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(57) ABSTRACT 
Ashock absorbing section (10) of a shoe sole (1) is provided 
With a shearing transformation element (11). This shearing 
transformation element (11, 11A) is supported at an upper 
position dislocated forWard With respect to a grounding 
surface (20) so that it performs a shearing transformation 
independently due to a load applied from above. 
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SHOE SOLE WITH SHOCK ABSORBER 
STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part of the US. 
patent application naming the same inventor that Was 
assigned Ser. No. 09/431,285 and an Oct. 29, 1999 ?ling 
date. The entire disclosure of this application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a shoe sole and, 
more particularly, to a shock absorber structure for a shoe 
sole. 

[0004] 2. Description of the Related Art 

[0005] Shoe soles are required to have shock absorbing 
performance. 
[0006] In prior art shoe soles, generally, the grounding 
shock While Walking is absorbed by the loss of energy by 
compression transformation of a shock absorbing section, 
such as the midsole. HoWever, the absorption (or loss) of 
energy by only compression transformation is generally so 
loW that sufficient shock absorption is not achieved. If the 
midsole is thickened to raise the energy loss, on the other 
hand, the shoe sole loses its light Weight. 

[0007] Hack US. Pat. No. 2,833,057 and Hack et al US. 
Pat. No. 2,930,149 disclose an outer sole provided With 
corrugations, undulations and projections each having a 
ground engaging triangular section. HoWever, in this prior 
art, because these elements are triangular in section, they 
generate a large bending transformation, While scarcely 
performing any shearing transformation. 

[0008] FIG. 15 herein is a perspective vieW of the shoe 
sole disclosed in Yamashita et al US. Pat. No. 5,718,063. 
This prior art discloses a midsole 500 provided With an 
element 501. HoWever, because the element 501 is integrally 
formed With the side face of the midsole 500, the midsole 
500 performs only a compression transformation as the 
midsole 500 is compressed. This is because the element 501 
is not an element that transforms independently from the 
compression transformation element. 

[0009] In Hack, Hack et al., and Yamashita et al., the 
elements discussed herein are identically formed on both the 
medial and the lateral sides of the foot. Hence, these 
elements can not assist in suppressing pronation. 

SUMMARY OF THE INVENTION 

[0010] It is, therefore, an object of this invention to 
improve the shock absorption by redesigning the structure of 
the shoe sole. 

[0011] In order to achieve the above-speci?ed object, 
according to a ?rst aspect of the invention, a shoe sole is 
provided With a shock absorbing section With a shearing 
transformation element. This shearing transformation ele 
ment is supported by a support member at an upper position 
dislocated forWard With respect to a grounding surface so 
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that When a load is applied from above it performs a shearing 
transformation independently in such a manner as to fall 
forWard. 

[0012] second aspect of this invention is directed to a shoe 
sole having a midsole interposed betWeen an upper suited 
for enveloping an instep and an outer sole having a treading 
face on its outer surface. The midsole includes a shearing 
transformation element. This shearing transformation ele 
ment has a front end face and a rear end face. The front end 
face and the rear end face of the shearing transformation 
element are individually inclined forWard as they go 
upWard. With these inclinations of the tWo end faces, the 
shearing transformation element performs the shearing 
transformation in such a manner as to fall forWard When a 

load is applied by the user’s foot at grounding time during 
Walking or running. 

[0013] When the load W from above is applied by the 
user’s foot at the grounding time during Walking or running, 
according to this invention, the shearing transformation 
element falls forWard. In effect,the load W creates not only 
a compression transformation but also a shearing transfor 
mation. Generally, the absorption of energy by the shearing 
transformation is far higher than that by the compression 
transformation so that even a small shearing transformation 
can absorb a high amount of energy. This enables a compact 
structure to exhibit high shock absorption. 

[0014] There have been proposed in the prior art a number 
of midsoles having shock absorbing elements formed of 
extremely thin columns, Which perform transformations by 
falling forWard and backWard. HoWever, these extremely 
thin columns perform bending transformations not the shear 
ing transformations of this invention. 

