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'* The present
invention relates to a
wheel grid assembly and
vehicle towing apparatus.
The wheel grid assembly
includes a wheel boom
(26) and a pair of lift
{ arms (31). Each lift arm
consists of an extension
arm segment (32) and an
engaging arm segment
(33) pivotally mounted
to the extension arm
| segment. Each engaging
arm segment consists of
an actuating arm segment
(35) and a gripping arm
segment (34) extending in
opposite directions from
the pivot point. A pair of
| linear actuators (41) rotate
the engaging arm segments
| about their pivot points
to engage the wheels of a
vehicle to be towed. Each
linear actuator is attached
10 a respective engaging arm
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LOCKING MECHANISM FOR TOW TRUCK WHEEL LIFT

FIELD QOF THE INVENTION

This application is based on United States

Provisional Application Serial No. 60/023,739, filed
on August 8, 1996,

BACKGROUND OF THE INVENTION
The present invention relates to tow trucks, for
towing a disabled automobile, and more particularly
to a tow assembly for tow trucks which engage and

lift the two front wheels or the two rear wheels of
an automobile.

Tow trucks, for towing disabled automobiles by
lifting either the front or rear wheels off the
ground, and towing the partially-lifted automobile on
1ts remaining two wheels, have long been used. The
more modern and readily used types of tow trucks are
known as a "wheel-lift" tow trucks. A wheel lift tow
truck engages and lifts the vehicle to be towed at
either its front or rear wheels (tires).

Wheel-1lift tow trucks generally employ a tele-
scoping or folding main boom element attached to the
rear of the truck and extending rearwardly from or
out beyond the truck's rear deck (the space between
the rear of the cab and the rear bumper). The boom
Or crane element represents the main lifting or
leverage component for lifting one end of the vehicle
to be towed. Such tow trucks also utilize a wheel
engaging apparatus, hereinafter referred to as the
wheel grid, for engaging and holding the front or
rear wheels of a vehicle. The wheel grid typically
consists of a cross arm or wheel boom pivotally
attached to the end of the main boom, and wheel
retainers or lifting arms for engaging the wheels of
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the vehicle to be towed. When positioning the system
for towing, the wheel boom is maneuvered into a
position against the tread of the tires and the
lifting arms are then locked into a position securing
the tires in place against the wheel boom.

Examples of such a wheel-lift tow truck include:
Youngblood, U.S. Patent Nos. 4,186,938 and 4,194,755;
lLLoCodo, U.S. Patent No. 4,264,262; Lind, U.S. Patent
No. 4,473,237; Brown, U.S. Patent No. 4,473,334;
Russ, U.S. Patent No. 4,564,207; Capers et al., U.S.
Patent No. 4,678,392; Muller, U.S. Patent No.
4,701,099; Carey, U.S. Patent No. 4,741,661; Brown,
U.S. Patent No. 4,761,111; Shoup et al., U.S. Patent
No. 4,797,057; Nespor, U.S. Patent No. 4,827,315;
Schardt, U.S. Patent No. 5,013,205; DeMichele et al.,
U.S. Patent No. 5,013,209; Franken et al., U.S.
Patent No. 5,259,572; Elfstrom, U.S. Patent No.
5,302,074; Russ, U.S. Patent No. 5,326,216; Curten,
U.S. Patent No. 5,336,037, Weller, U.S. Patent No.
5,350,271; Wern, Canadian Patent No. CA 2069809-A;
and Jones, UK Pat. App. GB 2 238 290 A.

Wheel-1lift tow trucks were introduced to
minimize the potential for damage caused by crane and
hook or sling type tow vehicles. These early model
row trucks became ineffective at safely and reliably
towing newer model automobiles due to lower chassis
heights, new bumper designs and air-dams. Various of
the above mentioned prior art references, however,
still exhibited limitations such as inability to
utilize the truck's rear deck, potential damage toO
the automobile by engagement with the wheel grid
and/or the main boom (this is more prevalent with
vehicle designs exhibiting a substantial overhang of
the body or chassis beyond the front and/or rear
axle), lack of sufficient maneuverability of the main
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and wheel booms for tow positioning, and tipping of
the tow truck due to the weight of the vehicle in
tow. Shoup et al., U.S. Patent No. 4,797,057,
provides a wheel lift type tow truck, having an
5 extensible main boom and a motor and linkage for

raising and lowering the main boom, which fully
addresses these limitations, and is incorporated by
reference herein.

The prior art also lacks efficient safety or

10 locking mechanisms for securing the towed vehicle
within the wheel grid. With the hydraulic actuator
configuration of Capers, supra, for example, a loss
of hydraulic power would release the wheel supports
(l11£t arms in the present invention) and enable the

15 vehicle in tow to disengage from the lateral extens-
ion assembly (wheel grid in the present invention),
and drop from the tow vehicle. The employment of a
safety locking mechanism would be essential to guard
against this dangerous potential.

