USOORE45503E
(19) United States
12 Relissued Patent (10) Patent Number: US RE45.503 E
Fuse et al. 45) Date of Reissued Patent: May 35, 2015
(54) SUSPENSION STRUCTURE 5,908,200 A * 6/1999 Stewart ......cccoccceeeevennn., 280/276
6,105988 A * 82000 Turneretal. ................ 280/276
S 6,217,049 B1* 4/2001 Becker ...ococovvvvreeinen., 280/276
(71)  Applicant: Honda Motor Co., Ltd., Tokyo (IP) 6.343.807 B1* 2/2002 Rathbun ... 280/276
_ _ 6,412,803 B1* 7/2002 Lalikyanetal. ... 280/276
(72) Inventors: Tomohiro Fuse, Wako (IP); Kazuhiko 6.505.719 B2*  1/2003 Gonzalez etal. ......... 188/319.2
Gogo, Wako (JP) 6,592,136 B2* 7/2003 Beckeretal. ................. 280/276
6,607,185 B2* 872003 Gravesetal. .............. 267/64.26
(73) Assignee: Honda Motor Co_, I_A:dj Tokyo (JP) 6,739,609 B2 * 5/2004 Ml.}_f&be ......................... 280/276
7357232 B2*  4/2008 Fujita ..oocoovevevrereeeeennn. 188/297
_ 7,686,115 B2*  3/2010 Parker ......cocoeveivvive.., 180/219
(21)  Appl. No.: 13/706,954 2003/0071400 Al1* 4/2003 Gravesetal. ......... 267/140.11
| 2004/0036250 Al*  2/2004 KOfUji vovvvverereeererrennn.. 280/276
(22) Filed: Dec. 6, 2012 2004/0140644 A1*  7/2004 Kofuji etal. .ooeveveren.... 280/276
1
Related U.S. Patent Documents 2005/0127636 ALl*  6/2005 CZYSZ coeveveecvererereenn, 280/276
Reissue of: FOREIGN PATENT DOCUMENTS
(64) Patent No.: 8,196,946
Issued: Jun. 12, 2012 JP 49-029638 U 3/1974
Appl. NoO 12/103,367 JP 2000-145864 A 5/2000
Filed: Apr. 15, 2008 * cited by examiner
(30) Foreign Application Priority Data Primary Examiner — Anne Marie Boehler

Assistant Examiner — Maurice Williams

Apr. 20,2007 (IP) oo 2007-111551 _
(74) Attorney, Agent, or Firm — Westerman, Hattori,
(51) Int.Cl. Daniels & Adrian, LLP
B62K 25/08 (2006.01)
B62K 21/02 (2006.01) (57) ABSTRACT
(52) US. CL A suspension structure includes a pair of right and left cush-
CPC i, B62K 25/08 (2013.01); B62K 21/02 ion units. The right cushion unit 1s constituted of a compres-
(2013.01) s1on coil spring and a right damper, and the left cushion unit
(38) Field of Classification Search 1s constituted of only a left damper having an outer diameter
USPC s 280/124.179, 2776, 283, 267/34, 64.20, smaller than a diameter of the compression coil spring and
o _ 267/226 larger than a diameter of the right damper. The left cushion
See application file for complete search history. unitis constituted of only the left damper and does not include
_ the compression coil spring and hence, the suspension struc-
(56) References Cited

ture can be simplified. Further, in the left cushion unit, the left
damper does not slide relative to the compression coil spring
in performing a stroke and hence, no iriction 1s generated.

U.S. PATENT DOCUMENTS

5,582,395 A * 12/1996 Cheng ...........oovvevviiinnnns, 267/219
5,720,491 A *  2/1998 Harper ......coccocevvviveinn, 280/277 8 Claims, 6 Drawing Sheets
102 DR
(01 133
\ﬁ . DLt
133 103
e
. :: 1214 15 —141
’ 41-141 152
-y of =
/ 4122 134
5
121\: LIS LU H 0 137
By
g 134 198
4 ’ 136
140; ~14—138
\g /] 1412
7 136
¢
Z
7
Z 104 151b
vy
. &
104 [/
J
o — DR2
E / ; i 2 :F’ )
. ; clg : ’E :.H AN W
‘ E Izl A Y N
: v et = T )
! % oL At A
. A : :;.i H i ..5:::'
2N i) ! ;EE{EI; 5 :;-:g
{ J' [ Nort ta M
124 123 121b i ¥l 189




US RE45,503 E

Sheet 1 of 6

¢8

May 35, 2015

m | 18
86 €€ [ ¥¢
98

Ol

U.S. Patent

¢l




U.S. Patent May 5, 2015 Sheet 2 of 6 US RE45,503 E




US RE45,503 E

Sheet 3 of 6

May 35, 2015

U.S. Patent

s N
—]
) N ™ N < I~ O o O
P MY T ™ M M S ™ e I A
- v ™ T Y Yy ye —
|.~>ﬂ - | \ Y [ T

NN 3 AN 7N
X NN md N R “. \
m..W/.,y ﬂ?ﬁﬂ“ﬂﬂvy\\h ﬂ\\\,\\\\\\\\vh..w“nuﬂlﬁ N AR, 7

