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SECTION II

DEVELOPMENT OF EPOXY MOLDS

A. Sculpturing (Fig. 2)

The mold-making process begins with a master model of the foot. This
master model is the result of research, experience, artistry and a high level
of technical skill. For this laboratory, no usable models or even dimensional

data existed and so development started at the very beginning.
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Fig. 2 SCULPTURING THE LEG/FOOT/ANKLE

Epoxy molds are locally made from
plaster foot models themselves made with a
combination of artistic and anatomical know-
ledge with the understanding that the human
foot is a matched component of the lower
extremity.
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may be too late (or not at all, if excessively hard) if too hard, or too early if too

soft. In both events the walking pattern becomes unnatural and inefficient,

frequently requiring far more energy than should be required of the patient.

FIG. 13 DUPLICATOR FOR PRODUCING IDENTICAL
WOODEN KEELS

Pantographic device consists of hinged, commonly

attached router and guide constraining movement to

vertical plane. Wood model and blank are likewise

attached to common plate resting on captive ball bear-

ings allowing easy movement in the horizontal plane.

The need for some means for varying several degrees of resistance
to compression at the heel thus becomes evident . Along with others, we have
experimentally provided wedges and cylindrical inserts of differing durometers
to modify the heel compressibility. Especially in view of the fact that we are
presently unable to anticipate the proper heel durometer, given a set of known
factors, we feel this method to be not entirely valid.

Our present approach, which appears to work with some success, is

to manipulate the quantity of plastic, catalyst and keel size so that the overall
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FIG. 14 THE EPOXY/ALUMINUM GRAIN FOOT MOLD

Equipped with heavy aluminum upper and lower plates
to distribute compressive forces evenly, the complete
Size 9 mold weighs only 25 1/2 pounds.
If the temperature of the environment is changed substantially and rapidly there
is always the danger of cracking or crazing due to build-up of internal stresses
within the thick plastic.
2, Application of Parting Agent
Spray all inside (Fig. 15) surfaces, including the apposing areas,
with Mold Release Agent ("Ram Mold Release #225") available from Ram Chemicals,
210 E. Alondra Blvd., Gardena, Calif.). Wipe thoroughly with paper towel.
Repeat, wiping excess gently from mold with clean paper towel.
3. Mounting Keel Assembly in Mold
Insert main shaft with round rubber gasket through countersunk hole
in proper size keel. Put rubber gasket on top of keel and cut to outer dimension
of wood. Insert keel (Fig. 16) in prepared mold using care that belting attached to

keel is not touching dorsal surface of mold. Place mold in press. Spray relief
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FIG. 15 INTERIOR OF THE EPOXY/ALUMINUM GRAIN FOOT MOLD

Mold is constructed so that flash line, if any, will fall in about pcsition of sole

welt. Smooth, shiny interior results from similar prepared surface on plaster

model. The two halves are fitted with alignment pins on diagonal corners with

threaded pins for separating the two halves on opposite corners. A thin rubber

gasket is used between the two halves.

valve (Fig. 17) with Ram Mold Release and insert in relief hole in top of mold.
4, Measure Foam Materials

Prepare proper amounts of foam and pigment, mixing thoroughly with

a propeller type (Fig. 18) mixer. Place into refrigerator for ten minutes. Measure
catalyst and with other items in readiness, resume mixing of foam and catalyst

in high speed mixer and pour in catalyst while mixer is running. Mix for six
seconds and immediately pour (Fig. 19) into mold onto keel starting at just past

belting location then moving along length to the heel.

(28)



FIG. 16 WOODEN (MAPLE) AND CANVAS BELTING KEEL

Rock maple wcod stock serves as keel. It is sawn into
sections with grain oriented to length. Its antero-
superior rounded surface is achieved by rough shaping
with a homemade router-duplicator. A section of canvas
belting is attached to bottom of wood as shown with
five stainless steel screws. The canvas toe extension
is three-ply to stiffen the toe and prevent curling
upward tendencies.

(29)
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FIG. 17 KEEL ATTACHED TO INTERIOR OF EPOXY MOLD

Attachment of keel is means of fitting which also molds
cavity in completed foot for attachment of ankle bolt.
Vent and valve for escape of air is also shown. Entire
unit, as illustrated, is pre-heated in warm oven for two
hours prior to actual pour.