20 Some references employ various types of locking
mechanisms which, however, fail to achieve the advan-
tages of the present invention. Carey, supra,
discloses a manually operable latch means with a
spring biased, slidable latch bolt which when in a

25 locked position engages a notch in an adjacent pivot
plate and thereby locks the wheel restraint assembly.
Additionally, Nespor, supra, employs a pin lock which
utilizes a pin inserted through a hole in a shoe at
the end of the cross bar (wheel boom) which engages

30 one of several notches in the tire retaining member
(l1ft arm) and thereby locks the retaining member in
place around the tire. Such locking mechanisms, how-
ever, unlike the present invention, require manual
engagement, adding extra steps to the towing pro-

35 cedure and introducing additional human error into
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the safety of Che towing process.

The present invention overcomes these limit-
ations by providing an over-center locking mechanism
which autcmatically secures the wheel engaging arms
of the wheel grid in place without the assistance cof
the actuating mechanisms (hydraulic cylinders, screw
drives, or the like). This over-c¢enter locking
mechanism regquires no manual engagement or extra
steps beyond the normal procedure for engaging,

lifting and towing the target automobile. Engagewent

of the lift arms and wheel boom with the wheels ot
the vehicle to0 be towed automatically sets the over-
center lodking mechanism without the continued
support of the linear acrtuatorxrs. The present
invention furcher provides a reverse tilt lock or
position lock which may serve as either a back-up or

primary security system. The position lock, like the
over-center lock, is automatic and requires no manual

engagement..

The present invention further provides a wheel
spacer which adapts the wheel boom for smaller sized
wheels and flat tires. The wheel spacer adjusts the
space between the parts of the wheel grid which
engage the wheel of the vehicle to be towed. This
wheel spacer engages wheelg of varying sizes more
efficiently than wheel grids disclosed in the prior
art. The wheel spacer also positions the wheels of
the vehicle in tow in a manner producing masximum

ground clearance and maximum clearance between the
underside of the vehicle in taw and the wheel grid
itself, These increased clearances reduce the risk
of damage to the vehicle during the towing process.
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BRIEF SUMMARY OF THE INVENTION

According to the present invention there is provided a wheel-grid

assembly comprising:

a wheel boom;

a pair of lift arms each having an
excension arm segqment and an engaging arm segment,
with said extension arm ségments being relatively
transversely attached to the wheel boom at positions
disposgsed to fir between front or rear whesls of a
vehicle to be towed, and with each engaging arm
seqgment pivotally attached to a respective extension
arm segmant; and

a pair of linear actuators eadh having a
fixed arm segment and movable arm segment, Iwith each
fixed arm segment pivotally attached ta the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging'arm.séément; and

wherein each over-center locking mechanism
locks the respective engaging arm segment in a
position engaging a front or rear wheel cof the

vehicle to be towed without aid of force from the
linear actuateor; and

wherein said wheel boom and said extension
arm segments are situated in a plane, and said
engaging arm segments are positioned at an upward
angle with respect to said plane.

According to the present invention there is also provided a wheel-
grid assembly comprising:
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a whael boow;
a pair of lift arms each having an

extension arm sSegment and an engaging arm segment,
with said extension arm sequments being relatively
transversely attached to the wheel hoom at positions
dispeosed to fit between front or rear wheels of a
vehicle to be towed, and with each engaging arm
segment pivotally attached to a respective axtension
arm Seqment; and

a pair of linear actuators each having a
fixed arm segment ané movable aym ségment, with each
fixed arm segment pivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over~centér locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging arm segment; and |

wherein each over-center locking mechanism
comprises a means for preventing the over-center
locking mechanism from reaching an over-center
locking position while the respective engaging arm
sequent 18 in an open pesition; and

wherein each over-center locking mechanism
locks the respective engaging arm segment in a
position engaging a front or rear wheel of the

vehicle to be towed withaut aid of force from the
linear actuator,

The upward angles prevent the engaging arm segments from
contacting the ground while pivoting from the open position to the closeq or
wheel engaging position during the loading of the vehicle to be fowed.

Preferably, linear actuators, such as hydraulic cylinders, are
provided for moving the engaging arm segments into a wheel engaging position
for lifting an end of the vehicle to be towed. Each linear actuator connects 1o an
over-center locking mechanism for locking the engaging arm segment in a
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wheel-engaging position, and thereby locking the engaging arm segment without
aid of force from the linear actuator.