AT . V- NN m
7= R W

NN\ el S ey LN s
NN h%’fflﬁﬁﬁﬁﬁ\\ \\\.\hm.‘m%-n. == ...lm".mmm m\h\\bﬁwﬁ

SN m—— — —

//hﬁ . N
M\ . . . .ﬂ.._m... VRRY
.7’ .“.’ . .““”#VVVW’W l-.* o —r—r- MG
‘\.\u = S A4, B A {7 0 20 G i £ 4V 50 89 S L Y. E‘. e e
PN

DL

S ALLLLELI LU
-
<

57 G _ ~ <+ !
— e — A DI...I:/.I.I(..UI..I.. e —--
-—

124 123

F1G. 3(a)



US RE45,503 E

Sheet 4 of 6
140

May 35, 2015

U.S. Patent

O
o~
CN ™~ v
c N
&8 o «
MY 0 77777277 2 A7 77 7Y

4.?"'!@

1.
st ><] [X —

PRIV TP SEEEESEFESSTBESSNEFESEFEESS.SS SN ESEFEEFSEFEENgSEY NI

LA A

AN N ﬂ?ﬂfﬂffffiﬂfff !!J,ﬂ_.fffffffﬂd*“w.ffﬂﬂﬂw\\‘ , ol
N WAk AN/ LY
ST &m At LA AL L UL LR UL LA AL
mka&wv\\vm A f NP2777777277222272227777277777727 220N 277227277
GG o b AD WD 77777777 77777 77 7 727 777 7727 7222727, AIIIIIS i
W72 Z]/777100 LT RAARKATATILLR TR LTARRAR AR ANSANNNY

I & 5 F F 5 5 )

LY

mwmm. s LZ¥Z7/, o rprry Em——
b 2 27 Neg L7
A ECTITTITE R AL TTETETIE T IS NPT E RS R C RN O N SO NH S WS A S VLN S RN

W S NIE ST EFEESY GESSEFEEESEESESEFESSESSEESSEESENESSEEE RS

J’fffﬂ

)
P
b ma

124

139a
)

1282

FIG. 3(b)

13%b



US RE45,503 E

Sheet Sof 6

May 35, 2015

U.S. Patent

— TRRS = NN o S\ N b Sy )

Lt\\\’l u II I.i

AN | N

A .l.lr.l_._l_

.III:...III...

=== rﬁffffﬂr’f‘fﬂf

NS R RS R SR R S S SR NN O TR R RO AR R IR R RSOSSN S S S T

.‘L_I 22 VARV A FFI\V. ST SEN .‘-“1“1“.“.“.‘ i

.m... rFr
F -

| ..-

oy -

1 2

1 q..__

e L]

._. ...H.....L...n... ..

J 77

__lr___

1_. e thrdretoesbendetetadiag b S % % 8 RN N W R R R R R F.‘.u_l

|| S \\Y\.L.l.lx \\\hxl\%%\%\\

F1G. 4(a)



US RE45,503 E

Sheet 6 of 6

May 35, 2015

U.S. Patent

102

170

N [~
O )
1 1
€YD
r— 0 3P
<o O uo N L2 AL L7 LAV L 7 2
1 e

S S S S US T o Ay < DX

oo n‘.lrn‘_...‘...‘..‘_,.‘_._.‘_..‘...ﬂ WA A L' N e VNN & N EEEE.IW\WLTE SN,
- e o o EE— p—
m.l_"il.l_-l"!'. .

S o
AAR LAV LAV UUACRRUGY Fﬁl?fﬂffffflﬂfffffdﬂﬂ¢\§ , P
_.J,_. TEEL D opy ey Y 2L '
~ ol 1B AT NG/ (LT
N2 Z ¥ B &-{ EATTH T MM LA L LA LG L LA AR LA LR RRT | LR AR
AT TS I-._" f —

o y ]
73 XAY /Ay

RSSO ITITITITITITITTIIITIVLIVFrrrrrs
e R A N AN S S s S S S RS S S S L aTnoy ASSNA
. ,. \\h .._.“_\_. \.Jﬂ_ uhu.\
o Lz Nyttt (27777

‘.._\u\\
AL TLITL L L AL L L A R AL A AL S AR AL AR L AR Lummr..“%
— N IR <
T 0

k|
"

1950a

106

FIG. 4(b)



US RE45,503 E

1
SUSPENSION STRUCTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to the improvement of a sus-
pension structure.

BACKGROUND OF THE INVENTION

As the conventional suspension structure, there has been
known a hydraulic shock absorber constituted of a suspension
spring which converts vibrations and shocks propagated to
wheels from a road surface into elastic energy to alleviate the
vibrations and the shocks, and a damper which converts the
clastic energy of the suspension spring into heat energy to
damp the vibrations and the shocks of springs (for example,
JP-A-2000-145864).

Hereinafter, the conventional suspension structure 1s
explained.

A hydraulic shock absorber includes an outer tube
mounted on a vehicle body side by way of an upper bracket
and an under bracket, an mner tube slidably 1nserted into the
inside of an outer tube and mounted on a wheel side by way of
an axle bracket, and a suspension spring arranged between the
outer tube and the mner tube. The outer tube and the 1nner
tube constitute a portion of a damper device.

