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as United States
az Patent Application Publication (o) Pub. No.: US 2002/0108270 Al

0827

Williams 43) Pub. Date: Aug, 15, 2002
(54) PLASTIC TOE CAP AND METHOD OF (52) US.CL - 36/77 R
MAKING
(76) TInventor: Jason L. Williams, Erie, PA (US) ) ABSTRACT
Correspondence Address:
RICHARD K THOMSON, ATTORNEY A toe cap is a reinforcement member made of thermoset
7691 FAIRLANE DRIVE structural composite material with a tensile strength of
FAIRVIEW, PA 16415 30,000 psi, a tensile modulus of 2.5x10° psi, a compression
) strength of 35,800 psi, a specific gravity of 1.85, and a
(21) Appl. No.: 10/116,412 Barcol hardness of 65. More preferably, the material has a
_— tensile strength of at least 50,000 psi, a tensile modulus of
2 : .
(22)  Filed Apr. 4, 2002 at least 3.8x10° psi, a compression strength of at least 42,000
Related U.S. Application Data psi, a specific gravity of at least 1.90, and a Barcol hardness
of at least 70. A suitable family of materials is a thermoset
(62) Division of application No. 09/739,461, fited on Dec. vinyl ester based sheet molding compound reinforced with
18, 2000, now Pat. No. 6,367,170. glass fiber and/or carbon fiber. The sheet molding compound
has fiber content of about 63% and a typical fiber length of
| Publication Classification one inch. The maximum wall thickness of the upper portion
of the toe cap is in the range of between 0.100 inch and 0.250
(51) It CL7 e AQC 1Y14  inch
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tensile strength of at least 30,000 psi, a tensile modulus of
at least 2.5x10° psi, a compression strength of atleast 35,800
psi, a specific gravity of at least 1.85, and a Barcol hardness
of at least 65. More preferably, the toe cap 2 is made of a
material which has a tensile strength of at least 50,000 psi,
a tensile modulus of at least 3.8x10° psi, a compression
strength of at least 42,000 psi, a specific gravity of at least
1.90 and a Barcol hardness of at least 70. Materials which
have the desired properties include vinyl ester based sheet
molding compounds reinforced with glass fibers, the com-
pound having 63% by weight glass fibers of lengths in the
range between about % inch and twe inches. A family of
vinyl ester based composites is identified as QC 8000 series
available from Quantum Composites of Midland Mich.,
with a specific preferred material identified as QC 8800.

[0018] FIG. 5 depicts 2 first shaping mold 40 useful in
making the toe cap of the present invention. Mold 40 is a
single cavity mold. The process of making toe cap 20
comprises cutting a swatch 38 of fiber reinforced, vinyl ester
based sheet molding compound to a predetermined size
which is generally slightly larger than the longitudinal and
lateral. The swatch is then inserted into shaping mold which
has first male half 42 and second female half 44. The mold
halves 42 and 44 define a desired shape of the toe cap 20.
The next step in the method of making toe cap 20 involves
compressing the swatch to a pressure between 200 psi and
1000 psi in said shaping mold producing a maximum
thickness in an upper portion of said toe cap which falls in
the range of between 0.062 inch and 0.250 inch. The swatch
38 is cured in the mold at a temperature between 240° and
320° F. for a period of between 1 and 4 minutes. The shaped
toe cap 20 is then ejected from the mold 40. A second mold
(not shown) having a cross section which is a mirror image
of that shown in FIG. 5 is used to produce a right toe cap
20 to complete the pair.

[6019] FIGS. 6a and 6b show a second mold 40’ which
simultaneously forms a left toe cap 20L and a right toe cap
20R (FIGS. 7a and 7b). A swatch 38" which is more than
twice the dimensions of a stagle toc cap 20 is inscrted into
female mold half 44' and male mold half 42" is lowered into
female mold haif 44' and the process defined in conjunction
with molding a single toe cap 20 as described in conjunction
with FIG. § above is carried out. Ejection pins (not shown)
are inserted through apertures 45 to remove the double toe
cap 20d from female mold half 44'. Ogce the double toe cap
20d is ejected from mold 4 (FIGS. 7a and 7b), right toe
cap 20R and left toe cap 20L are separated by cuiting
through interconnecting membrane 21 that has a width of a
single blade thickness.

