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HANDCYCLES

style Was dif?cult to adjust for or the adjustments Were

FIELD OF THE INVENTION

rider almost unlimited adjustability. The handcranks are

The sport of handcycling is advancing quickly. Our pre
vious developments in this ?eld have allowed paraplegics

mounted to a structure that includes a combination of

alWays limited in someWay the present invention offers the

telescoping sections, linkage arms and pivot points that form
an approximate triangular shape. This shape alloWs the

and others Who are missing their legs or have impaired use

of their legs to do things that Were previously thought
impossible. In 1995 three athletes used FREEDOM
RYDERS Which incorporate the inventions herein described
to handcycle completely around the World. They made this

cranks to be moved about both up and doWn independently
of the forWard and rearWard adjustment, forWard and rear
Ward independently of the up and doWn adjustment or both
10

13,000 plus mile trip in just eight months averaging a
staggering ?fty ?ve miles every single day even though
there Were many days that they didn’t ride at all. All of these

ideas vastly improve handcycling in general. They are not
limited to one particular design but improve the rideability

place once the desired position is located. In previous hand
poWered vehicles the adjustment of the location of the
cranks for rider use Was limited to telescoping the frame in
and out or telescoping the cranks in and out of a ?xed inner
15 and outer cylinder arrangement that limited the crank arm

of any vehicle that is hand-poWered.

adjustment to linear movement only.
The present invention also recogniZes the need for support
of both the rider’s legs and feet and not just the rider’s legs

BACKGROUND OF THE INVENTION

A three-Wheel vehicles based on the concept of hand

propulsion for individuals With certain limitations that pre
vent the use of their legs, is knoWn, as exempli?ed by the
US. Pat. No. 5,354,084 issued to the same inventors hereof,

vertically and horiZontally simultaneously for differing arm
lengths and/or rider height and then be locked rigidly into

in a cradle type device. The present invention provides a
20

Wrap around style of footrest and leg support that telescopes
forWard and rearWard on the mainframe to accommodate

different leg lengths. By Wrapping around the rider’s foot the

footreat-leg support combination keeps the rider’s foot from
as Well as U.S. Pat. No. 4,109,927 issued to Harper. The
?opping to the side While at the same time supporting the
vehicles of these U.S. Patents function very Well for their
intended purpose. HoWever, it is desirable to make subtle but 25 leg. This type of support also provides protection to the

rider’s feet and legs from collision or side impact. Previous
handcycles left the rider’s feet to dangle in front of the front

very important re?nements to the present state of hand

propulsion technology to provide increased rider comfort,

leg support.

safety and stability. These improvements reach across the

The present invention also provides structural triangula

many styles of handcycles that are noW available and

address the ergonomic needs of the operator. The need for
the operator to be loW to the ground for increased stability

30

Was addressed in our earlier US. Pat. No. 5,354,084. With

the present invention We have analyzed the rider’s total body
position and sculpted the handcycle around the operator to
maximiZe comfort, accessibility and safety. The invention

35

provides a means for locating the hand-cranks virtually
anyWhere Within a de?ned border of movement, providing

tion of the vehicle frame at the crank location as mentioned
above as Well as behind the seat. Triangulation of the frame
in these tWo areas provides a stiff frame betWeen the
backrest and the crank arms so rider poWer is delivered
directly to the crank arms and not lost in frame ?ex. For

optimal riding, stiffness in the frame is required betWeen the
backrest and the cranks only and thus has no effect on the

overall ride of the vehicle. The rubber snubbers in conjunc
tion With the cantilevered rear axle act to absorb impact

also a means to increase or decrease the scope and shape of

caused by drought terrain providing an overall smooth ride

the border of movement Without altering the Wheelbase of
the handcycle. The invention provides a means for support

to the operator of the vehicle.
The present invention provides a means of af?xing a
tubular and fabric sling seat to the handcycle’s main frame
for the backrest and seat bottom. Apair of “U”-shaped tubes
are inserted into a pair of receiving tubes on the front frame
in such a manner that the rider’s Weight on the fabric sling
material holds the backrest and seat bottom in place While

40

ing and protecting the rider’s legs and feet simultaneously
While providing adjustment to accommodate different siZe
riders. The invention provide for a seat and backrest that is
maintained in place on the handcycle by the rider’s oWn
Weight and body position. In the case of a body-lean
handcycle the invention provides an adjustable bumper on
bilateral sides of the bike’s center line to limit articulation of
the frame Within desired parameters. Thus preventing over

45

the vehicle is being ridden.

leaning and bottoming of the steering dampener (disclosed
in US. Pat. No. 5,354,084). The invention provides a means

50

for triangulating and thus stiffening the frame behind the seat
and betWeen the backrest and the handcranks in order to
transfer the rider’s arm poWer directly to the cranks, front

and properly adjusted.