Preferably, the over-center locking mechanism consists of a
linkage apparatus whereby full extension of the linear actuator positions the
linkage apparatus in a locking pasition, such that outward pressure hy the wheel
against the engaging arm segment forces said linkage apparatus in the direction
of the locking position. The linear aciuator specifically connects to an actuating
link having one end pivotally attached to the lift arm's extension arm segment
and the other end pivotally attached to one end of a connecting link. The ather
end of the connecting link is then pivolally attached to the lift arm's engaging
arm segment. The linkage is configured such that full extension of the linear
actuator positions the pivot point between the actuating link and the connecting
ink beyond 180 degrees (over-center) so that outward pressure by the wheel
against the engaging arm segment forces the linkage apparatus in the direction
of the locking position. Additionally, the connecting link is shaped such that it
includes a lobe which prevents the over-center locking mechanism from entering
an aver-center locking condition when the engaging arm segment is in an open
position,

Preferably, the present invention further provides an automatic
linear actuator control line retractor assembly and a wheel grid selfcentering
device. The control line retractor assembly is attached to the telescopic main
boomn and automatically draws in the linear actuator control lines during
retraction of the main boom. The c¢ontrol line retractor assembly consists of a
pulley, a conhecting cable and a spring loaded dispensing reel which enables
automatic retraction of the linear actuator controi lines during retraction of the
telescopic main boom. The wheel grid self -centering device consists of a spring
mechanism which places tension on the wheel boom which forces the wheel
grid towards a transverse position with respect to the main boom.

Preferably, the present invention further provides a position lock
mechanism with a switch such that when the wheel grid is in a raised or towing
position the switch i$ in a non-depressed or open position preventing actuation
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of the linear actuators. Consequently, with the main boom a raised or towing
position, the lack of power to the linear actuators locks the engaging arm
segments in a closed or wheel-engaging position. When the main boom is

lowered to a loading position, the switch is depressed or closed which permits
the flow of power to the linear actuators.

Additionally and preferably, the present invention includes a wheel
spacer with a wheel engaging surface and pins for attaching the wheel spacer to

the wheel grid. The wheel spacer also includes a spring loaded latching pin,
extending through the right and left edges of the wheel spacer and a gripping
means at one end. A spring located just inside the edge of the wheel spacer

forces the latching pin through a hole in the extension arm segment and latching
the wheel spacer in place. The wheel spacer adjusts the size of the lift arm to
accommodate variations in wheel size and flat tires.

According to the present invention, there is zlso provided a tow
assembly for lifting a vehicle's front or rear end, comprising:

a telescopic boom connected to said tow
assembhly;

a wheel grid assembly pivotally connected
L0 said telescopic boom, said wheel grid assembly
comprising:

a pair of 1ift arms each having an
extensgsion arm segment and an engaging arm segment,

with said extension arm segments being relatively
transversgsely attached to the wheel bhoom at pesitions

disposed to fit between front or rear wheels 9f a
vehicle to be towed, and with each engaging arm

segment pivotally attached to a resgspective extensicn
arm segment; and

a pair of linear actuaters each having a
fixed arm segment and movable arm segment, with each
fixed arm.ségmentjpivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
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guer~center locking wmechanism, and with each over-
center locking mechanism attached to a respecgtive
engaging arm segment; and

wherein each over-center locking mechanism
comprises a means for preventing the over-center
locking mechanism £rom reaching an over-center
loqk:i.ng position while the respec¢tive engaging arm
segment is in an apen position; and

wherein each over-center locking mechanism
locks the respective engaging arm segment in a
position engaging a front or rear wheel of the

vehi:le‘ to bha towed without aid of force from the
linear actuatror.

According to the present invention, there is also provided a tow
truck for lifting a vehicle's front or rear end, and for transporting said vebhicle,

comprising:

a tow trxuck chassis including a hed frame
and a deck situated above said bed frame;

a tow assembly connected to said truck
chassis for lifting a vehicle's front or rear end by
its front or rear wheels, said tow assemhly
comprising:

| a telescopic boom connected to salid tow
azsemhly;

a wheel grid assembly pivotally connected
to said telesccpic boom, said wheel grid comprising:
-a pair of lift arms each having an

extengion arm segment and an engaging arm segment,
with said extension arm segments being relatively
crangversely attached ta the wheel boom at pogitions

disposed to f£it between front or rear wheels of a
vehicle to be towed, and with each engaging arm

segment pivotally attached Lo a respective extension
arm segment; and

a palr of linear actuators each having a
fixed arm segment and movable arm segment, with sach
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fixed arm segment pivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging arm gegment; and

wherein sach over-center locking mechanism
comprises a means for preventing the over-center
locking mechanism from reaching an over-center
locking position while the respective engaging érm
segment is in an open position; and

wherein each over-center locking mechanism
locks the respective engéging arm segment in a

positicn engaging a front or rear wheel of: the

vehicle to be towed without aid of force from the
linear actuator.

