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(57) Claim

1. A load hauler for travelling on conventional road ways to move heavy

loads, such as construction equipment or the like, from one work site to another,

said hauler including: a front carriage including a rigid frame supported upon a 

multiplicity of hydraulically suspended, independent wheel and axle units, said 

wheel and axle units being spaced apart from one another longitudinally along and 

laterally across said frame; a first fifth-wheel coupling at the leading end of said 

front carriage for connecting to a fifth-wheel coupling sf a tow vehicle, and a 

second fifth-wheel coupling on said frame at a position spaced rearwardly from 

said first fifth-wheel coupling; a rear carriage including a rigid frame supported 

upon a multiplicity of hydraulically suspended, independent wheel and axle units 

spaced apart from one another longitudinally along and laterally across said frame, 

said rear carriage having a third fifth-wheel type or similar coupling thereon 

intermediate the leading and trailing end thereof; a load unit having detachably 

connected thereto a forwardly projecting and a rearwardly projecting pair of 

goosenecks, each of said goosenecks having a fifth-wheel coupling, with the one 

on said forwardly projecting gooseneck connected to said second fifth-wheel
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(10)620881
coupling on said front carriage and the other to said third fifth-wheel coupling on 

said rear carriage; valved hydraulic circuit means interconnecting the hydraulic 

suspensions of said wheel and axle units selectively to distribute the load equally 

amongst all of the wheel units and control stiffness of roll of the load about an axis 

lengthwise of said hauler; gas charged accumulator means associated with the 

hydraulic suspensions providing a spring suspension system, and wherein at least 

some of the independent wheel and axle units are steerably mounted on the 

carriage associated therewith.
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(57)Abstract

A heavy-load hauler for traveling on conventional roadways to move, for example, heavy construction equipment such as 
cranes or the like from one work site to another. The hauler includes a frorit tractor-drawn carriage (100), a rear carriage (200) 
and a load unit (300) disposed between and carried by such carriages. The front carriage (100) is supported upon a multiplicity of 
independent wheel and axle units (500). There is a First Fifth-wheel coupling (101) at the leading end of the front carriage (100), 
for connecting to the Fifth-wheel coupling of a tractor, (400) and a second Fifth-wheel coupling spaced (303) rearwardly there
from. The load-carrying rear carriage (200) is also supported upon a multiplicity of independent wheel and axle units (500) and 
there is a Fifth-wheel coupling (304) intermediate the leading and trailing ends of such carriage.
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HEAVY DUTY TRANSPORT VEHICLE

Field of -the Invention

This invention relates generally to multi-axle 
transport haulers for moving heavy loads such as cranes, 
construction equipment and materials used in construction 
from one location to another.
Background of the Invention

The present invention is directed particularly to an 
improvement in multi-axle semi-trailer type transport 
vehicles, to adapt such vehicles for transport of 
substantially heavier loads. The apparatus of the 
present invention is intended for carrying payloads of up 
to say 500,000 kilograms (kg), which as a rolling load, 
is difficult to design because of laws regarding 
permitted loads on public roadways and highways.

One of the many difficulties in multi-axle, 
multi-wheel transport systems is distribution of the load 
evenly among the many wheels and one of the objects of 
the present invention is to provide an apparatus that 
generally overcomes such difficulty.

A further difficulty of multi-axle, multi-wheel 
vehicles is that they become rather lengthy rendering 
them difficult to maneuver on public roads designed for 
more conventional transport systems and an object of the 
present invention is to provide, in addition to equal 
distribution of weight from one wheel system to another, 
means to steer the system and also controllably 
distribute the load.

In for example, from one place to another,
it is desirable to have a soft ride so as not to impose 
undue impact by the rolling loads on the road carrying 
surface and/or the apparatus rolling on said surface and 
this soft ride can be provided in a lengthwise direction, 
but on the other hand it is desirable to have a stiff 
ride in the direction transverse to the travel direction

4·ηκι/&(/ΪΛ.3ι ts\v ι · vj
so as to give stability to the traveling load. Another
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object of the present invention is to provide a
multi-axle, multi-wheel transport vehicle with
controllable ride characteristics.
Summary of the Invention

One aspect of the present invention relates to 
equalizing loading on the plurality of wheel sets and to 
do so there is employed a hydraulic system.

Another aspect of the present invention concerns 
distributing loads equally to a plurality of wheel sets 
where such wheel sets are arranged on two or more 
carriages and without the use of the multiplicity of 
goosenecks attached one onto the other, i.e.,
multiple-load transfer points to obtain suspension 
equalization, as has been the case with prior art 
devices.

Another aspect of the present invention concerns a 
steering control system for a multiplicity of wheel sets 
under a train of chassis pivotally connected to form a 
vehicle with a multiplicity of articulated joints.

In a train-type vehicle of the present invention one 
important aspect is the ability of the rear end to steer 
in phase with the front end. The axle suspension 
cylinders are used not only for steering, but also for 
raising and lowering the load without requiring any 
additional hoisting mechanism. This ability to raise and 
lower also facilitates connection of the goosenecks as 
will become apparent hereinafter.

One of the problems in heavy-load hauling is knowing 
the weight and center of gravity of the load on each 
multi-axle grouping. With the hydraulic suspension this 
can be read and determined from direct reading of 
suspension pressure load gauges provided on an instrument 
panel. Not only can there be a direct readout of load 
but also distribution. '
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The axles being steerable and with the rear end steering in phase with 

the front, the turning radius is much better than competitive machines. Also since 

the axles have their own suspension, they can be added easily to give the hauler

5 increased capacity as may be required.