Wheel and ultimately vehicle acceleration Without loosing
poWer to frame ?ex. This is very important for both accel
eration and hill climbing. The invention provides a means
for quickly and accurately positioning the rear axle so as to
simultaneously center the axle and maintain the proper
amount of toe-in and toe-out. The invention provides a
means for placing the main structure of the frame beloW the
axis of the front Wheel to provide the loWest possible center
of gravity for the rider and vehicle. The invention herein is
directed to the satisfaction of all the above objectives.
BRIEF DESCRIPTION OF THE INVENTION

The present invention solves all of the above objectives.
Whereas in the prior vehicles different rider siZe and riding

The present invention provides a means of quickly cen
tering and aligning the rear axle for toe-in and toe-out. A“V”
shaped notch is made in the axle clamp tube on the rear
frame. A small roll-pin is located in the axle after the axle
has been aligned for proper toe-in and toe-out. When the rear
axle is located in the axle clamp the roll pin bottoms out in
the “v” shaped notch leaving the rear Wheels both centered

55
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The invention provides a means of limiting frame articu

lation in the case of body-lean handcycles by placing
adjustable rubber snubbers on the left and right side of the
longitudinal axis of the handcycle. These rubber snubbers
When properly adjusted stop the articulation of the frame
before maximum extension or compression of the steering
stabiliZer can occur.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
65

The folloWing draWings and detailed description are
intended to incorporate by reference the ?gures and draW
ings of previous US. Pat. No. 4,572,535 and Us. Pat. No.

5,354,084.
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plane and attaches to the junction of adjustment ?ange 46

FIG. 1 is a perspective vieW of the handcycle in accor

and the main front frame structural member 58. Bar 49

dance With the present invention;

begins directly opposite bar 48 at the junction of the adjust

FIG. 2 is a side vieW of the handcycle of FIG. 1;

ment ?ange and the main front frame structural member 58
and proceeds forWard parallel to bar 48 in the horiZontal
plane to a place the same distance from the adjustment
?ange as the end of bar 48. The main front frame structural

FIG. 3 is a side vieW and detailed vieW of the crank arm

and foot support positioning assemblies.
FIG. 4 is detailed perspective vieW of the axle clamping
mechanism and seat assembly.
FIG. 5 is detailed perspective vieW of the seat assembly,
loWer crank arm adjustment ?ange assembly, telescoping
section and rubber bumper.

member 58 extends rearWard from the adjustment ?ange.
10

FIG. 6 is a bottom vieW of the handcycle of FIG. 1.

Referring to the draWing ?gures, the tricycle 50 of the
present invention is comprised of a uni?ed rear body mem
ber 40 and a uni?ed front body member 80. The rear body
member 40 includes a frame having a straight Wheel support

15

Bar 55 attaches to the top of the main front frame structural
member 58 approximately three inches from its rearWard
end and extends upWard and rearWard to form the spine of
the backrest. Bar 54 attaches to the top, rearWard most end
of the main front frame structural member 58 and extends
upWard and attaches to bar 55 just beloW the connection of
the rear pivot point 28. The connection of bars 54,55 and 58

form a triangle for the purpose of increasing frame rigidity

tube 10 Which is attached to rear body member 12 by passing
through a slightly larger tube 14 Which has a longitudinal
split With tWo clamping bosses attached slightly inboard of

betWeen bar 55 and the main front frame structural member
58. The intent of the structure of bars 54, 55 and 58 is to
minimiZe ?exing of the front frame When the rider’s back

each end of the tube With a shouldered boss 18 on the top and

pushes against bar 55 as the opposite reaction induced by the
rider pushing against the hand cranks 62. TWo pairs of short
sections of tubing 59 are attached directly opposite each
other, equally spaced, and to both the right and left side of
the main front frame member 58 extending slightly upWard.