SUMMARY OF THE INVENTION

For example, to reduce the cost of a hydraulic shock
absorber, simplification of the structure and reduction of the
number of parts are considered. In supporting an axle using,
two hydraulic shock absorbers, provided that the hydraulic
shock absorber possesses two functions, that 1s, a vibration-
and-shock absorption function and a vibration-and-shock
damping function, 1t 1s unnecessary to make two hydraulic
shock absorbers have the same structure. Thus the simplifi-
cation of the structure and the reduction of the number of parts
1s realized.

Further, when the above-mentioned hydraulic shock
absorber 1s applied to a two-wheeled off-road vehicle, a long
stroke becomes necessary for the hydraulic shock absorber.
Accordingly, when the hydraulic shock absorber performs a
stroke, the inner tube and the suspension spring are made to
slide relative to each other, thus increasing a friction therebe-
tween.

It 1s an object of the present invention to provide a suspen-
s10n structure capable of suppressing the increase of a cost
thereof and, at the same time, enhancing the operability
thereof.

A first aspect of the invention comprises, 1n a suspension
structure comprised of paired left-and-right first and second
cushion units, the first cushion unit comprising a compression
coil spring for alleviating vibrations and shocks and a first
damper for damping vibrations and shocks, and the second
cushion unit comprising a second damper having an outer
diameter smaller than a diameter of the compression coil
spring and larger than a diameter of the first damper for
damping the vibrations and shocks.
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In operation, the second cushion unit does not include the
compression coil spring and hence, the structure of the second
cushion unit can be simplified. Further, in the second cushion
unit, the second damper does not slide relative to the com-
pression coil spring in performing the stroke and hence, a
friction 1s not generated.

In a second aspect of the invention, the second cushion unit
includes a caliper bracket mounted on a brake caliper which
constitutes a disc brake.

In operation, the second cushion unit increases the weight
thereol by an amount corresponding to the weight of the
caliper bracket and hence, the weight of the second cushion
unit approximates a weight of the first cushion unmit including
the compression coil spring and the first damper.

Accordingly, 1t 1s possible to acquire the favorable weight
balance 1n the lateral direction.

In a third aspect of the invention, the first and second
cushion units are connected to each other by a top bridge and
a bottom bridge thus constituting a front fork, the front fork is
steerably supported on a vehicle body, and 1n both of first and
second cushion units, an outer diameter of the upper support
portion supported on the top bridge and an outer diameter of
the lower support portion supported on the bottom bridge are
different from each other.

In operation, by making the outer diameter of the upper
support portion supported on the top bridge and the outer
diameter of the lower support portion supported on the bot-
tom bridge different from each other in both of the first and
second cushion units, it 1s possible to change the moduli of
rupture of both of the first and second cushion units respec-
tively 1n the longitudinal direction.

In a fourth aspect of the invention, the first and second
cushion units are connected to each other by the top bridge
and the bottom bridge thus constituting the front fork, the
tront fork 1s steerably supported on a vehicle body side, and
an outer diameter of the upper support portion of the first
cushion unit supported on the top bridge and an outer diam-
eter of the upper support portion of the second cushion unit
supported on the top bridge are made different from each
other, and an outer diameter of the lower support portion of
the first cushion unit supported on the bottom bridge and an
outer diameter of the lower support portion of the second
cushion unit supported on the bottom bridge are different
from each other.

In operation, by making the outer diameter of the upper
support portion of the first cushion unit supported on the top
bridge and the outer diameter of the upper support portion of
the second cushion unit supported on the top bridge different
from each other, and by making the outer diameter of the
lower support portion of the first cushion unit supported on
the bottom bridge and the outer diameter of the lower support
portion of the second cushion unit supported on the bottom
bridge different from each other, it 1s possible to make the
modulus of rupture of the first cushion unit and the modulus
of rupture of the second cushion unit different from each
other.

According to a first aspect of the invention, the suspension
structure includes paired left-and-right first and second cush-
ion units, the first cushion unit comprises the compression
coil spring and the first damper, and the second cushion unit
comprises the second damper having the outer diameter
smaller than the diameter of the compression coil spring and
larger than the diameter of the first damper. Since the second
cushion unit does not include a compression coil spring, the
structure of the suspension can be simplified whereby the
suspension structure can be manufactured at a low cost, thus
suppressing the increase of cost.
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Further, the compression coil spring 1s not mounted on the
second cushion unit and hence, 1t 1s possible to reduce a
friction of the second cushion unit thus enhancing the oper-
ability of the second cushion unit.

According to a second aspect of the invention, the second
cushion unit includes the caliper bracket mounted on the
brake caliper which constitutes the disc brake and hence, the
weight of the second cushion unit 1s increased by an amount
corresponding to a weight ol the caliper bracket. Accordingly,
it 15 possible to approximate the weight of the second cushion
unit to the weight of the first cushion umt and hence, a weight
balance between the first and second cushion units can be
enhanced.

According to a third aspect of the invention, the first and
second cushion units are joined to each other using the top
bridge and the bottom bridge to form the front fork, the front
tork 1s steerably supported on the vehicle body, and 1n both of
first and second cushion units, the outer diameter of the upper
support portion supported on the top bridge and the outer
diameter of the lower support portion supported on the bot-
tom bridge are different from each other. Accordingly, for
example, by making moduli of rupture in the longitudinal
direction of both first and second cushion units ditferent from
cach other, 1t 1s possible to enhance the balance of the modu-
lus of rupture between the first and second cushion units.