[0015] In order to perform sufficient shearing transforma 
tion, the shearing transformation element is required to have 
a planar section of a predetermined siZe. In other Words, the 
shearing transformation element has to be able to perform 
the required shearing transformation Without any substantial 
bending transformation. For example, in a preferred embodi 
ment, the shearing transformation element has a planar 
sectional area of preferably 4 cm2 or more and most pref 
erably 6 cm2 or more. Thus, the scope of this invention does 
not include the prior art thin rod-shaped or plate-shaped 
elements Which are formed into a truss or honeycomb shape. 

[0016] In the preferred embodiments of the present inven 
tion, axes formed of loci of centers of plane sections of said 
shearing transformation elements are inclined forWard as 
they go upWard, respectively. Thereto betWeen the plurality 
of shearing transformation elements, there are provided soft 
shock absorbing elements Which have a smaller Young’s 
modulus than that of the shearing transformation elements 
so that the individual shearing transformation elements can 
perform shearing transformations Without any restriction 
from each other. 

[0017] In another preferred embodiment of the present 
invention, at least the front end face or the rear end face of 
the shearing transformation element is provided in proximity 
or contiguity With a soft shock absorbing element. The soft 
shock absorbing element is set to have a smaller Young’s 
modulus than that of the shearing transformation element so 
as to alloW the shearing transformation of the shearing 
transformation element. 
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[0018] Because the shearing transformation element is 
provided in proximity With the soft shock absorbing ele 
ment, the shearing transformation element transforms easily 
to suf?ciently perform the shearing transformation function. 

[0019] A third aspect of this invention is directed to a shoe 
sole having a midsole interposed betWeen an upper suited 
for enveloping an instep and an outer sole having a treading 
face on its outer surface. The midsole comprises: a com 
pression transformation element performing a compression 
transformation due to a load applied from above; a shearing 
transformation element performing a shearing transforma 
tion in such a manner as to fall forWard due to the load 
applied from above; and a soft shock absorbing element. The 
shearing transformation element has a holloW portion 
adapted to enclose the soft shock absorbing element. The 
soft shock absorbing element is loaded into the holloW 
portion. The soft shock absorbing element is set to have a 
smaller Young’s modulus than that of the shearing transfor 
mation element so as to alloW the shearing transformation of 
the shearing transformation element. 

[0020] In this aspect, because the shearing transformation 
element has the holloW portion, the shearing transformation 
element can transform easily. Furthermore, because the soft 
shock absorbing element is loaded into the holloW portion, 
it does not hold back the transformation of the shearing 
transformation element, and that is Why the shearing trans 
formation element can suf?ciently perform the shearing 
transformation function. 

[0021] A fourth aspect of this invention is directed to a 
shoe sole having a midsole interposed betWeen an upper 
suited for enveloping an instep and an outer sole having a 
treading face on its outer surface. The midsole comprises: a 
compression transformation element performing a compres 
sion transformation due to a load applied from above; and a 
shearing transformation element disconnected from the 
compression transformation element. The shearing transfor 
mation element has a front end face and a rear end face. The 
front end face and the rear end face of the shearing trans 
formation element are individually inclined forWard as they 
go upWard. Thereby With these inclinations of the tWo end 
faces, the shearing transformation element has a longitudinal 
section, as taken in the longitudinal direction, formed into a 
generally parallelogram shape, and the shearing transforma 
tion element performs a shearing transformation due to a 
load at a grounding time of a Walking or running user’s foot. 

[0022] The shearing transformation element of the present 
aspect transforms independently from the compression 
transformation element, and has scarcely the continuity of 
transformation With respect to the compression transforma 
tion element. Consequently, satisfactory shearing transfor 
mation is exhibited. In addition, the shearing transformation 
element has a longitudinal section, as taken in the longitu 
dinal direction, formed into a generally parallelogram shape. 
Consequently, it exihibits satisfactory shearing transforma 
tion Without performing any bending transformation. 