[0020] The toe cap 20 of the present invention has
improved tensile strength, compressive strength and impact
resistance as compared to other plastic toe caps. In addition,
the toe cap 20 does not suffer from the deficiencies associ-
ated with metal toe caps including permanent deformation,
electrical conductivity and magnetic interaction. The toe cap
20 of the present invention has successfully passed the
compression and impact tests of the ANSI and standards of
other foreign countries.

[6021] Various changes, alternatives and modifications
will become apparent to one of ordinary skifl in the art
following a reading of the foregoing specification. It is
intended that any such changes, alternatives and modifica-

Aug. 15, 2002

tions as fall within the scope of the appended claims be
considered part of the present invention.

[ claim:
1. Atoe cap for reinforcement of shoes, boots and the like,
comprising:

a reinforcement member having a generally C-shaped
cross section, said reinforcement member being made
of thermoset structural composite material with a ten-
sile strength of at least 30,000 psi, a tensile modulus of
at least 2.5x10° psi, a specific gravity of at least 1.85,
and a Barcol hardness of at least 65.

2. The toe cap of claim 1 wherein said materiaf has a

compression strength of at least 35,800 psi.

3. The toe cap of claim I wherein said reinforcement
member has a tensile strength of at least 50,000 psi, a tensile
modutus of at ieast 3.8x16° psi, « specific gravity of at least
1.90 and a Barco!l hardness of at least 70.

4. The toe cap of claim 3 wherein said material has a
compression strength of at least 42,000 psi.

5. The toe cap of claim 1 wherein said generally C-shaped
reinforcement member comprises

2) an upper portion including 2 top surface and a generally
vertical wall portion and,

b) a substantially horizontal base.

6. The toe cap of claim 5 wherein said generally vertical
wall portion is interconnected to said substantially horizon-
tal base by a chamfer.

7. The toe cap of claim 6 wherein said chamfer forms an
angle with said base in a range of between 120° and 150°.

8. The toe cap of claim 7 wherein said chamfer forms an
angle of generally 135° with said base.

9. The toc cap of claim 5 whercin said upper portion has
a maximum thickness which falls in the range of between
0.100 inch and 0.250 inch.

10. The toe cap of claim 9 wherein said upper portion has
a thickened region across an instep which is as much as
0.050 inch thicker than other portions of said toe cap.

11. The toe cap of claim 1 wherein said toe cap is made
of a fiber reinforced, vinyl ester based sheet molding com-
pound.

12. A process of making a toe cap comprising the steps of

a. culting a swatch of fiber reinforced, viny! ester based
sheet molding compound to a predetermined size;

b. inserting said swatch in a shaping mold having a male
and female member which between them, define a
desired shape of said toe cap;

¢. compressing said swatch to a pressure between.200 psi
and 1000 psi in said shaping mold producing a maxi-
mum thickness fn an upper portion of said toe cap
which falls in the range of between 0.100 inch and
0.250 inch;

d. curing said swatch at a temperature between 240° and
" 320° F. for a period of between 1 and 4 minutes;

¢. ejecting said toe cap from said shaping mold.

13. The pracess of claim 12 wherein said cutting step
comprises cutting a swatch with a predetermined size which
is greater than twice the size of said toe cap and said
inserting step involves inserting said swatch into a double
wide mold capable of simultaneously shaping a left toe cap
and a right toe cap.
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tracer probe at each sample point to represent the
“tool” path points (i.e., the center point of the tracer
wheel) on the three-dimensional surface contour of the
respective model last; and the grading operation con-
verts the tool path points to “part” points on the surface
of the model last, grades the part points to represent
different lengths and widths of lasts of the respective
shoe style, and then reconverts the graded part points to
tool path points in the graded digital files.

In a second described embodiment, the digitizing
means comprises an optical device directing an optical
beam, such as a laser beam, against the outer surface of
the model last as the model last is rotated about its
longitudinal axis, and as the optical beam is advanced
parallel to the longitudinal axis of the model last. In this
described embodiment, the digitizing operation directly
measures the part points on the surface of the model
last; and the grading operation grades the part points to
represent different lengths and widths of lasts of the
respective shoe style, and then converts the graded part
points to tool path points in the graded digital files.

As will be described more particularly below, the
novel method and apparatus may be used for making
graded shoe lasts, and also graded components of shoes,
in a quick and efficient manner as compared to the
present techniques. Moreover, the method and appara-
tus of the present invention permits various *holding”
techniques to be conveniently applied in order to hold a
particular dimension of the shoe last for more than one
grade, or to provide a disproportionate change in one or
more dimensions with respect to the other dimensions
among different grades. Such techniques may be used to
avoid distortions in the graded shoes, and also to mini-
mize the initial tooling required to make the shoe com-
ponents.