In accordance with the present invention there is provided a load hauler

for travelling on conventional road ways to move heavy loads, such as construction

equipment or the like, from one work site to another, said hauler including: a front

·;·· carriage including a rigid frame supported upon a multiplicity of hydraulically • · · ·
suspended, independent wheel and axle units, said wheel and axle units being 

spaced apart from one another longitudinally along and laterally across said frame; 

ί.?’/ a first fifth-wheel coupling at the leading end of said front carriage for connecting 

to a fifth-wheel coupling of a tow vehicle, and a second fifth-wheel coupling on 

said frame at a position spaced rearwardly from said first fifth-wheel coupling; a

15 rear carriage including a rigid frame supported upon a multiplicity of hydraulically 

«j···· suspended, independent wheel and axle units spaced apart from one another 

; ·*’·’; longitudinally along and laterally across said frame, said rear carriage having a

ί , third fifth-wheel type or similar coupling thereon intermediate-the leading andί · · · · · · . : '4 · · : Z .
; . trailing end thereof; a load unit having detachably connected thereto a forwardly

20 projecting and a rearwardly projecting pair of goosenecks, each of said goosenecks 

“. .. ‘ having a fifth-wheel coupling, with the one on said forwardly projecting gooseneck 

connected to said second fifth-wheel coupling on said front carriage and the other 

to said third fifth-wheel coupling on said rear carriage; valved hydraulic circuit

| means interconnecting the hydraulic suspensions of said wheel and axle units

25 selectively to distribute the load equally amongst all of the wheel units and control 

stiffness of roll of the load about an axis lengthwise of said hauler; gas charged 

accumulator means associated with the hydraulic suspensions providing a spring 

suspension system, and wherein at least some of the independent wheel and axle 

units are steerably mounted on the carriage associated therewith.
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In order that the invention may be more clearly understood and put 

into practical effect there shall now be described in detail a preferred embodiment 

of a load hauler in accordance with the invention. The ensuing description is

5 given by way of non-limitative example only and is with reference to the 

accompanying drawings, wherein:

Fig. 1 is a side elevational view of a heavy-load hauler of the present

invention;

Fig. 2 is a side elevational view, similar to Fig. 1, illustrating a minor 

10 variation to the load-carrying portion of the hauler;

Fig. 3 is a top plan view of the load hauler of Fig. 1;
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FIG. 3A is a partial view taken transversely to the 
direction of travel of the vehicle and illustrates a lock 
bar for the rear wheel supported carriage;

FIG. 4 is a diagrammatic partial side elevational 
view illustrating in sequence steps in the hookup of the 
gooseneck to the load-carrying bed with FIG. 4A depicting 
bringing the gooseneck to the load-carrying bed; FIG. 4B 
depicts connection of the gooseneck to the bed and 
raising of the carriage frame; FIG. 4C depicts lowering 
the carriage frame while the load-carrying plr^tform is 
supported on jacks; and FIG. 4D depicts the gooseneck 
when attached to the load-carrying bed in the hauler 
travel state;

FIG. 5 is a partial side elevational view of the 
gooseneck attachment to the load bed;

FIG. 6 is a partial top plan view of FIG. 5;
FIG. 7 is a top plan view of a center cross used to 

interconnect a number of wheeled carriage units;
FIG. 8 is a top plan view showing an arrangement with 

the unit of FIG. 7 having a series of wheeled carriage 
units mounted for travel in one direction;

FIG. 9 is a top plan view illustrating travel in a 
direction 90° to that illustrated in FIG. 8;

FIG. 10 is a side elevational view of one wheel
suspension and axle unit;

FIG. 11 is a rear elevational view of the unit of
FIG. 10;

FIG. 12 is a top plan diagrammatic view of a vehicle
illustrated in FIGS. 1 and 3, but with reference to the
steering system;

FIG. 12A is a top plan view illustrating the linkage 
and hydraulic mechanisms for the front steering system so 
designated in FIG. 12;

FIG. 12B is similar to FIG. 12A, but is the rear 
steering system so designated in FIG. 12 for the rear 
carriage unit;
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FIG. 13 is a schematic for the hydraulics of the 
phased power steering system interrelating and 
integrating the front and rear steering; and

FIG. 14 is a schematic of the hydraulics of the 
suspension.
Detailed Description of the Preferred Embodiments

Referring to FIGS. 1 to 3 there is illustrated a 
heavy-load hauler consisting of a front multi-axle, 
multi-wheel carrier unit 100, a rear multi-wheeled, 
multi-axle carrier unit 200 and a center load-carrying 
unit 300. The latter load-carrying unit has a forwardly 
projecting gooseneck 301 and a rearwardly projecting 
gooseneck 302 pivotally coupled by respective- fifth 
wheels 303 and 304 to the front and rear wheeled units 
100 and 200. The load-carrying unit 300 has a load or 
flat bed’portion 305 in the embodiment illustrated in 
FIG. 1 and on which the load to be carried is placed. In 
the embodiment illustrated in FIG. 2 the center load unit 
is the actual crane itself with respective goosenecks 301 
and 302 detachably connected thereto. The crane unit 
30ΌΑ in FIG. 2 consists of a wheeled or tracked under 
carriage portion 301A and a crane mounting platform 302A 
pivotally attached thereto for slewing about a vertical 
axis A-A. The goosenecks 301 and 302 are connected 
respectively to the under carriage 301A and the platform 
302A. The embodiment of FIG. 2 illustrates use of the 
object being carried as part of the carrying vehicle 
during transport from one location to another and differs 
from the embodiment of FIG. 1 where the transport vehicle 
is complete in itself. Obviously the payload for the 
embodiment of FIG. 1 is substantially less than that for 
the FIG. 2 embodiment considering all other things being 
equal, i.e., number of wheels, axles, tire size, etc.