[0023] A ?fth aspect of this invention is directed to a shoe 
sole having a midsole interposed betWeen an upper suited 
for enveloping an instep and an outer sole having a treading 
face on its outer surface. The midsole comprises: a com 
pression transformation element performing a compression 
transformation due to a load applied from above; and a 
shearing transformation element having minimal continuity 
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of transformation relationship to the compression transfor 
mation element. The shearing transformation element has a 
front end face and a rear end face. The front end face and the 
rear end face of said shearing transformation element are 
individually inclined forWard as they go upWard. Thereby 
With these inclinations of the tWo end faces, the shearing 
transformation element performs a shearing transformation 
due to a load at a grounding time of a Walking or running 
user’s foot, the compression transformation element per 
forms the compression transformation to absorb shock. The 
shearing transformation element is essentially disposed at a 
lateral side of a rear foot part in the midsole and is scarcely 
disposed or not disposed at all at a front foot part and a 
medial side of the rear foot part in the midsole. 

[0024] In this aspect, the shearing transformation element 
is disposed at the lateral side of the rear foot part in the 
midsole. HoWever, the shearing transformation element is 
not disposed at the medial side of the foot in the midsole. 
Consequently, at the time of landing on the ground, the 
lateral side portion of the foot in the midsole performs 
shearing transformation as Well as compression transforma 
tion, and absorbs the shock applied to the lateral side of the 
foot at the time of grounding. On the other hand, since no 
shearing transformation element is provided on the medial 
side of the foot, the medial side portion of the foot performs 
the compression transformation only and does not perform 
shearing transformation, and that is Why it does not greatly 
transform. As a result, the pronation of the inclining foot 
toWard the medial side is able to be suppressed. That is, in 
the present invention, even if the lateral side portion of the 
midsole greatly transforms at the time of grounding, the 
medial side portion is not easily transformed. Consequently 
the pronation is able to be successfully suppressed. 

[0025] Asixth aspect of this invention is directed to a shoe 
sole having a midsole interposed betWeen an upper suited 
for enveloping an instep and an outer sole having a treading 
face on its outer surface. The midsole has a shearing 
transformation element, the shearing transformation element 
performs a shearing transformation due to a load at a 
grounding time of a Walking or running user’s foot. 

[0026] Either an upper end face or a loWer end face of the 
shearing transformation element is provided in proximity 
With a soft shock absorbing element Which is set to have a 
smaller Young’s modulus than that of the shearing transfor 
mation element. 

[0027] In this aspect, because the shearing transformation 
is performed by not only the shearing transformation ele 
ment but also the soft shock absorbing element, the shearing 
transformation element can easily perform the shearing 
transformation. Therefore, shock absorption is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] This invention Will be more clearly understood 
from the folloWing description of its preferred embodiments, 
as made With reference to the accompanying draWings. 
HoWever, these embodiments and draWings are presented 
merely for illustration and explanation and should not be 
employed to de?ne the scope of the invention. The scope of 
this invention is de?ned on the basis of the appended claims. 
In the accompanying draWings, common reference numerals 
designate identical or corresponding portions or elements. 
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[0029] FIGS. 1(a ) and 1(b) show a ?rst speci?c embodi 
ment of the invention, respectively. FIG. 1(a ) is a plan vieW 
of a midsole Wherein outer sole is not af?xed. FIG. 1(b ) is 
a side elevation of this shoe sole With the outer sole af?xed 
thereto. 

[0030] FIG. 2 is a perspective vieW of a shoe having the 
sole and midsole of FIGS. 1(a ) and 1(b ) taken obliquely 
from the back of the shoe. 

[0031] FIG. 3 is an exploded perspective vieW of the shoe 
shoWn in the aforedescribed Figures Wherein the shock 
absorbing section and the support member are disassembled. 