The method and apparatus may be embodied in new
equipment specifically designed for making shoe lasts or
components in accordance with the invention, or may
be added to existing equipment, e.g., of the panto-
graphic type, to retrofit such equipment for making
graded shoe lasts in accordance with the present inven-
tion.

Further features and advantages of the invention will
be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example
only, with reference to the accompanying drawings,
wherein:

FIG. 1 is a block diagram illustrating one form of
apparatus constructed in accordance with the present
invention for making shoe lasts and/or shoe compo-
nents;

. FIG. 2 illustrates a typical model last representing a
particular shoe style used for producing graded lasts for
the different sizes of the respective shoe style;

FIG. 3 illustrates the digitizing means included in the
apparatus of FIG. 1,

FIG. 4 is a three-dimensional view illustrating the
three axes defining the sample points on the outer sur-
face of the model last;

FIG. § is a block diagram illustrating the digitizer
computer in the system of FIG. ;

FIG. 6 is a flow diagram illustrating the man-machine
interface (MMI) software in the digitizer computer of
FIG. 1;

FIG. 7 is a flow diagram illustrating the operation of
the digitizer computer of FIG. 1;
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FIG. 8 is a flow diagram illustrating the man-machine
interface (MMI) software in the grading computer of
FIG. 1;

FIG. 9 is a flow diagram illustrating the operation of
the grading computer in the system of FIG. 1;

FIGS. 10q and 106 are diagrams helpful in explaining
the manner of determining the part points t.e., the points
on the surface of the model last, from the measured tool
path points;

FIG. 11q illustrates a mode] last and one graded last
produced therefrom, including different part of such
lasts, and also illustrates the manner of modifying the
change in one of the dimensions (i.e., toe spring) in the
produced graded last to avoid distortions;

FIGS. 115 and 11c are diagrams illustrating, in full
lines, lasts which have been graded proportionately,
and in broken lines the modifications of the graded lasts
in order to apply other “holding” techniques for avoid-
ing distortions for minimizing initial tooling costs;

FIG. 12 is a flow diagram illustrating the application
of a “bottom holding™ technique in producing a graded
last;

FIG. 13 is a last diagram helpful in explaining the
heel-height holding technique;

FIG. 14 is a flow diagram explaining the heel-height
holding technique applied to the last illustrated in FIG.
13,

FIGS. 152 and 156 are diagrams helpful in explaining
the manner of modifying the digital data identifying
each sample point on the surface contour of the last
according to the “holding” technique applied to the
last;

FIG. 164 illustrates a last having a number of style-
lines marked thereon to indicate the configurations of
different components used in manufacturing the shoe
corresponding to the last;

FIG. 16b is a flow diagram illustrating the manner of
using the style-lines in FIG. 16a for producing the
graded components used to manufacture the shoes of
the graded lasts;

FIG. 17 illustrates an optical digitizer, namely a laser
system, which may be used for the digitizer in the sys-
tem of FIG. 1; and

FIG. 18 is a flow diagram illustrating the operation of
the grading computer when using the laser digitizer of
FIG. 17.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Overall System Illustrated in FIG. 1

FIG. 1is a block diagram illustrating an overall sys-
tem for making shoe lasts in accordance with the pres-
ent invention. The system includes a digitizer, within
the block generally designated 2, which digitizes a large
number of sample points on the outer surface of a model
last ML representing a particular shoe last style. This
digital information is outputted to a digital computer 4
which produces a model last digital file § representing
the three-dimensional surface contour of the respective
model last.

FIG. 2 illustrates one form of mode! last ML repre-
senting a particular shoe style. Among its other compo-
nents, the illustrated model last ML includes a last bot-
tom LB, a last heel LH, and last sides LS. The juncture
line of the last sides LS with the last bottom LB and last
heel LH is called the feather line FL, and is an impor-
tant element in the shoe style of the respective last. As
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respect to the flow diagram of FIG. 9; rather, this step
is omitted when using the laser probe LP.

FIG. 18 is a flow diagram, corresponding to that of
FIG. 9, illustrating the operation of the grading com-
puter 8 when the model last file § is produced by the
laser probe LP digitizer of FIG. 17. Thus, each sample
point in the model last file is the part contact point (P),
instead of the tool-path point (T) in FIG. 9. The part
contact points {(P) are then graded for lengths and
widths in the same manner as desribed above, and then
the tool path points (T) are calculated according to the
dimensions of the tool to be used in cutting the last. The
kinematic calculations are then made as described
above with respect to FIG. 9 to assure that the accelera-
tion and other constraints are not exceeded, before the
tool path points are recorded in the produced CNC file.