According to a fourth aspect of the invention, the first and
second cushion units are connected to each other by the top
bridge and the bottom bridge thus constituting the front fork,
the front fork is steerably supported on a vehicle body side,
and an outer diameter of the upper support portion of the first
cushion unit supported on the top bridge and an outer diam-
eter of the upper support portion of the second cushion unit
supported on the top bridge are made different from each
other, and the outer diameter of the lower support portion of
the first cushion unit supported on the bottom bridge and the
outer diameter of the lower support portion of the second
cushion unit supported on the bottom bridge are different
from each other. Accordingly, for example, the modulus of
rupture of the cushion unit having a smaller modulus of
rupture among the first and second cushion umts can be
enhanced by increasing the outer diameter of the upper sup-
port portion supported on the top bridge and the outer diam-
cter of the lower support portion supported on the bottom
bridge of the cushion unit, respectively, thus approximating,
the modulus of rupture of the cushion unit having the smaller
modulus of rupture to the modulus of rupture of the cushion
unit having a larger modulus of rupture, whereby the balance
of the modulus of rupture between the first and second cush-

10n units can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the invention will become apparent in
the following description taken 1n conjunction with the draw-
ings, wherein:

FIG. 1 1s a side view of a vehicle including the suspension
structure according to the present invention;

FI1G. 2 1s afront view of a front fork according to the present
invention;

FIGS. 3(a) and 3(b) are cross-sectional views of a left
cushion unit according to the present invention; and

FIGS. 4(a) and 4(b) are cross-sectional views ol a right
cushion unit according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present ivention i1s explained in conjunction with
attached drawings hereinatiter. Here, the drawings are viewed
in the direction of numerals.
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FIG. 1 1s a side view of a vehicle having the suspension
structure according to the present invention. In FIG. 1, the
vehicle 10 1s configured such that a front fork 13, which
supports a front wheel 12, 1s steerably mounted on a front end
portion of a vehicle body frame 11, an engine 14 1s arranged
at a center portion of the vehicle body frame 11, and a rear
fork 17, which supports a rear wheel 16, 1s mounted on a
lower rear portion of the vehicle body frame 11 via a pivot
shaft 18 1n a vertically swingable manner.

The vehicle body frame 11 1s constituted of a head pipe 21
arranged at a front end of the vehicle body frame 11 and
having a front fork 13 rotatably mounted thereon, a pair of left
and right main frames 22, 23 (showing only the left main
frame 22) extending obliquely in the rearward and downward
direction from the head pipe 21, a pair of left and right p1vot
plates 24, 26 (showing only the left pivot plate 24) respec-
tively extending downwardly from rear ends of the main
frames 22, 23, a down frame 27 extending downwardly from
the head pipe 21, a pair of left and right lower frames 28, 29
respectively connecting the down frame 27 and the left and
right pivot plates 24, 26, a pair of left and right seat rails 33,
34 (showing only left seat rail 33) extending rearwardly from
upper brackets 31, 32 (showing only the left upper bracket 31)
respectively mounted on upper ends of the pivot plates 24, 26,
and a pair of left and right sub-frames 36, 37 (showing only
the left sub-frame 36) respectively extending between rear
ends of the seat rails 33, 34 and intermediate portions of the
pivot plates 24, 26.

A bar handle 41 1s mounted on an upper portion of the front
fork 13, a number plate 42 1s mounted on a front portion of the
front fork 13, and a brake caliper 44 which constitutes a disc
brake 43 1s mounted on a lower portion of the front fork 13.

A transmission 46 1s integrally mounted on arear portion of
the engine 14, and a cylinder portion 47 extending upwardly
1s mounted on a front portion of the engine 14.

An output shait 51 1s mounted on a side portion of the
transmission, a drive sprocket wheel 52 1s mounted on the
output shait 51, and a chain 54 1s wound around the drive
sprocket wheel 52 as well as a driven sprocket wheel 53
integrally mounted on the rear wheel 16.

The cylinder portion 47 includes a cylinder head 56, an
intake device 38 connected to a rear portion of the cylinder
head 56, and an exhaust device 61 connected to a front portion
of the cylinder head 56.

The 1ntake device 58 1s constituted of an intake pipe 63
connected to the cylinder head 56, a throttle body 64 con-
nected to the intake pipe 63, and an air cleaner 67 connected
to the throttle body 64 by way of a connecting tube 66.

The exhaust device 61 1s constituted of an exhaust pipe 71
having one end thereof connected to the cylinder head 56, and
a muiller 72 connected to another end of the exhaust pipe 71.

Here, numeral 81 indicates a front fender, numeral 82
indicates a protector covering a lower front portion of the
front fork 13, numeral 83 indicates a radiator, numeral 84
indicates a fuel tank, numeral 86 indicates a seat, numeral 87
indicates a rear fender, and a numeral 91 indicates a rear
cushion unit having an upper end thereof connected to the
upper brackets 31, 32 side and a lower end thereof joined to
the rear fork 17 and pivot plates 24, 26 sides by way of a link
mechanmism 92.