a threaded boss 16 on the bottom located in such a manner

that screW 22 squeeZes the top boss 2 toWard the bottom boss
21 causing the tabular cross section to decrease in siZe and

clamp the tube 10 securely in place. This means alloWs for
tube 10 to be centered relative to the longitudinal axis of the
vehicle and rotated about its oWn longitudinal axis to alloW

25

for toe-in and toe-out of the rear Wheels. The outer ends of
the Wheel support tube 10 receive axles 15 Which are
rotatably connected to tWo Wheels 17 and 19 Which are

members 63 in such a manner to form a seat. The rider’s

Weight upon the seat material 64 causes the inclined “U”

supported in spaced relationship and adjusted as mentioned
above for parallel movement on the ground. To further
explain this aspect, rotation of Wheel support tube 10 causes
the Wheels 17 and 19 to toe-in or toe-out. Rotating Wheel
support tube 10 forWard causes the Wheels to toe-in and
rotating Wheel support 10 rearWard causes the Wheels to

TWo “U” shaped tubes 63 are telescopically inserted into
short tubing sections 59 on the left and right side of the front
frame. A cloth material 64 is attached to “U” shaped

35

shaped tubes 63 to be forced further into short tubing
sections 59 holding the seat bottom in place. Similarly tWo
pairs of short tubing sections 71 are attached opposite each
other and equidistant apart to seat back 55. TWo “U” shaped
tubes 73 are telescopically inserted into short tubing sections
71 on the left and right side of tubing section 54. A cloth

toe-out. For proper tire Wear and reduced drag on the vehicle

material 75 is attached to the tWo “U” shaped tubes 73 in

the rear Wheels must have neither toe-in or toe-out. When a

such a manner as to form the seat back. As With the seat

punch mark on the support tube 10 is aligned With a small
“v” shaped notch 23 on clamp tube 14, the rear Wheels are
properly aligned. In the present invention the rear Wheels are
attached to the inserts in the Wheel support by means of
threaded axles. Clamping tube 14 is Welded to a forWardly

bottom, the rider’s Weight against the seat back forces the
“U” shaped tubes further into short tubing sections 71
holding the seat back in place.
Combined footrests and leg supports 82 telescope in a
forWard and rearWard direction Within tubing 48 and 49
respectively. Leg support straps 83 attach to footrests 82 and

and slightly upWardly projecting tube 24 Which in turn is
Welded to “L” shaped tube 26 Which has a vertical leg

representing the short leg of the “L” projecting upWard from

45

the attachment point of tube 24 and horiZontal leg repre

senting the long leg of the “L” projecting forWard and
slightly upWard from the loWer end of the vertical leg of the
“L”. A spherical rod-end 28 is located at the top end of the
tube 26 and another spherical rod end 30 is located at the
forWard end of tube 26. A?rst pivotal connection is provided
on the upper end of “L” tube 26 at the spherical rod-end 28
and a second pivotal connection is provided forWard and
doWnWard on the forWard end of “L” tube 26 at spherical
rod-end 30. A pair of handlebars 32 and 33 are attached to
the forWard end of “L” tube 26 just rearWard of the forWard

rearWard to accommodate different siZe riders or similar siZe

riders With different leg lengths. Clamp 85 is slotted on its
length and journaled With a larger hole in one end and
smaller hole in the other end. Clamp 85 is then placed With
55

spherical rod end.

are then inserted telescopically into tubular section 48 or 49.

Telescoping the “U” shape is the preferred means of
adjustment, hoWever brackets to 82 that can be moved
forWard or rearWard relative to tubes 48 or 49 Would also
Work as Well.

beloW the axle 41 With vertical slots that secure axle 41. The

behind the front Wheel Where it bend inWards in the same

the larger hole over tube 48 or 49. Tube section 82 is bent
in a “U” shape With one leg of “U” telescopically inserted

the smaller hole in clamp 85 and the clamp and “U” shape

The front body member 80 includes an axle 41 supporting
a front Wheel 42. A rigid fork shaped support straddles the
front Wheel 42. TWo metal plates “drop-outs” 43 are attached
to each tubes 48 and 49 respectively in line With and just

right side plate attaches to bar 48 and also supports the loWer
derailleur 108. Bar 48 extends forWard from the right side
plate 43 a distance equal to about tWo thirds the radius of the
front Wheel 42 and rearWard of the right side plate 43 to

tubing 48 or 49 to form a sling for the purpose of supporting
the rider’s leg and foot. Straps are the preferred method or
leg support in this case, hoWever, any means of supporting
the rider’s legs at the rear of the “U ” shape 82 Would Work
as Well or even closing the back of the “U” shape 82 to make
a long rectangle that supports the rider’s foot and calf. The
combined footrest and leg supports move forWard and