Tha present invention provides advantages over
the prior art by using an over-center locking mechan-
ism which automatically locks the wheels, of a
vehicle in tow, within the lift arms of the wheel
grid without the aid of force from the linear
actuators. The invention thereby provides a safety
mechanism which, in the event of a failure of the
linear actuators, the vehicle in tow will remain
locked in place on the wheel grid. The present
invention further improves over the prior art by
teaching an alternative positien locking mechanism,
which may be employed ‘as either a primary laock, or as
a secondary safety system in addition to the over-
center locking mechanism. Additionally, the present
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invention discloses a wheel spacer which i1mproves
over the prior art by adding adjustability to accom-
modate wheels of varying sizes, including flat tires,
and maximizes ground clearance, and the clearance
5 between the vehicle and the wheel grid which, reduces
the risk of damage to the vehicle in tow.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is an isometric view of a tow truck

incorporating the wheel grid of the present
10 invention.

Fig. 2 1s an 1isometric view of a car carrier in
accordance with the present invention and incorporat-
ing the wheel grid of the present invention.

Fig. 3 is a detailed partial side view of a tow

15 truck chassis.

Fig. 4 1s a detailed side view of a tow assembly

for attachment to a tow truck attached to an extend-

ible boom.
Fig. 5 1s an 1sometric view of an extendible

20 boom.

Fig. 6 1s a top view of a preferred embodiment
of a wheel grid in accordance with the present
invention.

Fig. 7 1s a detailed top cut-away view of the

25 over-center locking mechanism of the present inven-
tion, depicted in 1ts locked position.

Fig. 8 1s an isometric view of Fig. 5, depicted
with a top plate covering the over-center locking
mechanism within the extension arm segment of a

30 1lifting arm.

Fig. 9 1s a detailed top cut-away view of the
hydraulic cylinder linear actuator.

Fig. 10 1s a detailed top cut-away view of the
screw drive linear actuator.

35 Fig. 11 1is a detailed side view of the automatic
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linear actuator control line retractor assembly.

Fig. 12 1is a top cut-away view of the wheel grid
selfcentering device.

Fig. 13 1s an isometric view of the wheel grid
5 self-centering device.
Fl1g. 14 is a detailed side view of the automatic
linear actuator control line retractor assembly with
the grid lock-out switch.

Fig. 15 is a detailed view of the grid lock-out
10 switch.

Fig. 16 1is a detailed view of the limit switch
and actuating bar.

Fig. 17 is a detailed top view of a left wheel
spacer.

15 Fig. 18 is a detailed top view of a right wheel
spacer.

Fig. 19 is a detailed top view of the wheel grid
with wheel spacers in place.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Referring now to the drawings, wherein like or
corresponding reference numerals are used for like or
corresponding parts throughout the several views,
there is shown in Figs. 1 and 2, a wheel-lift type of
tow truck 20 having an extensible telescopic main

25 boom 21 and a tow assembly 22, including a motor and
linkage, for raising and lowering the main boom 21.
The Eow truck 20 of the present invention includes a
truck chassis, shown in Fig. 3, with a bed frame 23
made up of spaced frame members 23A and 23B, and a

30 deck assembly 24 situated upon the bed frame 23. The
tow assembly 22 1s shown in Fig. 4 attached to the
main boom 21. Fig. 5 shows the main boom 21.
Attached to the end of the main boom 21 is a wheel

grid assembly 25 for engaging either the front or
35 rear wheels of the vehicle to be towed.
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Referring now to Fig. 6, there 1s shown a wheel
grid assembly 25 in accordance with the present
invention. In this first embodiment the wheel grid
assembly 25 includes the wheel boom 26 having, at the

5 center thereof, a forwardly extending mount bracket
27 in the center of which there 1i1s the bearing 28; a
pin 29, serves to pivotally connect the wheel boom 26
to the bearing 28, thereby pivotally connecting the
wheel grid assembly 25 to the main boom 21 for
10 movement through substantially 180 degrees.

The lift arms 31A and 31B each include extension
arm segments 32A and 32B, extending rearwardly and
relatively perpendicularly to the wheel boom 26. The
engaging arm segments 33A and 33B are pivotally

15 connected at the rear or outer ends, remote from the
wheel boom 26, of the extension arm segments 32A and
32B. The engaging arm segments 33A and 33B consist
of actuating arm segments 35A and 35B and gripping
arm segments 34A and 34B extending in relatively

20 opposite directions from the pivot point of the
engaging arm segments 33A and 33B. The engaging arm
segments 33A and 33B form pivoting arms that are
pivotally connected to over-center locking mechanisms
40A and 40B at the ends of the actuating arm segments

25 35A and 35B.