Clamping Mold
A simple clamping jig has been constructed (Fig. 20) to permit

application of sufficient pressure, holding the charged mold in proper position

and performance of this procedure very rapidly.

The clamping jig consists of a large metal plate hinged to the work

table which holds an ordinary auto hydraulic jack. Actual clamping requires the

operator, on completion of the pouring process, to apply the tcp section of the

mold. He then slides the mold under the pressure plate and pumps the hydraulic

jack, applying pressure to the top section of the mold. When this pressure is

sufficient the entire unit is tilted to about a sixty degree angle with the toe

uppermost.

mold.

This is done to promote escape of any entrapped air inside the closed

(30)



FIG. 18 MIXING OF FOAM
INGREDIENTS

A slow speed mixing blade
is used to mix plastic,
catalyst and color. An air
powered or electrical drill
may be used if speed of
800 to 1,000 rpm is avail-
able. Major objective is to
mix rapidly yet avoid intro-
duction of air into mixture.

FIG. 19 POURING THE POLYURETHANE
PLASTIC INTO MOLD

Time elements are vitally important to
successful production of the foot.
Pouring must be done immediately on
mixing and in such a way that the least
exposed parts of the keel and mold
interior are poured first.
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FIG. 20 POLYMERIZATION/EXPANSION

On completion of pour the top of mold is applied,
using care with aligning pins. Hydraulic jack is
used to apply pressure closing mold and entire
unit is tilted to 60° from horizontal. Air is expressed
through vent followed by foam. A ball of foam about
like golf ball is allowed to escape at which time valve
is closed.
6. Venting Requirements
A simple valve is used to control venting of the entrapped air. The
valve is manually held open to allow "bleeding” of a small quantity of foam,
when it is closed. The mold is left in the tilted position and undisturbed for at
least one-half hour.
7. Removal from Mold
when ready to open, remove mold from clamping jig and separate
the two sections (Fig. 21) by means of the two built-in jack screws. Under no

circumstances should a screwdriver or other wedging tool be inserted between
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the two halves of the epoxy mold. In the same vein great care must be taken to

&¢void spolling the surface of the mold proper.
Removal is accomplished by first pulling the " skin" surface away
from the mold surface (Fig. 22) by means of the fingers. Removal imposes no

problem. (Figs. 23 & 24)

FIG. 21 SEPARATION OF THE MOLD SECTIONS

Threaded pins fitted into diagonal corners of mold are
used to initially separate the two mold sections. When
the two sections are "broken" apart the separating process
becomes easy. Use no prying tools.

(33)
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FIG. 22 REMOVAL OF TOP HALF OF MOLD

The overlying flash of foam is trimmed away to permit
insertion of ankle bolt and ankle bolt wrench.

(34)



FIG. 23 FLASH LINE ABOUT WELT SECTION

Due to the fairly high internal pressures and in spite of
the use of gasket material, some expansion into the

spaces between the two mold sections generally takes
place.

FIG. 24 REMOVAL OF FOOT FROM MOLD

Foam material, being compressible, is carefully manipu-
lated from the mold with the fingers. Use no metal tools!

(35)
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D. Finishing
1. Trimming Flash Line
Internal pressures built up in the mold during the foaming process
cause a flow of the foam material into the area between the two mold sections.
On polymerization and separation of the mold sections the thin waste material

is carefully trimmed away (Fig. 25) with scissors. Foot is shown in cross-section

in Fig. 26.

FIG. 25 TRIMMING AWAY THE FLASH LINE

The material making up the flash is peripherally solid.

The foamed structure is only apparent when the flash is

trimmed away. The flash should not be trimmed too

closely.

2, Check Fit in Shoe
The actual fit of the foot inside the shoe is carefully checked.

(Fig. 27). Special attention is paid to the suiface atop the artificial foot, to
the arch area and to the heel section. Compression of the polyurethane foam is

not unlike pressure applied to hydraulic fluid. When the foam is displaced or

(36)




FIG. 26 COMPLETED MOLDED POLYURETHANE FOOT

In cross-section, maple keel shows attached canvas toe
extension. Molded hole in hoe!l section facilitates
installation, removal and/or adjustment of foot from shin
through access to the ankle bolt.