[0032] FIG. 4 is an exploded perspective vieW of the shoe 
shoWn in the aforedescribed Figures Wherein the foam and 
the soft shock absorbing member of the shock absorbing 
section are disassembled. 

[0033] FIG. 5 is a sectional vieW taken along line V-V of 
FIG. 1(a). 

[0034] FIG. 6(a ) is a sectional vieW shoWing the principle 
of the invention. FIGS. 6(b ) and 6(c ) are sectional vieWs 
shoWing other embodiments of the invention. 

[0035] FIGS. 7(a ) and 7(b ) shoW a second speci?c 
embodiment of the invention. FIG. 7(a ) is a plan vieW of 
a midsole Wherein outer sole is not af?xed. FIG. 7(b ) is a 
side elevation of this shoe sole With the outer sole af?xed 
thereto. 

[0036] FIG. 8 is a perspective vieW of the shoe having the 
sole and midsole of FIGS. 7(a ) and 7(b ) taken obliquely 
from the back of the shoe. 

[0037] FIG. 9 is an exploded perspective vieW of the 
midsole of aforedescribed Figures Wherein the midsole is 
disassembled. 

[0038] FIG. 10 is an exploded perspective vieW of the 
midsole shoWn in the aforedescribed Figures Wherein the 
midsole is further disassembled. 

[0039] FIG. 11 is a sectional vieW taken along line XI-XI 
of FIG. 7(a 

[0040] FIGS. 12(a ) through 12(d ) are diagrammatic 
vieWs of the shoe sole including a shearing transformation 
element each of Which is a variant of the second embodi 
ment. 

[0041] FIGS. 13(a ) and 13(b ) are perspective vieWs of 
the shearing transformation element each of Which is a 
variant of the second embodiment. 

[0042] FIGS. 14(a ) and 14(b ) are perspective vieWs of 
the shearing transformation element in accordance With a 
third speci?c embodiment of the present invention, respec 
tively. 

[0043] FIG. 15 is a perspective vieW of a shoe sole 
disclosed in US. Pat. No. 5,718,063. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] The invention Will be described in connection With 
its embodiments With reference to the accompanying draW 
ings. 
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Principle Embodiment 

[0045] Here Will be described the fundamental structure 
and principle of the invention in connection With the 
embodiment shoWn in FIG. 6(a 

[0046] A shoe sole 1 is provided With a shock absorbing 
section 10. This shock absorbing section 10 has a ?rst 
shearing transformation element 11 and a compression trans 
formation element 12. The shearing transformation element 
11 is supported by a support member 3 at an upper position 
dislocated forWard F With respect to a grounding surface 20 
of the sole 1. The shearing transformation element 11 thus 
performs a shearing transformation independently by falling 
forWard (F direction) due to a load W being applied from 
above. The ?rst shearing transformation element 11 has a 
front end face 11c and a rear end face 11d. In this ?rst 
shearing transformation element 11, the front end face 11c 
and the rear end face 11d are individually inclined forWard 
F as they go upWard. In effect, the ?rst shearing transfor 
mation element 11 has a longitudinal cross section that is 
generally a parallelogram in shape. When a load W Which is 
applied at the grounding time by the user’s foot in Walking 
or running, With the tWo end faces 11c and 11d being thus 
inclined,the ?rst shearing transformation element 11 per 
forms not only a compression transformation but also a 
shearing transformation by falling forWard F, as indicated by 
double-dotted (phantom) lines in FIG. 6(a 

[0047] Still referring to FIG. 6(a ), preferably the tWo end 
faces 11c and 11d have an angle 0 of inclination of about 30 
to 60 degrees. Most preferably, this angle of inclination is 
about 40 to 50 degrees. 

[0048] As used herein, the “shock absorbing section” 
means a portion of the shoe sole, excluding the outer sole (or 
a grounding sole) and the insole that receives the load from 
the foot, and is generally composed of the midsole. On the 
other hand, the support member 3 is generally formed of the 
insole and a cup insole (or a cup-shaped insole). 