The front carrier unit 100 is connected by a' fifth 
wheel 101 to a tractor unit 400. The tractor 400, the
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wheeled carriage 100, the load-carrying unit 300 and the 
trailing wheeled carrier unit 200 is a vehicle train with 
articulated joints at the fifth wheels 101, 303 and 304. 
In addition to the articulated joints, at least some of 
the wheeled axle units are steerable as will be described 
more fully hereinafter. The three fifth-wheel pivot 
joints, designated respectively 101, 303 and 304, all 
have a vertical pivot axis as do some of the wheeled 
units, i.e., those which are steerable. The vehicle 
illustrated in FIG. 3 has, for example, an approximate 
length of 13 0 feet with a design turning radius
designated Rl of 70 feet. Turning of the wheels, i.e.,
steering of the wheels on the rear .carriage unit 200 can 

μμο&ιΝπμ
be operator controlled for aaneuvorang· on the site or
alternatively steering is automatic through a hydraulic
system to be described hereinafter when •tr-avcling along a
road in moving from one location to another. In the 

■A-rea/edling ,

latter traveling state the rear carriage 200 is locked so 
as to prevent pivoting about the fifth wheel 304 by a tie 
rod or lock bar 306 pivotally connected respectively at 
opposite ends by pivot pins 310 and 311 to the
gooseneck 302 and the rear carriage unit 200. The 
general location of the tie rod 306 is shown in FIG. 1 
near the forward end of the rear-wheeled carriage 
unit 200.

Each of the front and rear-wheeled carriages 100 
and 200 have a multiplicity of independently mounted 
wheel axle units 500 that support the carriage. The 
front carriage 100, illustrated in FIG. 3, has 
independent wheel axle units designated 500A, 500B, 500C, 
500D, 500E, 500F, 500G and 500H. Similarly the rear 
carriage 200 has independently mounted wheel axle 
units 5001 through to 500T. Each wheel axle unit 500A 
through to 500T consists of four, rubber-tired, ' 
axle-mounted wheels on the lower end of a hydraulic
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piston cylinder unit that has means on the upper end for 
attachment to the frame of the carriage. At least some 
of the wheel axles are mounted in such manner that they 
can pivot about a vertical axis and through suitable 
linkage mechanisms are controllably steered as will 
become more apparent hereinafter. '

The individual hydraulic suspension wheel axle 
units 500A to 500T are of the general type disclosed in 
the U.S. Patents 4,453,734; 4,460,194 and 4,468,047. 
Controlled steering of steerable wheels by way of a 
fifth-wheel coupling of the carriage to the tractor is 
also disclosed in U.S. Patent 4,468,047. A fifth-wheel 
coupling for carriage 100 to the tractor, i.e., the fifth 
wheel designated 101, is also disclosed in these U.S. 
patents and wherein James R. McGhie is co-inventor.

The individual wheel units of the present apparatus 
are illustrated in respective side elevational view and 
rear elevational view in FIGS. 10 and 11. Referring to 
these figures, each wheel axle unit 500 has four 
pneumatic tired wheels 501 mounted on an axle 502 which 
is pivotally attached to the piston rod 503 of the 
hydraulic cylinder unit by a pivot pin 504. The pivot 
axis of pivot pin 504 is lengthwise of the vehicle 
permitting the wheel unit to follow changes in lateral 
slope or crowning of the road surface. The piston 
rod 503 is connected to a piston, not shown, reciprocally 
mounted in a cylinder 505 that projects downwardly from 
and rigidly attached to a frame mounting rigid unit 506. 
This frame mounting unit 506 has a pair of front pins 507 
projecting laterally therefrom and a pair of rear 
pins 508. These pins can fit into appropriate saddles 
facing downwardly on the carriage frame and locked in 
position on such saddles by, for example, U-bolts one of 
which is illustrated in FIG. 10 and designated 509.



WO 89/10293
PCT/US89/01657

- 8 -

The steerable wheel units have the axle frame portion 
connected to a collar 510 that is pivotally mounted on 
the outer surface of the cylinder 505 such connection 
being by way of an articulated linkage 511. The 
linkage 511 has members 511A and 511B pivotally 
interconnected by a pin 512. Link 5T1A is pivotally 
connected to the frame of the axle unit by a pivot 
pin 513 and link 511B is pivotally connected by pivot 
pin 514 to the collar 510. Steering of the wheel unit is 
effected by pivoting the wheel axle about the
longitudinal axis of cylinder 505, i.e., a vertical axis 
and a mechanism along with suitable linkages to effect 
such steering will be described hereinafter.

Each independently mounted wheel axle unit 500 is 
provided with an air brake system and has mounted on the 
wheel axle unit an air pressure conduit 52 0 that may be 
connected to a suitable air pressure supply by way of a 
coupling 521. Braking is controlled through a valve 
mechanism 522 with air chambers 523 being provided to 
effect movement of a pair of brake rods 524. The brake 
rods 524 are connected to an equalizing arm 525 that is 
mounted to brake slack adjusters 529 at each end of arm. 
Brake shoes 526 within a brake drum 527 are actuated by a 
cam-type brake actuating arm 528. A slack adjuster 529 
is provided for variously and appropriately setting the 
brake shoe.