~The wheel boom 26 and the extension arm segments
32A and 32B are situated in a plane 6, as i1llustrated
in Fig. 8. The engaging arm segments 33A and 33B are
positioned at upward angles 7 with respect to the

30 plane 6. The upward angles 7 prevent the engaging
arm segments 33A and 33B from contacting the ground
while pivoting from the open position to the closed
or wheel engaging position during the loading of the
vehicle to be towed. The upward angles 7 approxi-

35 mately range from 1°-5°, and preferably approximately
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range from 2°-3°,

The engaging arm segments 33A and 33B are
pivoted by actuation of the linear actuators 41A and
41B. The linear actuators 41A and 41B consist of
fixed arm segments 36A and 36B and movable arm
segments 37A and 37B. One end of each of the fixed
arm segments 36A and 36B 1s pivotally attached to the
extension arm segments 32A and 32B, respectively, and
the movable arm segments 37A and 37B extend through
the opposite ends of the fixed arm segments 36A and
36B. The end of each of the movable arm segments 37A
and 37B, that extends out from the respective fixed
arm segment 36A or 36B, 1s pivotally attached to the
respective over-center locking mechanism 40A or 40B.
The linear actuators 41A and 41B are powered such
that extension of the movable arm segments 37A and
37B rotates the engaging arm segments 33A and 33B
about their pivot points, from an open position
(non-engaging position), illustrated by the left 1lift
arm 31B of Fig. 6, to a closed position (wheel-
engaging position), illustrated by the right lift arm
31A of Fig. 6.

The linear actuators 41A and 41B maneuver the
l1ft arms 31A and 31B between the open and closed
positions and automatically lock the 1lift arms 31A
and 31B, when in the closed position, through the
over-center locking mechanisms 40A and 40B. The
over-center locking mechanisms 40A and 40B each
consists of a linkage apparatus whereby full extens-
ion of a linear actuator's movable arm segment
positions the linkage apparatus in a locking posit-
ion, such that outward pressure by the wheel of a
vehicle in tow against the engaging arm segment
forces the linkage apparatus toward the locking
position. The locked or wheel engaging position is

PCT/US97/15288
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therefore automatically maintained without the aid of
the linear actuators 41A and 41B.

In this first embodiment, as i1llustrated in
Figs. 6 and 7, the linear actuators 41A and 41B

5 specifically connect to actuating links 38A and 38B.
One end of each actuating link 38A and 38B 1is pivot-
ally attached to the respective extension arm segment
32A or 32B, and the other end is pivotally attached
to one end of the respective connecting link 39A or

10 39B. The other end of each of the connecting links
39A and 39B 1s pivotally attached to the respective
engaging arm segment 33A or 33B. The linkages are
configured such that full extension of the linear
actuators' movable arm segments 37A and 37B rotates

15 the linkages to a position where the pivotal joint
between the actuating links 38A and 38B and the
connecting links 39A and 39B are situated at or
beyond the 180 degree point (over-center). Conse-
quently, outward pressure by the wheels of a vehicle

20 in tow against the engaging arm segments 33A and 33B
forces the linkages of the over-center locking
mechanisms 40A and 40B toward their locked positions.
The locked or wheel-engaging position 1s therefore
automatically maintained without the aid of the

25 linear actuators 41A and 41B.

Additionally, the connecting links 39A and 39B
are ;haped such that they include lobes 5A and 5B at
the ends attached to the engaging arm segments 33A
and 33B. The lobes 5A and 5B prevent the over-center

30 1locking mechanism from entering an over-center lock-
ing condition while the engaging arm segments 33A and
33B are in open positions. In other words, as illus-
trated by the left lift arm in Fig. 6, when the
engaging arm segment 33B 1s 1n an open position, the

35 1l1lobe 5B comes in contact with the extension arm
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segment 32B and prevents the over-center locking
mechanism 40B from achieving an over-center position.
I the over-center locking mechanisms were permitted
to achieve an over-center condition in the open

5 position, such would undesirably lock the engaging
arm segments 32A and 32B in the open position.

In the closed or engaging position, the over-
center locking mechanisms 40A and 40B automatically
obtain a locked position whereby release of the

10 engaging arm segments 33A and 33B cannot occur
without actuation of the linear actuators 41A and
4lB. In other words, to release the engaged wheel of
the vehicle in tow, the linear actuators 41A and 41R
must be powered to retract the movable arm segments

15 37A and 37B which thereby unlocks the over-center
locking mechanisms 40A and 40B and rotates the
engaging arm segments 33A and 33B to the aforemen-
tioned open position.

Variations of the above described embodiments

20 are possible. For example, the linear actuators may
consist of a number of different linear control
devices. One configuration, as illustrated in Fig.
9, may employ a hydraulic cylinder 42 as the linear
actuators 41A and 41B. Each hydraulic cylinder 42

25 would consist of a hydraulic bushing 43 (fixed arm
segment) and a hydraulic piston 44 (movable arm
segment). The hydraulic cylinder 42 operates from a
pressurized hydraulic system commonly known to those
skilled in the art. Hydraulic fluid within the

30 hydraulic bushing 43 actuates the hydraulic piston 44
through variation of the hydraulic fluid pressure.
The hydraulic fluid flows through linear actuator
control lines 51A and 51B. The embodiment utilizing
hydraulic cylinders 42 would be configured with

35 respect to the entire wheel grid assembly 25 as
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described above.