FIG. 2 1s a front view of the front fork according to the
present invention. The front fork 13 1s constituted of a left
cushion unit 101, a right cushion unit 102, a top bridge 103
and a bottom bridge 104, which respectively connect the left
cushion unit 101 and the right cushion unit 102, and a steering
stem 106 which 1s mounted on center portions of the respec-
tive top bridge 103 and bottom bridge 104. The steering stem
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106 1s rotatably mounted on the head pipe 21. Here, numerals
111 and 112 indicate a washer and a nut for fixing the steering
stem 106 to the top bridge 103, respectively, and numeral 113
indicates a front-wheel-use axle.

The above-mentioned left cushion unit 101 and right cush-
ion unit 102 are made different from each other with respect
to at least the internal structure and a portion for supporting,
the front-wheel-use axle 113. The detailed structure of the left
and right cushion units 101, 102 1s explained hereinaiter 1n
conjunction with FIG. 3 and FIG. 4.

FI1G. 3(a) and FIG. 3(b) are cross-sectional views ol the left
cushion unit according to the present invention, wherein FIG.
3(a) shows an upper portion of the left cushion unit 101, and
FIG. 3(b) shows a lower portion of the left cushion unit 101.

In FIG. 3(a) and FIG. 3(b), the left cushion unit 101 1s of an
inverted type, and includes an outer tube 121 mounted on an
upper portion of the left cushion unit 101, an upper tube 122
joined to an mner surface of an upper end portion of the outer
tube 121 by threaded engagement and arranged inside the
outer tube 121, a lower tube 123 mounted on a lower portion
of the upper tube 122, an 1inner tube 124 movably fitted in the
outer tube 121 and extending downwardly from the outer tube
121, an axle support portion 126 mounted on a lower end of
the inner tube 124 for supporting the front-wheel-use axle
113 (see FI1G. 2), a hollow iner rod 127 having a lower end
thereof mounted on the axle support portion 126 and extend-
ing upwardly, a piston 131 mounted on an upper end of the
hollow innerrod 127 and slidably arranged 1n the inside of the
lower tube 123, a lower shatt sealing member 132 sealing a
lower end portion of the lower tube 123, an upper shaft
sealing member 133 joined to an inner surface of an upper end
portion of the upper tube 122 by threaded engagement and
sealing an upper end portion of the upper tube 122, a hollow
upper rod 134 extending downwardly from the upper shait
sealing member 133, an upper sub-piston 136 mounted on a
lower end of the hollow upper rod 134, a floating piston 138
movably fitted 1n the hollow upper rod 134 and biased by a
compression coil spring 137, and a working o1l (not shown 1n
the drawing) filled 1n the mnside of the left cushion unit 101.

The axle support portion 126 1s integrally formed with a
caliper bracket 139 which constitutes the brake caliper 44 (see
FIG. 1). Here, numeral 126a indicates an axle insertion hole
formed 1n the axle support portion 126 for allowing the front-
wheel-use axle 113 to pass therethrough, and numerals 139a,
139b indicate mounting holes formed 1n the caliper bracket
139 for mounting the caliper body (not shown in the drawing)
which constitutes the brake caliper 44 on the caliper bracket
139.

In the above-mentioned left cushion unit 101, portions
except for the outer tube 121 and the mnner tube 124, that is,
portions which generate a compression-side damping force or
an extending-side damping force due to the piston 131, the
upper sub piston 136, the tloating piston 138 and a damping-
force adjusting rod 141 (explained 1n detail later) constitute a
left damper 140.

That 1s, the left cushion unit 101 does not include a com-
pression coil spring for alleviating the vibrations and the
shocks arranged between the outer tube 121 side and the inner
tube 124 side.

An outer diameter of a cylindrical left upper fitting portion
121a of the outer tube 121 constituting a portion fitted on the
top bridge 103 1s expressed as DL1 and an outer diameter of
a cylindrical left lower fitting portion 121b of the outer tube
121 constituting a portion {itted on the bottom bridge 104 1s
expressed as DL2, and a relationship of DL1<DL2 is estab-
lished. The outer diameter of the outer tube 121 1s gradually
increased from the left upper fitting portion 121a to the left
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lower fitting portion 121b forming the outer tube 121 1n a
tapered shape, and the outer diameter of the outer tube 121 1s
also gradually decreased from the left lower fitting portion
121b to the lower end of the outer tube 121 forming the outer
tube 121 1n a tapered shape. Here, in the drawing, symbol
DL3 indicates an outer diameter of the lower tube 123.

In the drawing, the left cushion unit 101 1s 1n a full extended
state. When the left cushion unit 101 1s compressed from such
a state, the piston 131 1s elevated relative to the lower tube 123
and a compression-side leat valve of the piston 131 1s opened
by the working o1l. When the leaf valve 1s opened, a compres-
s1on-side damping force 1s generated. Here, the mnner rod 127
advances toward the inside of the lower tube 123 and hence,
the working o1l in the inside of the lower tube 123 opens a
compression-side leal valve of the upper sub-piston136 by an
amount corresponding to a volume of an advanced portion of
the mnner rod 127, passes the leaf valve, and flows into the
inside of the upper tube 122, thus moving the floating piston
138 upwardly. Accordingly, a compression-side damping
force 1s also generated due to such an operation.

