so on until all corners are in place. 
This may sometimes help to accurately locate the module. The 
control 100 can be used to provide this corner-by-corner ac 
tion if desired. 
Thus, the invention provides a lifting apparatus for con 

trolling the position of a load while lifted, the apparatus being 
capable of either levelling the load or intentionally tilting the 
load slightly as needed. The lifter of the apparatus can be posi 
tioned at any point in a plane and not just linearly along a line. 
Thus, the device provides full levelling action. 

Having thus described my invention, I claim: 
1. Lifting apparatus for lifting and controlling a three 

dimensional load, said apparatus including in combination, 
lifter means to be lifted by a power means, support means sup 
porting said lifter means and connected thereto, first drive 
means operatively connected to said lifter means for moving 
said lifter means relative to said support means in first and 
second opposite directions, frame means operatively con 
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nected to said support means, means for connecting said 
frame means to said load, second drive means operatively con 
nected to said support means for moving said support means 
and said lifter means therewith in opposite directions perpen 
dicular to said first and second direction, said first and second 
drive means each including electrical motor means, and elec 
trical control means for said motor means operable to actuate 
said motor means to position said lifter means at any point in a 
plane in order to control the angle of the load while lifted. 

2. The lifting apparatus as claimed in claim 1 in which said 
first drive means includes first screw means coupled to said 
lifter means and first motor means coupled to said screw 
means to rotate the same, - 

3. The lifting apparatus as claimed in claim 2 in which said 
second drive means includes second screw means coupled to 
said support means and second motor means coupled to said 
second screw means to rotate the same, 

4. The lifting apparatus as claimed in claim 3 in which first 
gimbal means couples said first screw means to said lifter 
means and second gimbal means couples said second screw 
means to said support means. 

5. The lifting apparatus as claimed in claim 4 in which said 
frame means has tracks thereon, and said support means has 
wheels riding on said tracks to provide movement in said 
directions. 

6. The lifting apparatus as claimed in claim 5 in which said 
support means has tracks thereon, and said lifter means has 
wheels riding on said tracks to provide movement in said op 
posite directions. 

7. The lifting apparatus as claimed in claim 1 in which said 
electrical control means includes a sensing means for sensing 
the angle of the load to automatically actuate said motor 

earS. 

8. Apparatus for lifting three-dimensional loads and for 
leveling the same during lifting, said apparatus comprising 
frame means, means for connecting the frame means at 
spaced points to the load, support means movably mounted on 
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6 
said frame means and movable transversely to said frame 
means in first and second directions, lifter means operatively 
connected to said support means and movable perpendicular 
to said first and second directions, drive means including elec 
trical motor means to drive said support means and said lifter 
means, and electrical control means for said motor means 
operable to actuate said motor means when the load is tilted to 
move said lifter means to any point in a plane and thus posi 
tion said lifter means over the center of gravity of the load so 
that force may be applied to the lifter means to lift the load in 
a substantially level condition. 

9. Lifting apparatus for lifting and controlling a three 
dimensional load comprising, a frame, means for attaching 
said frame to said load, said frame having two elongated and 
parallel tracks, bridge means movably mounted on said tracks 
and movable in first and second directions, lifter means mova 
ble with said bridge means and further movable in third and 
fourth directions perpendicular to said first and second 
directions, drive means for said lifter means and said bridge 
means including electrical motor means, and electrical control 
means for said motor means operable to actuate said motor 
means to position said lifter means at any point in a plane in 
order to control the angle of the load while lifted. 

10. Lifting apparatus for lifting and leveling a three-dimen 
sional load comprising, a frame having a pair of spaced and 
parallel tracks, means for attaching said frame to said load at 
spaced points, a bridge having wheels riding on said tracks and 
movable in two opposite directions, a motor, screw means 
coupling said motor to said bridge for driving said bridge, said 
bridge having a track at right angles to said tracks of said 
frame, a lifter having wheels riding on said track of said 
bridge, another motor, and further screw means coupling said 
other motor to said lifter for driving said lifter in directions 
perpendicular to said opposite directions, said lifter being 
adapted to be coupled to a crane or the like to lift a load and 
leveling the load by operation of said motors to place the lifter 
over the center of gravity of the load. 