In another variation of the present invention,
as 1llustrated in Fig. 10, the linear actuators 41A
and 41B each could consist of a linear screw drive

5 45. Each screw drive 45 would consist of a threaded
bushing 46 (fixed arm segment) and a threaded shaft
47 (movable arm segment). The screw drive 45 employs
an electric motor 48 for actuation by spinning the
threaded bushing 46, which in turn either extends or

10 retracts the threaded shaft 47 depending on the spin
direction. The electric motor 48 is powered through
linear actuator control lines 51A and 51B. The
embodiment utilizing screw drives 45 would be
configured with respect to the entire wheel grid

15 assembly 25 as described above.

Referring now to Figs. 12 and 13, another vari-
ation of the present invention discloses a wheel grid
self-centering mechanism 80. The wheel grid self-
centering mechanism 80 consists of a spring 81 with

20 one end attached to the telescoping end of the main
boom 21, and the other end centrally attached to the
wheel boom 26. Rotation of the wheel grid 25
stretches the spring 81 and creates a tension force
drawing the wheel grid 25 towards 1its center or

25 transverse position with respect to the main boom 21.
The positioning of the wheel grid 25 will consequent-
ly be biased towards 1ts center or transverse pos-
1tion with respect to the main boom 21.

In yet, a further variation of the present

30 1invention, as illustrated in Fig. 11, an automatic
linear actuator control line retractor assembly 50 1is
disclosed. This control line retractor assembly 50
attaches to the telescopic main boom 21, and auto-
matically draws in the linear actuator control lines

35 51A and 51B. The control line retractor assembly
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50 consists of a pulley 52 attached, via a connecting
cable 54, to a spring loaded dispensing reel 53. The
spring loaded dispensing reel 53 is in turn attached
to the main boom 21. 1In operation, as the telescopic
5 maln boom 21 is extended the linear actuator control
lines 51A and 51B drag the pulley 52 in the direction
of the extension of the main boom 21, which in turn
draws the connecting cable 54 out from the spring
loaded dispensing reel 53. Then as the main boom 21
10 1s retracted, the connecting cable 54 is reeled in
through the recoll action of the spring loaded dis-
pensing reel 53, which in turn draws the pulley 52
and the linear actuator control lines 51A and 51B
back in the direction of the retracting main boom 21.
15 In yet an additional variation, the present
invention discloses a position lock mechanism 80, as
lllustrated in Figs. 14, 15 and 16, whereby the
engaging arm segments 33A and 33B are either locked
or unlocked depending upon the position of the wheel
20 grid assembly 25. This mechanism locks the engaging
arm segment 33, in a locked or wheel-engaging posi-
tion while the wheel grid assembly 25 is in a raised
or lifting position. The position lock mechanism 80
may be employed as either the primary locking mechan-
25 1sm or as a back-up or secondary locking mechanism in
addition to the over-center locking mechanism.
_One embodiment of the position lock mechanism
80, as depicted in Fig. 15, consists of a grid lock-
out switch 81 with an actuating button 82. The grid:
30 lock-out switch i1s located in one of the linear
actuator control lines and regulates the actuation of
the linear actuators 41A and 41B based on the posi-
tion of the main boom 21. When the main boom 21 is
ln a raised or towing position, the grid lock-out
35 button 82 is 1n a non-depressed or open position and
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power to the linear actuators 41A and 41B 1is cut-off.
The grid lock-out switch may comprise a number of
different configurations depending on the type of
linear actuators 41A and 41B utilized. One
configuration may consist of a mechanical valve
wherein the open position obstructs the flow of
hydraulic fluid to the hydraulic cylinder linear
actuators 42A and 42B. Another configuration could
consist of an electrical switch wherein the open
position cuts off electrical power to the screw drive
linear actuators 45A and 45B. Consequently, with the
main boom 21 in this raised or towing position, the
lack of power to the linear actuators 41A and 41B
locks the engaging arm segments 33A and 33B 1in a
locked or wheel-engaging position. When the main
boom 21 is lowered to a locading position, contact
with the ground depresses the actuating button 82
which permits the flow of power to the linear actu-
ators 41A and 41B. The linear actuators 41A and 41B
are then operable and the gripping arm segments 33A
and 33B may be freely opened and closed as described
above.

In an additional embodiment of the position lock
mechanism 80, as depicted in Fig. 16, a limit switch
83 1s attached to the hydraulic 1lift cylinder 85.