Further, when the compressed left cushion umt 101
extends, the piston 131 1s lowered relative to the lower tube
123 and an extending-side leaf valve of the piston 131 1s
opened by the working o1l and hence, the extending-side
damping force 1s generated. Here, since the mner rod 127 1s
retracted from the inside of the lower tube 123, the working,
o1l 1n the mside of the upper tube 122 opens the extending-
side leal valve of the upper sub-piston 136 by an amount
corresponding to a volume of a retracted portion of the inner
rod 127, passes the leaf valve, and flows 1nto the 1side of the
lower tube 123, thus moving the floating piston 138 down-
wardly. Accordingly, the extending-side damping force 1s
also generated due to such an operation.

Further, in the left cushion unit 101, the damping force
adjusting rod 141 1s arranged in the inside of the upper shatt
sealing member 133 and the upper rod 134 1n a rotatable
manner as well as 1n a vertically movable manner. By rotating
the damping-force adjusting rod 141, a needle valve 141a
mounted on a distal end of the damping-force adjusting rod
141 moves upwardly and downwardly 1n a flow passage of the
working o1l to change a cross-sectional area of the flow pas-
sage. When the left cushion unit 101 1s extended or retracted,
a flow rate of the working o1l passing through the upper
sub-piston 136 1s controlled and hence, the damping force 1s
adjusted.

According to the present invention, the caliper bracket 139
mounted on the brake caliper 44 (see FIG. 1) constituting the
disc brake 43 (see FIG. 1) 1s provided to the left cushion unit
101. Accordingly, a weight of the left cushion unit 101 con-
stituted of only the left damper 140 1s increased by an amount
corresponding to a weight of the caliper bracket 139. Accord-
ingly, it 1s possible to approximate the weight of the left
cushion unit 101 to a weight of the right cushion unit 102 thus
enhancing a weight balance between the right cushion unit
102 and the left cushion unit 101.

FIG. 4(a) and FIG. 4(b) are cross-sectional views of the
right cushion unit according to the present invention, wherein
FIG. 4(a) shows an upper portion of the right cushion unit 102
and FI1G. 4(b) shows a lower portion of the right cushion unit
102. Constitutions 1dentical with the corresponding constitu-
tions of the left cushion unit 101 shown 1n FIG. 3(a) and FIG.

3(b) are given the same symbols and their detailed explana-
tion 1s omitted.

In FIG. 4(a) and FIG. 4(b), the rnnght cushion unit 102 is a
hydraulic buifer of an inverted type and includes an outer tube
151 mounted on an upper portion of the right cushion unit
102, an upper tube 152 joined to an inner surface of an upper
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end portion of the outer tube 151 by threaded engagement and
arranged 1nside the outer tube 151, a lower tube 153 mounted
on a lower portion of the upper tube 152, an nner tube 124
movably fitted 1n the outer tube 151 and extending down-
wardly from the outer tube 151, an axle support portion 156
mounted on a lower end of the mner tube 124 for supporting,
the front-wheel-use axle 113 (see FIG. 2), a hollow 1nner rod
127 having a lower end thereof mounted on the axle support
portion 156 and extending upwardly, a piston 161 mounted on
an upper end of the inner rod 127 and slidably arranged in the
inside of the lower tube 153, a lower shaft sealing member
162 secaling a lower end portion of the lower tube 153, an
upper shatt sealing member 133 joined to an 1nner surface of
an upper end portion of the upper tube 152 by threaded
engagement and closing an upper end portion of the upper
tube 152, an upper rod 134, an upper sub-piston 136, a tloat-
ing piston 138, a compression coil spring 169 having one end
thereol supported on the lower tube 153 and having another

end thereol supported on the axle support portion 156, and a
working o1l (not shown 1n the drawing) filled 1in the mside of
the right cushion unit 102. Here, numeral 156a indicates an
axle msertion hole formed in the axle support portion 156 for
allowing the front-wheel-use axle 113 to pass therethrough.

That 1s, the right cushion unit 102 includes a compression
coil spring 169 extending between an outer-tube-151 side and
an mner-tube-124 side, and portions except for the outer tube
151, the 1nner tube 124 and the compression coil spring 169.
A right damper 170 1s constituted of portions for generating a
compression-side damping force or an extending-side damp-
ing force due to the piston 161, the upper sub piston 136, the
floating piston 138 and the damping-force adjusting rod 141.

An outer diameter of a cylindrical right upper fitting por-
tion 151a of the outer tube 151 constituting a portion fitted on
the top bridge 103 1s expressed as DR1 and an outer diameter
of a cylindrical right lower fitting portion 151b of the outer
tube 151 constituting a portion fitted on the bottom bridge 104
1s expressed as DR2, and a relationship of DR2>DR1 1s
established. The outer diameter of the outer tube 151 1s gradu-
ally increased from the right upper fitting portion 151a to the
right lower fitting portion 151b forming the outer tube 151 in
a tapered shape, and the outer diameter of the outer tube 151
1s also gradually decreased from the right lower fitting portion
151b to the lower end of the outer tube 151 forming the outer
tube 151 1n a tapered shape.

Further, to compare the outer diameter DL1 of the left
upper fitting portion 121a and the outer diameter DL2 of the
lett lower fitting portion 121b of the outer tube 121 shown 1n
FIG. 3(a) with the above-mentioned outer diameters DRI,
DR2 respectively, relationships of DL1=DR1, DL.2=DR2 are
established.