Conventional bicycle cranks 62 are rotatably connected to
a conventional bicycle bottom bracket 90 With internal
65

spindle and bearings. A pair of identical plates 91 are
attached to bottom bracket 90 and extend forWard approxi
mately one inch. Plates 91 are attached equidistant left and

5,853,184
5

6

right from the longitudinal axis of the vehicle and each plate

frame. The rubber snubbers 111 limit the articulation of the
frame so that the dampener is never subjected to complete
compression or extension.
What is claimed:

has a hole drilled in it With the centerline of each hole

coincident With a central axis passing through both plates.
Bolt 93 attaches tWo linkage arms 94 to plates 91 by means
of passing through a journaled hole in one end of each
linkage arm and through the holes in plates 91. A spacer 95
concentric With the bolt 93 is positioned betWeen plates 91
and the linkage arms 94. A locking nut is placed on the bolt

after the bolt is passed through the linkage arms, plates and
spacer and tightened to hold the assembly rigid after ?nal
adjustment of the crank arm position. A bolt 97 passes
through the opposite end of linkage arms 94 and through a
journaled boss 99 With a locking nut threaded onto the end
for the purpose of tightening this assembly after ?nal
adjustment of the crank arm position, Tubular section 2
rigidly attaches to boss 99 and extends doWnWards toWards
the axis of Wheel 42, The ends of tubular section are
?attened and a slot is journaled into the ?attened end for the
purpose of sliding over front Wheel axle 41. Tubular section
5 attaches to boss 99 directly opposite tubular section 2 and
extends doWnWard in the same plane toWards the front
Wheel axle 41. Similarly to tubular section 2 the end of the
section is ?attened and journaled for the purpose of sliding
over front Wheel axle 41, Tubular section 6 attaches rigidly
to boss bottom bracket 90 and extends doWnWard and

1. A hand pedaled device comprising:
a frame;
a Wheel mounted on the frame;
a hand crank mounted on the frame;
10

Wheel;
said hand crank mounted to the frame by a pair of arm

segments each having opposed ?rst and second ends,
15

segments;
and
releasable locking means for releasably locking the arm
segments at a speci?ed distance betWeen said points of

connection Whereby With the locking means released,
25

the crank arm position relative to the frame can be

selectively adjusted to any horiZontal or vertical posi

bicycle brake lever 7 and shift levers 8 are rigidly attached
to tubular section 6. The end of tubular section 6 is slotted

tion Within a range of movement as permitted by the

pair of arm segments.

and clamp 85‘ is concentrically slipped over the end. Clamp

2. A hand pedaled device as in claim 1 Wherein one arm

85‘ is slotted and journaled With a slightly larger diameter on
the top end and ?ts snugly over tubular section 6. Clamp 85‘
is slotted and journaled With a slightly smaller diameter on

arm position.
A conventional caliper brake 105 is attached. A front
derailleur 107 is attached to tubular structure 6 and rear
derailleur 108 is attached to right side drop out. Conven
tional bicycle chain 109 connects the crank arm 62 to the

each ?rst end of the pair of arm segments connected to
the hand crank and each second end connected to the

frame at spaced apart points of connection and each of
said arm segments de?ning a length betWeen said hand
crank and said points of connection for the pair of arm

rearWard toWards adjustment ?ange 46, Conventional

the opposite end. Tubular section 11 ?ts telescopically into
clamp 85‘ and tubular section 6. The opposite end of tubular
section 11 rigidly attaches to boss 20, FIG. 4, The boss end
of tubular section 11 ?ts betWeen the plates on adjustment
?ange 46. Bolt 100 passes through the plates on adjustment
?ange 46, through boss 20 and is secured With a locking nut.
Tightening of bolt 100 and locking nut holds tubular section
11 and boss 20 rigidly in place after adjustment of the crank

a drive member connecting the Wheel and hand crank
Whereby manual rotation of the hand crank rotates the

segment is comprised of a telescoping section and the other
arm segment is comprised of a substantial ?xed length

releasably pivotally attached to linkage arms, said linkage
arms releasably pivotal about respective ends, one said
pivotal end connected to the hand crank; said releasable
35