The limit switch 83 is activated by an actuating bar
84 attached to the yoke 86. When the hydraulic lift
cylinder 85 1s retracted and the main boom 21 is in a
raised or towing position, the actuating bar 84
releases the limit switch 83 to an open or non-
depressed position which prevents actuation of the
linear actuators 41A and 41B (i1.e., 1n the case of
hydraulic linear actuators, an open position of the
limit switch prevents the control signals from
reaching the hydraulic control valves, and in the
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case of screw drive linear actuators, the open
position of the limit switch prevents the control
signals from reaching the screw drives).
Consequently, with the main boom 21 in a raised or
towing position, the lack of power to the linear
actuator controls prevents actuation of the linear
actuators 41A and 41B and thereby locks the engaging
arm segments 33A and 33B 1n locked or wheel-engaging
positions. When the hydraulic lift cylinder 85 is
extended and the main boom 21 is in a lowered or
loading position, the actuating bar 84 depresses the
limit switch 83 which permits actuation of the linear
actuators 41A and 41B. The linear actuators 41A and
41B are then operable and the gripping arm segments
33A and 33B may be freely opened and closed as
described above.

In yet another embodiment, the present invention
provides wheel spacers 90A and 90B, as depicted in
Figs. 17 and 18 (Fig. 17 illustrates a left wheel
spacer 90B and Fig. 18 illustrates a right wheel
spacer 90A). The wheel spacers 90A and 90B comprise
wheel engaging surfaces 91A and 91B and top edges 92A
and 92B, respectively. Attached to the top edges 92A
and 92B, the wheel spacers 90A and 90B each contain
two pins 93A and 93B extending parallel to the top
edges 92A and 92B. The pins 93B on the left wheel
spacer 90B extend toward the left and the pins 93A on
the right wheel spacer 90A extend toward the right as
shown in Figs. 17 and 18, respectively.

The wheel spacers further comprise right edges
94A and 94B and left edges 95A and 95B. Spring
loaded latching pins 97A and 97B extend through both
the right and left edges 94A and 94B, and 95A and
95B, respectively, and include gripping means 96A and
96B at one end. The latching pins 97A and 97B
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protrude beyond both the left and right edges, 94A
and 94B, and 95A and 95B, respectively. The gripping
means 96B 1s located at the end of the latching pin
97B protruding through the left edge 95B, and the
5 gripping means 96A 1is located at the end of the

latching pin 97A protruding through the right edge
95A. The latching pins also include springs 98A and
98B, located just inside the left edge 95B and just
inside the right edge 94A, respectively. The springs

10 58A and 98B are locked in place with locking rings
99A and 99B with spring tension forcing the latching
pin 97B toward the right and forcing the latching pin
97A toward the left.

Referring now to Fig. 19, the wheel spacers 90A

15 and S0B slip in place by inserting the pins 93A and
93B into the slot rings 100A and 100B on the rear
edge of the wheel boom 26. The wheel spacers rotate
downward into place and the protruding end of the
spring loaded latching pins 97A and 97B, without the

20 gripping means 96A and 96B, extend through a hole in
the extension arm segments 32A and 32B, and latch the
wheel spacers 90A and S0B in place. The spring
loaded latching pins 97A and 97B merely latch the
wheel spacers 90A and 90B in place, while the top

25 surtface of the wheel boom 26 provides the main
support for the wheel spacers 90A and 90B.

Of course, it should be understood that a wide
range of changes and modifications can be made to the
preferred embodiments described above. It is

30 therefore intended that the foregoing detailed
description be regarded as illustrative rather than
limiting and that it be understood that it is the
following claims, 1including all equivalents, which
are 1ntended to define the scope of this invention.
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WHAT IS CLAIMED IS:

1. A wheel-grid assembly comprising:
a wheel boom;

a pair of lift arms each having an
extension arm segment and an engaging arm segment,
with said extension arm segments belng relatively
transversely attached to the wheel boom at positions
disposed to fit between front or rear wheels of a
vehlicle to be towed, and with each engaging arm
segment pivotally attached to a respective extension
arm segment; and

a pair of linear actuators each having a
fixed arm segment and movable arm segment, with each
fixed arm segment pivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging arm ségment; and

wherein each over-center locking mechanism
locks the respective engaging arm segment in a
position engaging a front or rear wheel of the
vehicle to be towed without aid of force from the
linear actuator; and

wherein said wheel boom and said extension
arm segments are situated in a plane, and said
engaging arm segments are positioned at an upward
angle with respect to said plane.

2. The wheel grid assembly of claim 1, wherein
the upward angle approximately ranges from 1°-5°.
3. The wheel grid assembly of claim 1, wherein

the upward angle is approximately 2°.

4. A wheel-grid assembly comprising:
a wheel boom;

a pair of lift arms each having an
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extension arm segment and an engaging arm segment,
with said extension arm segments being relatively
transversely attached to the wheel boom at positions
disposed to fit between front or rear wheels of a
5 wvehicle to be towed, and with each engaging arm
segment pivotally attached to a respective extension
arm segment; and
a pair of linear actuators each having a
fixed arm segment and movable arm segment, with each
10 fixed arm segment pivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
15 engaging arm segment; and
wherein each over-center locking mechanism
comprises a means for preventing the over-center
locking mechanism from reaching an over-center
locking position while the respective engaging arm
20 segment is in an open position; and
wherein each over-center locking mechanism
locks the respective engaging arm segment 1in a
position engaging a front or rear wheel of the
vehicle to be towed without aid of force from the
25 linear actuator.