Further, for example, for setting the modulus of rupture of
the lett cushion unit 101 larger than modulus of rupture of the
right cushion unit 102, the relationship of DL1>DR1 and the
relationship of DL2>DR2 are adopted. For setting the modu-
lus of rupture of the right cushion unit 102 larger than the
modulus of rupture of the left cushion umt 101, the relation-
ship of DR1>DL1 and the relationship of DR2>DL2 are
adopted.

Symbol DR3 in the drawing indicates an outer diameter of
the lower tube 153, symbol DR4 indicates an outer diameter

of the compression coil spring 169. To compare the outer
diameter DL3 of the lower tube 123 shown 1n FIG. 3 with the

outer diameter DR3 of the lower tube 153, the relationship of
DL3>DR3 1s established. Further, the relationship between
the outer diameter DL3 and the outer diameter DR4 of the
compression coil spring 169 1s set to DL3=<DR4. Still further,
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the relationship between the outer diameter D13 and the outer
diameter DR3 1s set to DL3>DR3.

As described above, the left cushion unit 101 does not
include a compression coil spring and hence, the outer diam-
cter of the left damper 140, for example, the outer diameter
DL3 of the lower tube 123 1s set larger than the outer diameter
of the nnght damper 170, for example, the outer diameter DR3
of the lower tube 153. To be more specific, the outer diameter
of the left damper 140 can be 1increased up to the outer diam-
cter DR4 of the compression coil spring 169 and hence, it 1s
possible to set the damping force of the left damper 140 larger
than the damping force of the right damper 170.

In the drawing, the right cushion umt 102 1s in a fully
extended state. When the right cushion unit 102 1s com-
pressed from such a state, the piston 161 1s elevated relative to
the lower tube 153 and a compression-side leaf valve of the
piston 161 1s opened by the working o1l. When the leaf valve
1s opened, the compression-side damping force 1s generated.
Here, since the inner rod 127 advances toward the inside of
the lower tube 153, the working o1l in the 1nside of the lower
tube 153 opens a compression-side leal valve of the upper
sub-piston 136, passes the leaf valve, and flows 1nto the mside
of the upper tube 152 by an amount corresponding to a vol-
ume of an advanced portion of the inner rod 127, thus moving
the floating piston 138 upwardly. Accordingly, a compres-
sion-side damping force 1s also generated due to such an
operation.

Further, when the compressed right cushion unit 102
extends, the piston 161 1s lowered relative to the lower tube
153. When an extending-side leaf valve of the piston 161 1s
opened by the working o1l, the extending-side damping force
1s generated. Here, since the mner rod 127 1s retracted from
the mside of the lower tube 153, the working o1l 1n the mside
of the upper tube 152 opens the extending-side leaf valve of
the upper sub-piston 136, passes the leaf valve, and tlows 1nto
the mside of the lower tube 133 by an amount corresponding
to a volume of a retracted portion of the inner rod 127, thus
moving the floating piston 138 downwardly. Accordingly, the
extending-side damping force1s also generated due to such an
operation.

Further, 1in the right cushion unit 102, the damping force
can be adjusted by rotating the damping force adjusting rod
141 1n the same manner as the left cushion unit 101.

As explained heretofore 1n conjunction with FIGS. 3 and
FIG. 4, the present invention 1s directed to a suspension struc-
ture which includes the right cushion unit 102 and the left
cushion unit 101 as the pair of right-and-left cushion unaits,
wherein the right cushion unit 102 1s constituted of the com-
pression coil spring 169 and the right damper 170 forming the
first damper, and the left cushion unit 101 1s constituted of
only the left damper 140 having the outer diameter DL3
substantially equal to or smaller than the outer diameter DR4
of the compression coil spring 169 and larger than the outer
diameter DR3 of the nght damper 170. Since the left cushion
umt 101 1s constituted of only the left damper 140, the struc-
ture of the suspension can be simplified and hence, the sus-
pension structure can be manufactured at a low cost thus
suppressing the increase of cost.

Further, the compression coil spring 1s not provided to the
left cushion unit 101 and hence, 1t 1s possible to reduce a
triction of the left cushion unit 101 thus enhancing the oper-
ability of the left cushion unit 101.

In the present invention, the right cushion unit 102 and the
left cushion unit 101 are joined to each other using the top
bridge 103 and the bottom bridge 104 to form the front fork
13. The front fork 13 1s steerably supported on the vehicle
body, and the outer diameter of the right upper fitting portion
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151a constituting the upper support portion supported on the
top bridge 103 and the outer diameter of the right lower fitting,
portion 151b constituting the lower support portion supported
on the bottom bridge 104 are made ditferent from each other.
The outer diameter of the left upper fitting portion 121a
constituting the upper support portion supported on the top
bridge 103 and the outer diameter of the left lower {fitting,
portion 121b constituting the lower support portion supported
on the bottom bridge 104 are made different from each other.
For example, by making the respective modul1 of rupture 1n
the longitudinal direction of both the right cushion unit 102
and the left cushion unit 101 different from each other, 1t 1s
possible to enhance the balance of modulus of rupture
between the right cushion unit 102 and the left cushion unit
101.