One importaht aspect of the invention is the
provision of equal distribution of weight to the various
individual wheel axle units so that each carries an equal insure
share and thus i-naure- there is no overloading on-the road 
surface. This equal distribution of weight is effected 
by hydraulically interconnecting all of the piston 
cylinder units. The hydraulic circuitry for the 
suspension of the vehicle illustrated in FIG. 1 is shown 
in FIG. 14 wherein by broken line the wheel carrier

4*
 4

/X
V 

Λ

iMS &
>/vT o^/
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unit 100 is on the left and the rear carrier unit 200 is 
on the right. The suspension units 500E to 500H on the

. front carriage and suspension units 500(0) to 500T on the
rear carriage 200 are on the right hand portion of the

- vehicle which in FIG. 14 is separated from the left hand
side of the vehicle by a broken line designated BL. The 
respective left and right hand side of the vehicle are so 
designated above and below such broken line. The raise 
and lower valve 600A for the front suspension controls 
the fluid to and from the cylinders as shown in the 
schematic through the respective gate valves 601, 602,
604 and 605. A pressure gauge 606 provides a direct 
pressure reading for the systems 1, 2, 4 and 5 of the 
front carriage 100. Similarly in the rear carriage 200 
raise and lower valve 600B controls the systems

‘ designated 1, 2, 4 and 5 for the rear carriage through
the gate valves 601', 602', 604' and 605'.

To charge the front and rear systems gate valves 601, 
602, 604 and 605 are opened and the respective 
valves 600A and 600B actuated to appropriately position 
the height of the carriage. It should be noted at this 
point, all four systems are interconnected and thus all 
have the same pressure. Systems 1, 2, 4 or 5 can be

' operated independently by closing the other valves and
actuating the raise lower valve associated therewith.
When independent adjustment is complete, all valves 601, 
602, 604 and 605 are opened to insure pressure 
equalization and then closed. With the gate valves 
closed, all four systems have independent equalized 
suspension points. The hydraulic support system is also 
associated with an oil nitrogen accumulator 610 for 
absorbing shock loads and nitrogen pressurization can be 
varied. Valve 611 controllably stiffens the suspension 
(by air pilot line 612) to avoid front carriage 'dipping 
from braking deceleration. Control of fluid to and from
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the hydraulic cylinders is used to raise and lower the 
wheeled units and also which allows for running at 
various heights. Carriages 100 and 200 are provided with 
respective height regulating valves 600A and 600B carried 
on the frame and exposed on one side for easy access.
One of the problems in heavy-load hauling is knowing the 
weight and center of gravity of the load being hauled. 
With the hydraulic suspension, one can tell the loading 
on each axle and also each axle grouping by appropriately 
located direct readout pressure gauges. The hydraulic 
suspension and the independent wheel axle unit, i.e., 
each having their own suspension, permits adding or 
taking away axles as may be required for the capacity of 
the hauler unit.

Another feature of the present invention is the 
detachably mounted goosenecks which in one embodiment, 
i.e., FIG. 1, is attached to the load-carrying bed and in 
the other embodiment, i.e., FIG. 2, is attached to the 
load itself. While a gooseneck can be attached in many 
different ways, a preferred attachment particularly for 
the embodiment of FIG. 1 is illustrated in FIGS. 4-6. 
Referring to these figures, FIG. 4 is a sequence of steps 
designated FIGS 4A, 4B, 4C and 4D for attachment of the 
gooseneck to the load-carrying bed. These steps show a 
system that accommodates the large deflection that takes 
place on a long beam like the gooseneck. The bed has to 
be passed from the ground to the 15" cruising travel 
position in two stages. Referring to FIG. 5, the portion 
of gooseneck 301 is illustrated in solid line attached to 
the forward end of the carrying bed 305 and in broken 
line the connecting end of the gooseneck is shown 
detached from and forwardly of the load-carrying bed.
The gooseneck 301 has a pair of laterally spaced,
forwardly projecting pins 310 from which there depends
respective ones of a pair of links 311. These links have
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an aperture adjacent the other end for receiving
respective ones of a pair of pins 312 that are fastened 
to and project forwardly from the front edge of the 
load-carrying bed 305. The gooseneck 301 has a further 
pair of downwardly projecting locate pins 314 laterally 
spaced apart from one another and which slide in respect 
of ones of guide slots 315 in the upper forward face of 
the load-carrying bed. Attached to the gooseneck 301 is 
also a pair of screw or hydraulic jack units 316 that can 
be detachably connected to the load bed or project 
downwardly into suitable recesses in the bed surface.
From FIG. 5 it will also be observed that the lower end 
of the gooseneck that contacts the load bed surface has a 
curved lower surface with a major portion designated 317 
that slopes upwardly and rearwardly and a minor portion 
designated 318, that slopes upwardly and forwardly from a 
transition point 319. This transition point effectively 
is a fulcrum or pivot point for the gooseneck in 
attachment or engagement with the upper surface of the 
load bed 305.

Connection of the gooseneck to the load bed is 
diagrammatically illustrated in FIG. 4 wherein FIG. 4A 
shows the gooseneck 301 resting flat on the
carriage 100. In this connecting position the suspension 
for the independent wheel units 500 of the wheel 
carriage 100 are in their fully retracted condition, 
i.e., the carriage is fully lowered. The carriage 100 is 
backed into position as shewn in FIG. 4B during which 
time the downwardly projecting guide pins 304 fit into 
the load bed slots 315 guiding the gooseneck into its 
position. Once the links 311 have engaged pins 312 and 
screw jack 316 has been lowered to contact bed, the 
suspension is raised to full height, for example in the 
instant case the preferred height is through use' of 18" 
stroke cylinders. This raises the load bed off the
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ground 18" less the gooseneck deflection and in its
raised state is supported by manually extending screw
jacks 330 carried by the load bed. FIG. 4C illustrates '
the load bed 305 supported by the jacks and the
suspension of the wheeled units 500 is again fully '
retracted, i.e., the carriage is lowered. This causes ■
the gooseneck 3 01 to lower with the carriage fifth wheel
and in so doing, pivots about the crest 319 leaving the
gooseneck lower end 317 and screw jack 316 further above |

the surface of the load bed. In this state the screw 
jacks 316 are extended to pressural engagement with the 
load bed. The suspension of the wheeled units 500 is
raised to the travel position. The jacks 330 have now ;
been raised, as illustrated in FIG. 4D and the load ί
bed 305 is in its raised load-carrying and
hauler-traveling condition. The load of the load bed is
transferred to the front and rear carriages by way of the
respective front and rear goosenecks.