[0049] The term “shearing transformation” means a trans 
formation in Which the sectional shape after the transforma 
tion resembles that before the transformation and When a 
load W is applied the inclination angle 0 decreases. In other 
Words, “to perform the shearing transformation” in the 
invention means that the fall of the shearing transformation 
element 11 in the forWard direction F increases to effect the 
shearing transformation When the vertical load W is applied. 
On the other hand, the term “independently” means that the 
continuity of shearing transformation is not associated With 
or has very little relationship to the compression transfor 
mation element 12 other than the shearing transformation 
element 11 is included in the shock absorbing section 10, or 
that the shearing transformation element 11 performs far 
more shearing transformation than that of the compression 
transformation element 12. 

[0050] In this invention, the ?rst shearing transformation 
element 11 may be molded independently from the com 
pression transformation element 12 of the shock absorbing 
section 10 as shoWn in FIG. 6(a Optionally, as shoWn in 
FIG. 6(b ), the ?rst shearing transformation element 11 may 
be molded integrally With the compression transformation 
element 12 through a thin connecting portion 13. 

[0051] Referring to FIG. 6(a ), there may only be one ?rst 
shearing transformation element 11, or as shoWn in FIG. 6(b 
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)and 6(c ) there may be two or more such elements. When 
two or more ?rst shearing transformation elements 11 are 
provided, other soft shock absorbing elements 14 may be 
sandwiched therebetween. 

Speci?c First Embodiment 
[0052] Aspeci?c ?rst embodiment of the invention will be 
described with reference to FIGS. 1 through 5. 

[0053] As shown in FIG. 2, a shoe S is provided with the 
sole 1 and an upper U disposed over the sole 1. This upper 
U is given a suitable shape/structure as to accommodate and 
enclose the foot of a user. As shown in FIG. 1(b ), the sole 
1 is formed by joining the outer sole (or the grounding sole) 
2, the midsole (or the shock absorbing section) 10 and the 
cup-shaped insole (or the support member) 3 integrally with 
each other. Of these, the outer sole 2 has the treading surface 
(or the grounding surface) 20 on its outer surface. The insole 
3 of FIG. 2 is joined to the upper U and receives the load 
W from the foot and is provided with a turned up section 30 
at its rear end portion and at the two side portions (See FIG. 
3). 
[0054] The midsole 10 is interposed between the insole 3 
and the outer sole 2 and is composed of a foam 10a, 
preferably a resin such as EVA, and a soft shock absorbing 
member 10b. Referring to FIG. 3, the upper face and inner 
side face 15 of foam 10a are ?xed to the bottom face or 
turned up section 30 of the insole 3 by an adhesive. 
Referring to FIGS. 1(a ) and 1(b ), the outer sole 2 is ?xed 
to the lower face of the foam 10a. As shown in FIG. 3, this 
foam 10a is provided with the ?rst shearing transformation 
element 11, the second shearing transformation element 
11A, and the compression transformation element 12, which 
consists of the portions other than the two shearing trans 
formation elements 11 and 11A. The compression transfor 
mation element 12 performs compression transformation as 
in the ordinary shoe by absorbing shock. 

[0055] As shown in FIG. 3, the two shearing transforma 
tion elements 11 and 11A are inclined forward and their axis 
C is slanted upward. As shown in FIG. 5, more speci?cally, 
each of the shearing transformation elements 11 and 11A is 
provided with an upper ?xing section 18 and a lower ?xing 
section 19. Of these, the upper ?xing section 18 has front 
and rear end portions 18a and 18b and is ?xed at its upper 
portion via the soft shock absorbing member 10b to the 
insole 3. The lower ?xing section 19 has front and rear end 
portions 19a and 19b and is ?xed at its lower portion to the 
outer sole 2. The front end portion 18a of the upper ?xing 
section 18 is dislocated forward F with respect to the front 
end portion 19a of the lower ?xing section 19. The rear end 
portion 18b of the upper ?xing section 18 is dislocated 
forward F with respect to the rear end portion 19b of the 
lower ?xing section 19. With these two ?xing sections 18 
and 19 being positioned, the individual shearing transfor 
mation elements 11 and 11A perform the shearing transfor 
mation by falling forward F without any substantial bending 
transformation due to the load W applied by the user’s foot 
at the grounding time during walking or running. As a result, 
the shocks from running or walking are absorbed. Further 
more, the “axis C” of FIG. 3 is a locus of the centers of the 
planar sections (or sections parallel to the horiZontal plane) 
of the shearing transformation sections 11 and 11A. 