locking means clamping the telescoping section Whereby
With the locking means released the hand crank position
relative to the frame can be selectively adjusted to any
horiZontal or vertical position Within a range of movement

as permitted by the cooperative lengthening and shortening
of the telescoping section and the lengthening and shorten
ing provided by rotation of the linkage arms.
3. A hand pedaled device as in claim 1 comprising:
a frame;
45

drive sprockets 110. In extreme adjustment positions it may
require adding or subtracting links from the chain 109.
Adjustable rubber snubbers 111 are attached to the topside

a single front Wheel;
a drive member connecting the front Wheel and said hand
crank Whereby manual rotation of the hand crank rotates the
front Wheel; and

of tubular section 26 on the rear frame section 40. When the

a pair of rear Wheels.

handcycle is turned the front frame leans left or right. The

4. A hand poWered cycling device as in claim 1 including

rubber snubbers 111 come in to contact With the rear ends of

a seat, a back rest and a back rest connection all mounted to

tubes 48 and 49 Where they are Welded to adjustment ?ange
46 and limit the articulation of the frame. The rubber

the frame Whereby a person seated in the seat manipulates
the hand crank for providing dive poWer to the Wheel and in
doing so imparts a rearWard thrust against the back rest of
the seat;
said back rest comprised of an upWardly directed elon
gated support member connected to the frame at a
bottom end and subject to ?exing along a vertical

snubbers may be screWed into or out of their mounting
bosses for the purpose of adjustment. Flat Washers may be
placed beneath the snubbers and their mounting bosses to act
as shims or a jam nut to keep them ?rmly in place. Steering
dampener 112 is attached to plate 113 on the rear frame
tubular section 26. A ?at plate 114 is attached to the front

frame main support member 58 just rearWard of the adjust
ment ?ange 46. A serious of holes are placed in the plate 114

to permit adjustment of the steering resistance provided by
the dampener. A spherical rod end 116 is attached to the end
of the rod of the dampener 112. A bolt and lock nut attach
the spherical rod end of the dampener to plate 113 on the rear
frame. Similarly a bolt and locknut attach the cylinder end
of the dampener to the adjustment plate 114 on the front

55

length, and a rigidifying support member extended
from the frame at a position on the frame spaced from
the bottom end and connected to the support member
upWardly from the bottom end to thereby form a

rigidifying triangular support to resist ?exing of the
back rest When subjected to said rearWard thrust.
5. Ahand pedaled device as in claim 4 Wherein said Wheel

is a single front Wheel, the device comprising:
a frame;

5,853,184
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coupled to the second spine member and readily

a drive member connecting the front Wheel and hand
crank Whereby manual rotation of the hand crank
rotates the front Wheel; and a pair of rear Wheels.

decoupled by WithdraWing each bracket laterally aWay
from the second spine member;

6. A hand poWered cycling device comprising:

a back rest cover and a seat bottom cover attached to each

center leg of the brackets, respectively and draWn taut

a frame;
a front Wheel mounted on the frame;

betWeen said center legs, said covers as attached pre

venting WithdraWal movement of the brackets and
requiring removal of the cover for decoupling of the
brackets.

a rear Wheel mounted on the frame;
a hand crank mounted on said frame and a drive member

connecting said hand crank and one of said Wheels for

10. A hand poWered cycling device comprising:

imparting rotative driving of said Wheel;

a frame; a front Wheel, a pair of rear Wheels, a hand crank
and a seat all mounted to the frame and enabling a

a seat on said frame and the frame, Wheels and seat in

person seated in the seat to manipulate the hand crank

combination structured to provide seating of a person

With the person’s legs and feet extended forWardly at
each side of the front Wheel;

providing drive poWer to the front Wheel;
15

a foot and leg support at each side of the front Wheel
including a forWard most cross brace positioned for
support structured for adjustment of the cross brace to
position the cross brace as required for engagement by
the bottom of the person’s feet for persons having

different body lengths;
said foot and leg support at each side of the front Wheel
25

forWardly projected member;

mounted betWeen the rear and front frame portions and

portions, said bumpers While being collapsed increas

front most cross brace.