In FIGS. 7, 8 and 9 there is diagrammatically
illustrated, in top plan view, a modified load-carrying
hauler provided in accordance with the present
invention. The hauler of the type illustrated is for
extremely heavy loads of say up to 1M pounds and consists
generally of a load-carrying bed 600 having a forwardly
projecting leg 601, a rearwardly projecting leg 6 02 and a
pair of laterally projecting legs designated ]
respectively 603 and 604. Located one on each of i
opposite sides of each of the forwardly and rearwardly ;
projecting legs 601 and 602 is a hydraulic ,
outrigger 605. Sliding goosenecks, for example 301 ι
and 3 02 project respectively forwardly and rearwardly of .. 1
the vehicle and as illustrated in FIG. 8 the forward ί
projecting gooseneck 301 is attached by a fifth wheel to ·· ?■ ■ | 
a wheeled carriage 100 towed by a tractor 400. ‘ Similarly |
the rearwardly projecting gooseneck as in the FIG. 1

ίs
i
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embodiment is supported by a wheeled rear carriage 200.
In the embodiment illustrated in FIG. 8, the laterally 
projecting arms 603 and 604 are carried by retracted 
sliding goosenecks 303 and 304 attached to two further 
wheeled undercarriages designated respectively 100A 
and 100B, towed by respective tractors '■ . Oh and 400B.

The load carrier illustrated has a forward direction 
of travel to the left as viewed in FIG. 8. To move in a 
direction at right angles and where turning space would 
be a problem, set the hydraulic outriggers. At the 
respective fifth wheel connections disconnect
carriages 100, 100A, 100B and 200. Using tractor 400 
retract goosenecks 301 and 302 and extend goosenecks 303 
and 304. Drive and connect carriage 100A to
gooseneck 301, carriage 100B to gooseneck 302,
carriage 100 to gooseneck 304 and carriage 200 to
gooseneck 303. Retract the outriggers and vehicle is now 
ready to move at 90° to the original FIG. 8 direction.

As previously indicated, at least some of the 
independent wheel axle units are steerable and the system 
to accomplish the same is illustrated generally in 
FIG. 12 with FIGS. 12A and 12B illustrating more details 
of the system. FIG. 13 is a hydraulic schematic for the 
steering.

Referring to FIG. 12, there is illustrated a 
heavy-load hauler of the type shown in FIGS. 1 and 3 
having a first fifth wheel 101 attaching the carriage 100 
to the tractor 400. A second fifth wheel 303 connects 
the gooseneck 301 of the load-carrying platform to the 
front carriage 100 at a position spaced rearwardly from 
the first fifth wheel 101. The front steering system, as 
it will be referred to, is illustrated in FIG. 12A and 
concerns the portion of the vehicle having the first and 
second respective fifth wheels 101 and 303. The rear 
steering portion is with respect to the trailing wheeled
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carriage 200 which as in FIG. 1 supports the
load-carrying portion 300 through the fifth wheel
connection to gooseneck 302, such connection and
arrangement not being shown in FIG. 12. The rear
steering portion is with respect to the steerable wheels 
of the wheeled carriage 200.

Referring to FIG. 12A, the first fifth wheel 101 is 
diagrammatically illustrated in broken line by the bed 
portion 101A carried by tractor 400 of the fifth 
wheel 101. The front steering system is associated with 
that fifth wheel and includes a lever arm 701 pivotally 
attached as by pivot pin 702 to the frame of the wheeled 
carriage 100. A connecting link 703, which is 
selectively adjustable in length, is pivotally attached 
as by pin 704 to the arm 701 and at the other end the 
hydraulic steering valve 718 is ball joint mounted to the 
frame of the tractor 400.

The linkage consisting of a series of link 
members 705 is connected as by a pin 706 to the lever 701 
and at the other end to a first linkage system generally 
designated 710 for steering wheel units 500A and 500E, 
and by a second linkage generally designated 720 for 
steering steerable wheel units 500B and 500F. The 
mechanical linkage 710 includes a lever arm 711 pivotally 
mounted as at 712 and which is pivotally moved thereabout 
by movement of the linkage 705. The lever arm 711 has 
respective links 713 and 714 each connected at one end 
thereof thereto and other end of the respective links is 
connected to collars 510 of the respective wheel
units 500A and 500E. Connected also to these collar 
units are hydraulic power-assist cylinder units 715 
and 716 which are operatively controlled by valve 718. 
Valve 718 is so mounted as to be actuated as the tractor 
turns about the fifth-wheel system. The mechanical 
linkages shown keep the steering system 710 and 720 in



WO 89/10293 PCT/US89/01657

- 15 - .

phase with the tractor turn. The valve 718 hydraulically
powers the wheel units to steer.

The linkage 720 similarly includes a lever arm 722 
pivotally mounted as at 721 and which has one arm thereof 
attached to a link member of linkage 705. Another arm of ■
the lever member 722 has connected thereto respective ΐ
ones of a pair of variable length or adjustable length
links 723 and 724 which are connected to the collars 510, Ϊ
by suitable means, of the respective steerable wheel axis
units 500B and 500F. Power assist in the steering for '
these wheel units is provided by respective hydraulic
cylinder units 725 and 726.