[0056] Referring to FIGS. 4 and 5, in this embodiment, 
the ?rst shearing transformation element 11 is formed inte 
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grally with the compression transformation element 12 and 
the adjoining second shearing transformation element 11A 
through only the thin connecting portion 13. In order to 
perform a sufficient shearing transformation, the ?rst shear 
ing transformation element 11 is set to have a height H of 
preferably 8 mm or more or most preferably 10 mm or more. 

[0057] As shown in FIG. 3, preferably each of the shear 
ing transformation elements 11 and 11A is disposed outside 
of the rear foot part in the midsole 10. This is because the 
shocks at the grounding time are absorbed, since the foot is 
generally grounded at the running or walking time from the 
outer side portion of the rear foot part. 

[0058] Between those shearing transformation elements 
11 and 11A, there are sandwiched the other soft shock 
absorbing elements 14 which have a smaller Young’s modu 
lus than that of the shearing transformation elements 11 and 
11A. These soft shock absorbing elements 14 allow the 
individual shearing transformation elements 11 and 11A to 
perform their shearing transformations with minimal any 
restriction from each other. 

[0059] As shown in FIG. 5, the soft shock absorbing 
elements 14 are made by ?lling sealed containers 14a made 
of a resin, for example, with the so-called “gel 14b”. These 
soft shock absorbing elements 14 absorb the shocks from the 
overlying support member 3 and, as shown in FIG. 4, are 
arranged in recesses 17 of the foam 10a and in front and at 
the back of the shearing transformation element 11. 

[0060] In the foregoing embodiment, the individual shear 
ing transformation elements 11 and 11A are molded inte 
grally with the foam 10a but may also be separately molded. 
However, the integral molding is preferred because separate 
moldings require a larger number of parts. 

[0061] The following is a description of the preferred 
embodiments shown in FIGS. 7(a ) through 14(b 

Speci?c Second Embodiment 

[0062] Aspeci?c second embodiment of the invention will 
be described with reference to FIGS. 7(a ) through 11. 

[0063] As shown in FIG. 8, a shoe S is provided with the 
sole 1 and an upper U disposed over the sole 1. This upper 
U is given a suitable shape/structure as to accommodate and 
enclose the foot of a user. As shown in FIG. 7(b ), the sole 
1 is formed by joining the outer sole (or the grounding sole) 
2 and the midsole 100 integrally with each other. Of these, 
the outer sole 2 has the treading surface (or the grounding 
surface) 20 on its outer surface. 

[0064] As shown in FIG. 10, the midsole 100 comprises 
a midsole body 110, a mount part 120 and a cap 130. The 
midsole body 110 and the cap 130 are composed of a resin 
such as EVA(ethylene-vinyl acetate copolymer). 

[0065] A rear foot part of the midsole body 110 is formed 
with a loading recess 111. An outer periphery of the midsole 
body 110 is formed with a turned up portion 112. Arear foot 
part of the turned up portion 112 is formed at a lateral side 
portion and a rear surface portion thereof with ?rst and 
second through holes (hollow portions) 114, 115. 

[0066] Referring to FIGS. 10 and 11, the mount part 120 
comprises a gel 121 having a property of a ?uid, a sealed 
vessel 122 formed from a soft resin and ?lled with the gel 