5, The wheel grid assembly of claim 4, wherein
each over-center locking mechanism comprises a link-
age apparatus configured such that full extension of
the movable arm segment positions the linkage

30 apparatus in a locking position whereby outward
pressure against the respective engaging arm segment
forces the linkage apparatus in the direction of the
locking position.

6. The wheel grid assembly of claim 4,
35 wherein each linkage apparatus comprises an
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actuating link with the movable arm segment of the
linear actuator pivotally attached thereto at a

relatively central position, and a connecting link;
and

5 whereln one end of the actuating link is
pivotally attached to the extension arm segment of a
respective 1lift arm and the other end is pivotally
attached to one end of the connecting link, and the
other end of the connecting link is pivotally attach-

10 ed to the respective engaging arm segment.

7. The wheel grid assembly of claim 6, wherein
the means for preventing the over-center locking
mechanism from reaching an over-center locking
position while the respective engaging arm segment is

15 1n an open position comprises a lobe located on each
connecting link at the end attached to the respective
engaging arm segment.

8 . The wheel grid assembly of claim 4, wherein
said wheel boom and said extension arm segments are

20 situated in a plane, and said engaging arm segments

are positioned at an upward angle with respect to
said plane.

9. The wheel grid assembly of claim 8, wherein
salid upward angle approximately ranges from 1°-5°.
25 10. The wheel grid assembly of claim 8, wherein

said_upward angle is approximately 2°.
11. A tow assembly for lifting a vehicle's
front or rear end, comprising:

a telescopic boom connected to said tow
30 assembly;

a wheel grid assembly pivotally connected
to said telescopic boom, said wheel grid assembly
comprising:

a palir of lift arms each having an

35 extension arm segment and an engaging arm segment,
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with said extension arm segments being relatively
transversely attached to the wheel boom at positions
disposed to fit between front or rear wheels Of a
vehicle to be towed, and with each engaging arm
segment pivotally attached to a respective extension
arm segment; and

a pair of linear actuators each having a
fixed arm segment and movable arm segment, with each
fixed arm segment pivotally attached to the wheel
boom in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging arm segment; and

wherein each over-center locking mechanism
comprises a means for preventing the over-center
locking mechanism from reaching an over-center
locking position while the respective engaging arm
segment is in an open position; and

wherein each over-center locking mechanism
locks the respective engaging arm segment in a
position engaging a front or rear wheel of the
vehicle to be towed without aid of force from the
linear actuator.

12. The wheel grid assembly of claim 11,
wherein said wheel boom and said extension arm
segments are situated in a plane, and sald engaging
arm segments are positioned at an upward angle with
respect to said plane.

13. The wheel grid assembly of claim 12,
wherein said upward angle approximately ranges from
1°-59

14. The wheel grid assembly of claim 12,
wherein said upward angle is approximately 2°.

15. A tow truck for lifting a vehicle's front
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or rear end, and for transporting said vehicle,
comprising:

a tow truck chassis including a bed frame
and a deck situated above said bed frame;

a tow assembly connected to said truck
chassis for lifting a vehicle's front or rear end by
its front or rear wheels, said tow assembly
comprising:

a telescopic boom connected to said tow
assembly;

a wheel grid assembly pivotally connected
to said telescopic boom, said wheel grid comprising:

a pair of lift arms each having an
extension arm segment and an engaging arm segment,
with said extension arm segments being relatively
transversely attached to the wheel boom at positions
disposed to fit between front or rear wheels of a
vehicle to be towed, and with each engaging arm
segment pivotally attached to a respective extension
arm segment; and

a palr of linear actuators each having a
fixed arm segment and movable arm segment, with each
fixed arm segment pivotally attached to the wheel
boom 1in a relatively transverse position, and with
each movable arm segment pivotally attached to an
over-center locking mechanism, and with each over-
center locking mechanism attached to a respective
engaging arm segment; and

wherein each over-center locking mechanism:
comprises a means for preventing the over-center
locking mechanism from reaching an over-center
locking position while the respective engaging arm
segment 1s 1n an open position; and

wherein each over-center locking mechanism
locks the respective engéging arm segment in a
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position engaging a front or rear wheel of the
vehicle to be towed without aid of force from the
linear actuator.

16. The wheel grid assembly of claim 15,

5 wherein said wheel boom and said extension arm
segments are situated in a plane, and said engaging
arm segments are positioned at an upward angle with
respect to said plane.

17. The wheel grid assembly of claim 16,
10 wherein said upward angle approximately ranges from
1°-5°,
18. The wheel grid assembly of claim 16,
wherein said upward angle 1is approximately 2°.
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