The rear steering system illustrated in FIG. 12B has ,
linkage systems the same as 710 and 720, and these are ;
designated in FIG. 12B generally by the reference
numerals 730, 740, 750 and 760. The linkage system 730
steers wheel axle units 5Ό0Κ and 500Q, the linkage
system 740 steers wheel axle units 500L and 500R, the
linkage system 750 steers wheel axle units 500M and 500S,
and the linkage system 760 steers wheel axle units 500N I
and 500T. The valve 719 and cylinder 717 operate in
association with a second hydraulic cylinder 770 that
phases the front and rear system. Associated with the
hydraulic cylinder 770 is a valve 771 connected directly
to the piston rod 772 of the piston cylinder unit 770.
This is also the case with the valve 718 and ;
cylinder 717. The valve 771 controls fluid supply to and j

from hydraulic steer cylinders 731, 732, 741, 742, 751, !
752, 761 and 762, all of which is apparent from the
schematic for the hydraulics illustrated in FIG. 13. The ,
rear steering system of FIG. 12B is actuated and kept in «
phase by valve 719 and cylinder 717. If, however, the |
rear hydraulic valve 771 should fail valve 719 and f
hydraulic cylinder 717 will still operate the rear
steering system through actuating the hydraulic [
cylinder 770 and having the system work manually. f

, . < , .

’ ' : . ’ 3 ■ : . · ί

: · . / i
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The steerable wheel units, actuated by the respective 
linkages 730, 740, 750 and 760, are all integrated and 
interrelated in their movement by a linkage system 
generally designated by reference numeral 780 and 
includes link arms 781, 782, 783 and 784. These link 
arms mechanically phase the steering of the rear group of 
wheels, i.e., in this case eight units. The hydraulic 
cylinder 770 actuates this linkage through a lever 
arm 772 pivotally attached as by pivot pin 773 to the 
frame of the wheeled carriage. In FIG. 12B it will be 
observed link members 782 and 783 are connected to one of 
the arms of this lever arm 772. The hydraulic 
cylinder 770 is anchored as by a pivot pin 774 to the 
frame 250 of the wheeled rear carriage 200.

Each of the valves 771 and 719 are actuated by 
pressure applied to the piston rod of the cylinder unit 
to which it is attached.

Because the cylinder and valve unit 717, 719 is 
associated with the front carriage and the valve and 
cylinder unit 771, 770 is associated with the rear 
carriage, and such carriages may be separated from one 
another, quick disconnects 790 and 791 are provided in 
the respective hydraulic lines 792 and 793. An 
accumulator 794 of the nitrogen gas type is connected to 
the line 793.

Manual steering control overriding the phased system 
is provided at a control station designated 1000 at the 
trailing end of the trailing carriage where there is an 
operator 1001. While operating manually lock bar 306 
(FIG. 3) is removed and valve 771 FIG. 12B is
disconnected from lever 772. With these removed it
allows carriage 200 to turn about fifth wheel 304 when
the steering system in wheel units 500K, 500L, 500M,
500N, 500Q, 500R, 500S and 500T is actuated. This allows

the vehicle to have a reduced normal steering radius or
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go into a crab steer condition where the whole vehicle 
would move in a side direction. In the manual mode the 
rear end turns independently from the front.

Not all of the wheels under the front and rear 
carriages are steerable. As illustrated in FIG. 12A the 
front carriage axle wheel units 500C, 500D, 500G and 500H 
are locked by respective ones of individual arms 1100. 
Each of the arms 1100 are connected at one end to the 
collar 510 of the wheel axle unit associated therewith 
and the other end as indicated at 1102 is connected to 
the frame of the carriage associated therewith. The link 
arm 1100 is provided with a variable length adjusting 
mechanism 1103.

In the steering system described in the foregoing 
valves 719 and 771 are each a four-way three-position 
hydraulic mechanical steering valve. The valve is 
mounted into the mechanical steering system by way of a 
female thread at one end and a ball joint at the other.
As the mechanical system starts to steer, the force 
activates the steering valve which in turn sends oil to 
the steering cylinders. Cylinders 717 and 770 are 
designed with multiple lips using seal combinations of 
glass reinforced hytrel and glass reinforced nylon to 
insure they are absolutely leak proof. The steering 
cylinders, i.e., 731 and 732 are controlled by the 
cylinder 770. The cylinders 717 and 770 are connected 
for phase steering and as cylinder 770 is activated it in 
turn actuates valve 771 which sends the oil to the power 
steering cylinders. Should the hydraulic system fail 
then cylinder 770 will, through its own force, actuate 
the linkage mechanism for mechanical non-power assisted 
steering. The entire steering is effected when the front 
carriage starts to steer about the fifth wheel 101.

From the foregoing it can be seen there is phased 
power steering for a train-type multi-wheel multi-axle
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unit. It is also seen there is provided detachably 
mounted goosenecks on either a load-carrying bed or the 
load itself.