FIG. 27 CHECK FIT IN SHOE

Proper fit in the shoe attempts to obtain very slight
compression of the foam. This, in turn, avoids
frictional forces on the "skin," spoiling that surface.
A sock should always be worn over the artificial foot.

(37)
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FIG. 28 ASSEMBLY OF FOOT ONTO SHIN WITH ANKLE BOLT

Foot is attached by Allen-head Cap Screw to threaded and flanged sleeve
installed in wooden ankle block above. The apparent imperfection on

the tip of the toe is due to the mold vent valve and has no effect on the
function or life of the foot.

(39)

FIG. 29 COMPLETED FOOT, ANKLE
AND SHIN

The molded, lightweight, polyurethane
foot nicely matches the laminated
plastic shin intended for an above-knee
amputee. Its lightweight feature
becomes especially notable by above-
knee wearers because of the reduced
effect of weight when compared with
others during the swing phase of
walking.






















material was square and so resisted inovement of the foot on the shin and ankle
block in the transverse plane.

By means of sculpture, a set of feet, made up of plaster, was used to
construct split molds for use in molding. The molds were made of laminated
plastic (Fig. 1), and the two halves joining 2ach other in the anterior-posterior
plane. At the junction line each half included liberal sized flattened lips to
enable the two halves to be securely clamped together with conventional hand
clamps. The foot shape generally resembled its human counterpart, however,
the toe section was somewhat elongated in order to fill the toe section of the

shoe completely.

FIG. 1 ORIGINAL LAMINATED PLASTIC FOOT MOLDS

Hinged along the base with piano hinging, the left figure shows the
external appearance of the laminated plastic mold; the right figure,
the internal surfaces. The mold proper is made of an unsaturated
polyester ("Selectron 5003") and cotton stockinet, formed over
plaster models.

(c)
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FIG. 2 ALUMINUM MOLDS - EXTERNAL ASPECT

Representative foot sizes were reproduced in cast
aluminum molds. The molds were made in lateral and
medial halves in which the opposing peripheral surfaces
were machined. Closure is achieved with piano hinging.

FIG. 3 ALUMINUM MOLDS - INTERNAL ASPECT

Keels were machined sections of aluminum plate. The
proximal ends were threaded for proper attachment

inside the mold and to the ankle block. The finished
aluminum bar was encased in black rubber of 60 durometer.

(e)







2. Machined Aluminum Ankle Blocks
Experimental ankle blocks of aluminum (Fig. 4) were produced
and did lend themselves particularly to experimental limbs which were adjustable
in length. They were not otherwise better than those of other materials and
despite attempts at reducing their weight we were never able to achieve weight
lighter than wood.
3. Phenolic Spheres
Ankle blocks were molded of this relatively lightweight material
(Figs. 5&6) which was chemically bonded together with an unsaturated polyester.
This proved to be perhaps the best of the synthetic ankle blocks from the stand-
point of weight and strength but was still not remarkably superior to wood.
4, Polyester + Fibers
An additional combination of unsaturated polyester plus cut fibers,
including fibergiass and nylon, was found to be too heavy, as well as too

expensive, when compared with wood.

FIG. 4 METAL (ALUMINUM) ANKLE
BLOCKS

Experimental metal ankle blocks worked
well but were dropped in favor of plastic
or wood because of the weight and
relative expense of manufacture.

(9)
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FIG. 5 POURING ANKLE BLOCK
MOLD WITH PHENOLIC SPHERES

Locally produced ankle block
mold for forming blocks of pheno-
lic spheres which are unaffected
by moisture and other environmen-
tal conditions.

FIG. 6 COMPLETED PLASTIC ANKLE BLOCKS

Four sizes of the phenolic ankle blccks were found to
serve the need. They are neuter in shape, thus useful
for either right or left sides. Note the grocwves which
allow tying first few layers of laminated shin to ankle
block during construction of the shin and prior to
polymerization of the plastic.
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FIG. 7 EARLY STEEL KEEL - NPRL

Machined from flat stock, the early
steel keel bolt weighed 211 grams.
The bolt was quite satisfactory from
the standpoint of strength, but
considerably too heavy.