APPLICATIONS OF THE INVENTION

As indicated above, the described method and appa-
ratus may be embodied in new equipment specifically
designed for making shoe lasts or for making the graded
components used in manufacturing the shoes. The in-
vention may also be embodied in existing equipment,
e.g., of the pantographic type, to retrofit such equip-
ment for making graded shoe lasts. Further, the inven-
tion may also be used in CAD/CAM (computer-aided
design/computer-aided manufacture) equipment, for
changing styles or creating new styles, by enabling the
style-designing artisan to display on the screen the
image of the model last from the digital data generated
by the digitizer computer, and then to manipulate the
displayed image, according to the above-described
“holding” techniques or other known graphic manipu-
lating techniques, to modify the displayed style or to
create new styles.

Many other variations, modifications and applica-
tions of the invention may be made.

What is claimed is:

1. A method of making shoe lasts, comprising the
operations:

digitizing a large number of sample points on the

outer surface of a model last representing a particu-
lar shoe style to produce a model last digital file
representing the three-dimensional surface contour
of the respective model last;

grading said model last digital file to produce one or

more graded last digital files each representing a
different last size of the respective shoe style;

and utilizing each of said graded last digital files to

produce a graded shoe last of the respective shoe
style.

2. A method of making shoe lasts, comprising the
operations:

digitizing a large number of sample points on the

outer surface of a model last representing a particu-
lar shoe style to produce a model last digital file
representing the three-dimensional surface contour
of the respective model last;

grading said model] last digital file to produce one or

more graded last digital files each representing a
different last size of the respective shoe style;

and utilizing each of said graded last digital files to

produce a graded shoe last of the respective shoe
style.

wherein the outer surface of the model last is digi-

tized by a tracer probe which is spring-urged into
contact with the outer surface of the model! last as
the model last is continuously rotated about its
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longitudinal axis and as the tracer probe is ad-
vanced parallel to the longitudinal axis of the
model last.

3. The method according to claim 2, wherein the
digitizing operation measures the instantaneous position
of the tracer probe at each sample point to represent the
tool path points at the three-dimensional surface con-
tour of the respective model last; and the grading step
converts said tool path points to surface points of the
model last, grades said surface points to represent differ-
ent lengths and widths of lasts of the respective shoe
style, and then reconverts said graded surface points to
graded tool path points in the graded digital files.

4. A method of making shoe lasts, comprising the
operations:

digitizing a large number of sample points on the

outer surface of a model last representing a particu-
lar shoe style to produce a model last digital file
representing the three-dimensional surface contour
of the respective model last;

grading said model] last digital file to produce one or

more graded last digital files each representing a
different last size of the respective shoe style;

and utilizing each of said graded last digital files to

produce a graded shoe last of the respective shoe
style.
wherein the outer surface of the model last is digi-
tized by an optical device directing an optical beam
against the outer surface of the model last as the
model! last is continuously rotated about its longitu-
dinal axis and as the optical beam is advanced par-
allel to the longitudinal axis of the model last.
5. The method according to claim 4, wherein the
digitizing operation directly measures the surface points
on the model last, and the grading step grades said
surface points to represent different lengths and widths
of lasts of the respective shoe style, and then converts
said graded surface points to graded tool path points in
the graded digital files.
6. A method of making shoe lasts, comprising the
operations:
digitizing a large number of sample points on the
outer surface of a model last representing a particu-
lar shoe style to produce a model last digital file
representing the three-dimensional surface contour
of the respective model last;
grading said model last digital file to produce one or
more graded last digital files each representing a
different last size of the respective shoe style;

utilizing each of said graded last digital files to pro-
duce a graded shoe last of the respective shoe style;

digitizing a large number of sample points on the
feather line of the model last to produce a feather
line digital file representing the feather line of the
respective model last;

and utilizing said feather line digital file, together

with said model last digital file, for producing said
one or more graded last digital files of the respec-
tive shoe style.

7. The method according to claim 6, wherein the
outer surface of the model last is digitized by a tracer
probe which is spring-urged into contact with the outer
surface of the model last as the model last is continu-
ously rotated about its longitudinal axis and as the tracer
probe is advanced parallel to the longitudinal axis of the
model last.

8. The method according to claim 7, wherein the
model last is of electrically-insulating material except