Further, 1n the present invention, the right cushion unit 102
and the left cushion unit 101 are joined to each other using the
top bridge 103 and the bottom bridge 104 thus constituting the
front fork 13. The front fork 13 1s steerably supported on a
vehicle body side, and the outer diameters of the right upper
fitting portion 151a and the left upper fitting portion 121a of
the nght and left right cushion units 102, 101 supported on the
top bridge 103, respectively, are different from each other.
The outer diameters of the right lower fitting portion 151b and
the lett lower fitting portion 121b of the rght and lett cushion
units 102, 101 supported on the bottom bridge 104, respec-
tively, are made different from each other. Accordingly, for
example, the modulus of rupture of the cushion unit having a
smaller modulus of rupture among the right and left cushion
units 102, 101 can be increased by increasing the outer diam-
cter of the right upper fitting portion 151a or the left upper
fitting portion 121a of the right or left cushion unit 102, 101
supported on the top bridge 103, and increasing the outer
diameter of the right lower fitting portion 151b or the leit
lower fitting portion 121b of the right or left cushion unit 102,
101 supported on the bottom bridge of the cushion unit, thus
approximating the modulus of rupture of the cushion unit
having the smaller modulus of rupture to the modulus of
rupture of the cushion unit having a higher modulus of rup-
ture, whereby the balance of the modulus of rupture between
the right cushion unit 102 and the left cushion unit 101 can be
enhanced.

The suspension structure of the present invention 1s pret-
erably applicable to a motorcycle.

Although a specific form of embodiment of the instant
invention has been described above and illustrated in the
accompanying drawings in order to be more clearly under-
stood, the above description 1s made by way of example and
not as a limitation to the scope of the mstant invention. It 1s
contemplated that various modifications apparent to one of
ordinary skill 1n the art could be made without departing from
the scope of the imvention which 1s to be determined by the
following claims.

We claim:

1. A suspension structure, comprising:

paired first and second cushion units disposed on opposite
sides of a steering stem, 1n a vehicle width direction,

said first cushion unit comprising a compression coil
spring for alleviating vibrations and shocks and a first
damper for damping vibrations and shocks, said com-
pression coil spring extending between a lower tube of
said first cushion unit and an axle support portion of a
vehicle,

said second cushion unit comprising a second damper hav-
ing an outer diameter smaller than an outer diameter of

10

said compression coil spring 1n said first cushion unit
and larger than an outer diameter of said first damper 1n

said first cushion unait,
wherein said second cushion does not include a compres-
d sion coil spring extending between a lower tube of said
second cushion unit and the axle support portion of the

vehicle,
wherein said first and second cushion units are connected
to each other by a top bridge and a bottom bridge, said
first cushion unit, said second cushion unit, said top
bridge and said bottom bridge cumulatively forming a
front fork,

wherein said front fork is steerably supported on a vehicle
body,

wherein an outer diameter of an upper fitting of said first
cushion unit, supported on said top bridge, and an outer
diameter of an upper fitting of said second cushion unat,
supported on said top bridge, are different from each
other,

wherein an outer diameter of a lower fitting of said first

cushion unit, supported on said [top] bottom bridge, and
an outer diameter of a lower fitting of said second cush-
ion unit, supported on said [top] bottom bridge, are dif-
ferent from each other.

2. The suspension structure according to claim 1, wherein
said second cushion unmit includes a caliper bracket mounted
to a brake caliper, said brake caliper being a component of a
disc brake.

3. The suspension structure according to claim 2,

wherein the outer diameter of said upper fitting of said first

cushion unit, supported on said top bridge, and the outer
diameter of said lower fitting of said first cushion unit,
supported on said bottom bridge, are different from each
other, and

wherein the outer diameter of said upper fitting of said

second cushion unit, supported on said top bridge, and
the outer diameter of said lower fitting of said second
cushion unit, supported on said bottom bridge, are dii-
ferent from each other.

4. The suspension structure according to claim 3, wherein
an outer diameter of said outer tube of said second cushion
umt 1s gradually increased from said upper fitting of said
second cushion unit to said lower fitting of said second cush-
45 1on unit to a lower end of said outer tube of said second

cushion unit 1n a tapered shape.

5. The suspension structure according to claim 2, wherein
an outer diameter of said outer tube of said second cushion
unit 1s gradually increased from said upper fitting of said

50 second cushion unit to said lower fitting of said second cush-
ion unit to a lower end of said outer tube of said second
cushion unit 1n a tapered shape.

6. The suspension structure according to claim 1,

wherein the outer diameter of said upper fitting of said first

cushion unit, supported on said top bridge, and the outer
diameter of said lower fitting of said first cushion unit,
supported on said bottom bridge, are different from each
other, and

wherein the outer diameter of said upper fitting of said

second cushion unit, supported on said top bridge, and
the outer diameter of said lower fitting of said second
cushion unit, supported on said bottom bridge, are dii-
ferent from each other.

7. The suspension structure according to claim 6, wherein
65 an outer diameter of said outer tube of said second cushion

unit 1s gradually increased from said upper fitting of said
second cushion unit to said lower fitting of said second cush-
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ion unit to a lower end of said outer tube of said second
cushion unit 1n a tapered shape.

8. The suspension structure according to claim 1, wherein
an outer diameter of said outer tube of said second cushion
unit 1s gradually increased from said upper fitting of said 5
second cushion unit to said lower fitting of said second cush-
ion unit to a lower end of said outer tube of said second
cushion unit 1n a tapered shape.

G x e Gx o
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