FIG. 8 HALF-SECTION OF EARLY
NPRL MOLDED FOOT

Half-section illustrates the several
elements and components of the
early molded foam foot. Included
is the plastic ankle block made of
phenolic spheres.




in the foot) were combined with a thick overlay of black rubber (Fig. 10). The
rubber toes section was tapered and extended somewhat to add resilience and
progressive resistance to bending to the forward section of the keel. The
broadened rubber base likewise almost entirely eliminated the previous tendency
to punch through the rubber sole.

On occasion there still occurred a break in the keel, now
embedded in black rubber of about 80 durometer. On occasion, also, there were
also failures of the foam rubber to properly combine with the keel rubber. Most
important, however, was the heavy weight of the foot and increasing concern

with the limited life of the foam rubber then in use.

FIG. 9 BANDSAWING ALUMINUM KEELS

Thick aluminum sheet stock was sawed,
according to sized patterns, from flat
stock to form the core of the keel. Size
and shape variations were made to
accommodate female and children's feet
as well as special prosthetic require-
ments such as the Syme prosthesis.

(k)




FIG. 10 ﬁBIZEII%G OF EARLY ALUMINUM/RUBBER

The metal section was appropriately threaded then
invested in and vulcanized to a black rubber
section to form the keel proper. The toe section
extended beyond the tip of the metal to add
resilience and smoothness to the transfer of weight
from the standing position to toe-off during the
walking cycle.
d. Wood
Experimental wood keels have been used over the past
several years with good success. Keels constructed of relatively soft woods,
those with hidden defects in their inner structure or those whose grain was not
oriented to this particular use, have rarely required replacement. To standardize
their uniformity and production, rock maple has been chosen for use in ali keals.
e. Cther Experimental Keels
Two experimental keels were designed, constructed and

used experimentally but were both dropped because of their high potential

construction costs.
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FIG. 12 EXPERIMENTAL ALUMINUM/PLASTIC KEEL

An experimental aluminum keel machined from solid

stock, this device proved to be too expensive to

produce. As shown, the phenolic spheres ankle block

rests above a soft rubber fairing which was inserted

between the shin and top of the foamed foot. The

fairing also encircles a flexible steel cable forming

part of the "ankle bolt," designed to permit life-like

action of the foot, including transverse rotation.
C. Original Foam Foot ("Stafoam")

1. Development of the Solid Ankle Cushioned Heel Concept
Along with others, this laboratory began development of a

relatively simple foot structure which would employ a solid ankle cushioned heel
arrangement. An exceptionally simple approach was used in trying to develop a
foot employing a keel encased in a molded rubber structure. Development of a
suitable mold was presumed to be a problem in itself - a presumption which has

proved to be correct on several occasions.













FIG. 13 RUBBER KEEL AND SOLE PLATE IN PLACE

The interior of the cast aluminum mold is moderately
polished to produce a smooth "skin" on the molded
foot. Shown is the keel and "Cats Paw" rubber

sole in place, ready for the pour.

FIG. 14 POURING ALUMINUM FOOT
MOLD

Pouring the mixed polyrubber about the
keel and rubber sole must be done care-
fully to avoid entrapping air bubbles and
must be completed quickly before
significant foaming commences.
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FIG. 16 CLAMPING ALUMINUM MOLD

Immediately, on completion of the pour,
the mold is closed and clamped shut. In
spite of clamping pressure the material
flows somewhat between the matching
edges of the mold forming a "“flash."

FIG. 17 TRIMMING FLASHLINE OF MOLDED FOOT
Flash material is relatively solid, rather than

foamy. It is neatly trimmed away with scissors
taking care to avoid cutting into the foot "skin."
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FIG. 18 ACCELERATED TEST MACHINE

Machine operates with 150 pound load at 37

cycles per minute. During each cycle the foot,

in relation to the shin, describes 19 degrees
in plantar flexion and 28 degrees in dorsal

flexion for a total of 47 degrees under indicated

load. The machine permits equivalent of one
year use of the foot as regards loading and

unloading and plantar and dorsiflexion in about

nineteen days.
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