As for the system illustrated in the FIGS. 7, 8 
and 9, there are three effective front haul units, each 
unit being tied together by the four-point bed designated 
generally by the reference numeral 600. For connecting 
there is a standard fifth wheel utilized with side tilt 
and normally the lead tractor would be used to control 
the steering. At the fifth wheel of the lead tractor 
there is an electronic sensor telling the other drive 
units to turn the required angle to stay in phase with 
the lead tractor. The rear module automatically stays in 
phase with the lead tractor in a manner as described in 
the foregoing with respect to FIG. 12.
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The claims defining the invention are as follows:

1. A load hauler for travelling on conventional road ways to move heavy 

loads, such as construction equipment or the like, from one work site to another, 

said hauler including: a front carriage including a rigid frame supported upon a

5 multiplicity of hydraulically suspended, independent wheel and axle units, said 

wheel and axle units being spaced apart from one another longitudinally along and 

laterally across said frame; a first fifth-wheel coupling at the leading end of said 

front carriage for connecting to a fifth-wheel coupling of a tow vehicle, and a 

second fifth-wheel coupling on said frame at a position spaced rearwardly from 

10 said first fifth-wheel coupling; a rear carriage including a rigid frame supported 

upon a multiplicity of hydraulically suspended, independent wheel and axle units 

spaced apart from one another longitudinally along and laterally across said frame, 

said rear carriage having a third fifth-wheel type or similar coupling thereon 

intermediate the leading and trailing end thereof; a load unit having detachably 

connected thereto a forwardly projecting and a rearwardly projecting pair of 

goosenecks, each of said goosenecks having a fifth-wheel coupling, with the one 

on said forwardly projecting gooseneck connected to said second fifth-wheel 

coupling nn said front carriage and the other to said third fifth-wheel coupling on 

said rear carriage; valved hydraulic circuit means interconnecting the hydraulic 

suspensions of said wheel and axle units selectively to distribute the load equally

.. amongst all of the wheel units and control stiffness of roll of the load about an axis

·,*; lengthwise of said hauler; gas charged accumulator means associated with the• ·• ■ : :
hydraulic suspensions providing a spring suspension system, and wherein at least 

some of the independent wheel and axle units are steerably mounted on the

25 carriage'associated therewith.

2. The load hauler as claimed in claim 1, wherein said valved hydraulic 

circuit means is operative selectively to adjust the height and level of the load.

3. The load hauler as claimed in claim 1 or claim 2, wherein each of said 

front and rear load-carrying carriages have some of the independent wheel and

30 axle units thereon steerable and including hydraulic control circuit means 

interphasing the steering of said front and rear carriages and means actuating said
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hydraulic control circuit means in response to pivotal movement at the respective

first and second fifth-wheel couplings.'

4. The load hauler as claimed in any one of the preceding claims, including 

linkage means detachably connected to said rear carriage and gooseneck associated 

therewith selectively preventing pivotal movement about the vertical pivot axis of 

said fifth-wheel.

5. The load hauler as claimed in any one of the preceding claims, wherein 

said goosenecks are adjustably connected to said load unit to selectively vary the 

downward tilt load-carrying position of the gooseneck relative to the load unit, the 

adjustable connection for each gooseneck including a pivotal means for limited 

pivotal movement about an axis transverse to the length of said hauler and an 

adjustable variable length support interposed between said load unit and 

gooseneck at a position spaced from said pivot axis longitudinally of the hauler.

6. The load hauler as claimed in any one of the preceding claims, wherein 

said load unit includes a work crane to be moved from one location to another and 

wherein one gooseneck is detachably connected to the base of said crane and the 

other gooseneck is connected to a platform of said crane rotatably mounted on said 

base.

7. The load hauler as claimed in any one of claims 3 to 6 including

hydraulic power assisting the steering of said front and rear carriages, said

hydraulic control circuit means interphasing steering of said front and rear

carriages including a first valve-hydraulic cylinder in-line unit anchored

respectively to said frame of said front carriage and load unit so as to be actuated 

by relative pivotal movement about said second fifth-wheel and a second valve- 

hydraulic cylinder in-line unit anchored at one end to said frame of said rear 

carriage at the other end to a linkage mechanism steerably connected to steerable 

wheel units on said rear carriage, and further including lock means selectively 

preventing pivotal relational movement of said rear carriage and gooseneck at said 

third fifth-wheel.

8. The load hauler as claimed in claim 7, including power assist cylinders

zo V\
?MF Sj

<F/
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connected to the linkage means of said steerable wheels and wherein said

hydraulic power cylinders of the rear carriage are actuated by the valve of said

second valve-hydraulic-cylinder in-line unit.

9. The load hauler as claims in any one of claims 4 to 8, wherein said

5 linkage means are power assisted mechanical first and second linkage means, 

respectively on said front and rear carriages and connected to the steerable wheels

associated with a respective carriage, including a hydraulic cylinder unit associated
• · · · ' : : : ! , :• 1 ; ■

···· with said respective carriages.
9 9 9 ■ '
... 10. The load hauler as claimed in claim 9, including fluid flow hydraulic• · ·• ·· ' ' :

• 10··. circuit control means controlling stiffness of roll of the load about an axis length-
····
ί’.’*. wise of the hauler.• ' · ■ :

11. A load hauler for travelling on conventional roadways to move heavy

loads, such as construction equipment of the like, from one work site to another, 
• .