7. A hand pedaled device as in claim 6 comprising:

ingly resisting but permitting relative movement of the
front frame portion and de?ning right and left limits of

a frame;

relative movement of said front frame portion.
11. A hand poWered cycling device as in claim 10,
Wherein

said front Wheel being a single front Wheel;
a drive member connecting the front Wheel and hand
crank Whereby manual rotation of the hand crank
rotates the front Wheel; and

said rear Wheels cambered With the tops of the rear Wheels
closer together than the bottoms of the rear Wheels in a
desired position and the rear Wheels are interconnected

a pair of rear Wheels.

8. A hand poWered cycle as in claim 6 Wherein a foot and
leg support at each side of the front Wheel are comprised of
a “U” shaped member, said “U” shaped member structured

together and connected to the frame through a ?xed

axle, the connection to the frame provided by a clamp
?xed to the frame and encircling at least in part the axle

for lengthWise adjustment; and
a cross support structured for support of the person’s leg.

9. A hand poWered cycling device comprising:
a frame;
a front Wheel, a rear Wheel, a hand crank and a seat 45

including a back rest, all mounted to the frame Whereby
a person seated in the seat manipulates the hand crank
for providing drive poWer to one of the Wheels;
said back rest including a ?rst spine member extended

and releasably clamping the ?xed axle to the frame,
said clamp provided With a locating mark and said axle
provided With an indexing mark Whereat the alignment
of the locating mark and the indexing mark provides
the desired axle position Whereat the cambered Wheels
are positioned as desired.

12. Aband poWered cycling device as in claim 10 Wherein
said seat includes a back rest and a back rest connection all

mounted to the front frame Whereby a person seated in the

seat manipulates the hand crank for providing drive poWer
to one of the Wheels and in doing so imparts a rearWard

55

thrust against the back rest of the seat; said back rest
comprised of an upWardly directed elongated support mem
ber connected to the front frame at a bottom end and subject
to ?exing along a vertical length and a rigidifying support
member extended from the front frame at a position on the

front frame spaced from the bottom end and connected to the

decoupled by WithdraWing each bracket laterally aWay

support member upWardly from the bottom end to thereby
form a rigidifying triangular support to resist ?exing of the

from the ?rst spine member;

back rest When subjected to said rearWard thrust.

said seat bottom including a second spine member

13. A hand poWer cycling device comprising:

extended forWardly, a pair of U-shaped brackets having
front, back and center legs extended from opposite

a frame; a front Wheel, a pair of rear Wheels, a hand crank
and a seat all mounted to the frame and enabling a

sides of the second spine member at a slight upWardly

directed angle that positions the center leg substantially
parallel to and spaced from the second spine member
and slightly above the second spine member, each of
said front and back legs having distal ends loosely

ment around said axis left and right of a centered

position, a right and left resistively collapsible bumper
projected into the path of movement of the frame

and a secondary cross member located rearWard of the

upWardly from the frame, a pair of U-shaped brackets
having upper, loWer and center legs extended from
opposite sides of the ?rst spine member at a slight
forWardly directed angle that positions the center leg
substantially parallel to and spaced from the ?rst spine
member and slightly forWard of the ?rst spine member,
each of said loWer and upper legs having distal ends
loosely coupled to the ?rst spine member and readily

frame portion, said front frame portion overlying in
part the rear frame portion and the overlying parts of
the front and rear frame portions connected together by
tWo spaced apart front and rear pivotal connections, the
rear pivotal connection positioned higher than the front
pivotal connection and the tWo pivotal connections
forming an axis around Which the front frame portion
pivots relative to the rear frame portion;
said front frame portion de?ning a path of pivotal move

engagement by the bottom of the person’s feet, said

further comprised of a forWardly projected member;
a rearWardly projected member laterally opposite the

said frame including a front frame portion and a rear

person seated in the seat to manipulate the hand crank
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providing drive poWer to the front Wheel;
said frame including a front frame portion and a rear

frame portion, said front frame portion overlying in
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part the rear frame portion and the overlying parts of
the front and rear frame portions connected together by
tWo spaced apart front and rear pivotal connections, the
rear pivotal connection positioned higher than the front
pivotal connection and the tWo pivotal connections
forming an aXis around Which the front frame portion
pivots relative to the rear frame portion;
said front frame portion de?ning a path of pivotal move
ment around said aXis left and right of a centered

position, a right and left resistively collapsible bumper
mounted to the rear frame portion and projected into
the path of the movement of the front frame portion

said bumpers While being collapsed increasingly resist
ing but permitting relative movement of the front frame
portion and de?ning right and left limits of relative
movement of said front frame portion.
*

*

*

*

*