‘ϊ’**ί substantially as described herein with reference to the accompanying drawings.
• · · ·
•T5 · DATED the 29th day of November, 1991

·.**·.; JAMES M. McGHIE & ROBERT D. DIELEMAN

'ϊ’”ί by their Patent Attorneys 

: CALLINAN LAWRIE



3o00
MO

©

SUBSTITUTE SHEET

PC
T/U

S89/01657

zSe-



00

©
to
©
w

SUBSTITUTE SH
EET

,δΟΟΕ^λ ,5006 500H 5000\

304

500R /200
z500S 

500T

FIG. 3

to
6

PCT/US89/01657



WO 89/10293 PCT/US89/01657
3/10

FIG.4A
, Ή ,— L ς—- 7- -Λ I

Wrr^^TTTrrriU^MT’nrrmTf.r/.rr^vvrr,·^·

FIG.4B L Α

•330

FIG.4C
■’'.VWS'T’/'y·/ JM1H ,\

/ /rQxWrrrWvQ\y$r ’’VeW'^W  ̂ //λτιλΜμ/ r λι·\\vFIG.4D

■χ/-3ΐ6 FIG. 5
Ji /305

,,1 'V

-izh-

'•Vzz^'.^.’z.yAW'-xtHx
'314 3||’'312 '315'314

"X\ -318 F17 
Or --/δ 
l=zJL-·’

M
\ '319 \

'330

FIG.6

£ Π..Ι 
it 1 
11..1 

-U-4

315 y
_l_s

—
;:3I4

ί iR

it >
11 Ί

K’* t^w·XiSiTSO^STSTUT©’J ·■ w ii w */i iLJ,



400.

til
c

?T

» ι
pc.

h
H
ω

r-i
Si FIG. 7

W
O

 89/10293 
PCT

/US89/01657



WO 89/10293 PCT/US89/01657
5/10

»wr» ττ U .·*> β ?*4 - »W *? ί a :τJWn Ii t β



Ο

SUBSTITUTE SH
EET

89/10293 
PC

T/U
S89/01657

τπττπτ

0
3
3

----------------- J c
£

o

Ϊ

J
3

<
sL_

> C
■»

s

L.

σ\
o

FIG. 12

,/



SUBSTITUTE SHEET

ΓΞΞΞΙ ΕΞΞΖ1 
□:=1,5oog Cm 5οοη4ΞΠΏ

-HOI
-noo sf--- 1

-1103 ^-’iioo

IIOOg
1100 -----

3/500C
>1 500DzQlZl

r500E

T|O«A K7°6

FIG. 12 A
EZZZD

6

ΕΖΣΞ1

W
O

 89/10293 
PC

T
/U

S89/01657



SUBSTITUTE SH
EET

500 0·» 500P·? 500Q?

FIG. 12 B

W
O 89/10293 

PCT
/US89/01657



SUBSTITUTE SH
EET

790

FIG.13

W
O 89/10293 

PC
T/U

S89/01657
9/10



FRONT SUSPENSION REAR SUSPENSION

RIGHT SIDE OF VEHICLE a

SUBSTITUTE
 SHEET

jjho
<500Ε

0,610 100-7 0 

B 612"BJ1R0 500G«Q '500F
611Β ί

ΛΚΗΙΟ(500H 612
DD^OD', zM 

5000 '500P 500S 50OT

LEFT SIDE OF VEHICLE ί eT

I'6

1

Jiirtit)f500A JKFHJDf500B /MID
(500C

1
ΛΜ
‘500D

TO p6Q4 

6Q56Q? 602

Γη?
606 .r

2@i
T5

ι600Α*

"Ί-1 FIG. 14

zM /KM® '5001 “dOOT
ΛΙΜ00‘500K MD

500L
iWKblM] 500M2 '500N

i-yw-KE
λ600Β

o
5

PC
T/U

S89/01657



INTERNATIONAL SEARCH REPORT

International Application No. PCT /US 8 9 / 0 1 6 5 7
4

According to International Patent Classification (IPC) or to both National Classification and IPC

IPC (4) : B62D 53/08
U.S. CL.: 280/408, 411.1, 426, 442

II. FIELDS SEARCHED

I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all)

Minimum Documentation Searched 7
Classification System

U.S.

Classification Symbols

280/408,410,411.1,419,423.1,425.1 , 426, 442, 445,404, 
405.1; 105/82,164,194,195,209

Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched 0

III. DOCUMENTS CONSIDERED TO BE RELEVANT 9

Category 1 Citation of Document, h with indication, where appropriate, of the relevant passages '2 Relevant to Claim No.13

X
Y

US, A, 3,438,652 (Hoffacker)
25 January 1967, See entire document

US, A, 4,441,730 (Damm)
14 April 1984, See column 3 1st paragraph

US, A, 3,439,630 (Cope)
22 April 1969, See column 3 last paragraph

US, A, 4,111,451 (Pinto)
05 September 1978, See column 8 
2nd paragraph

US, A, 3,450,283 (Helland)
17 June 1969, See columns 3 and 4

US, A, 2,759,737 (Manning)
21 August 1956

US, A, 4,262,923 (Weir)
21 April 1951

US, A, 2,687,225 (Martin)
24 August 1954

3-5,8-11

4

5,10,11

8,9

• Special categories of cited documents: 10
“A” document defining the general state of the art which is not 

considered to be of particular relevance
*'E” earlier document but published on or after the international 

filing date
"L" document which may throw doubts on priority claim(s) or 

which is cited to establish the publication date of another 
citation or other special reason (as specified)

• "O” document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but 
later than the priority date claimed

"T” later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention

”X“ document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step

“Y” document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu
ments, such combination being obvious to a person skilled 
In the art.

"V’ document member of the same patent family

IV. CERTIFICATION
Date of the Actual Completion of the International Search

17 July 1989

Date of Mailing of this International Search Report

01 AUG 1989
International Searching Authority

ISA/US

Signature-of,Authored Officer ?

Richard M. Camby "
Form PCT/ISA/210 (second sheet) (Rev.11.87)



International Application No.
PCT/rTSR9/m «67

III. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET)

Category · Citation of Document, with indication, where appropriate, of the relevant passages Relevant to Claim No

A US, A, 2,907,576 (Hutchens), 06 October 1959.

Form PCT/ISA/210 (extra sheet) (Rev.11-87)


