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This invention relates :touthe uart v..or.:method¢of 
making moulds :or impressions of the complete 
or~partial form of objects. 
The invention provides .a novel mode of' making 

a-quick, accurate iimpressionor mould of ;anob- , 
ject whose .form it is desired-toireproduce, from 
which impression alcasting may bemade ofsuit 
able materiaLsuch as plaster or wax, or‘a pattern 
or replica of an object maybe-made from a. mould 
and used in making othermoulds. 
To practice the inventionitheprocedure to be 

followed may be briefly and in :general terms 
stated thus: the object, aniimpressionof which 
is desired, and a thin, ?exible and- extensible :Wall 
of an impervious container enclosing la-deform 
ablemass of ~mixed granular material and =?uid, 
are‘pressed into contactone withthe other, so 
that the flexiblewalland its underlying mass of 
granular material ‘and‘fluid conform to the shape 
of the surface of the object. ‘The-granularmass 
in its thus conformed shape is then-solidi?ed by 
reducing the pressure ,of the ?uid. 
There are two-exempli?cations of the proce 

dure, similar in principle, for carrying ‘out ‘the 
invention, ‘one suitable for 'obtainingan impres 
sion or mould of an exterior-surface of'theob 
ject,.and the other suitable for obtaining an im 
pression of an interior .surface of ‘an enclosed 
cavity. 

If an impression of an exterior surfaceris de- 
sired, theobject is pressed against andinto a 
thin, ?exible, extensible wall of an impervious 
container enclosing a deformable mass of mixed 
granular material and ?uid so as to force'the 
wall into the underlying mass, .thereby'to-form 
an impression of the shape of the object, and 
then, while the impression is maintained by-"the 
presence of the object, the pressure of the '?uid 
is reduced suf?ciently to solidify vthe __granular 
mass. When the object is withdrawn the impres 
sion persists as long as the low pressure within 
the container is maintained, and a casting may 
be made of the impression, therebyproducing a 
facsimile of the shape of the object which'has 
been pressed into the wall of the container. 0b 
viously the same result would be obtained "by 
pressing the container wall againsttheobject as 
by pressing the object againstthe container wall. 

If an impression is desired of the interior sur 
face of an enclosed cavity (closed excepting for 
an inlet passage), such as that of a two-part or 
multiple part mould used in ‘foundry work,a sack 
made of sheet rubber or other suitableflexible 
and extensible material is inserted into thecavity 
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forms with :the interior .surface {of time mould. 
Into this .‘in?ated .“sack :?ne :sand , or .;other .fgran 
ulated material is introducedand shakentortvir 
brated so that incompletely ?lls .tthe .sackland ‘is 
in .a I conditionapproaching 1 dense» or :close :pack 
ing. ‘ The :?uid 1(liquid .or .gas) is {then épartially 
evacuated from the .sack .and the .sack is :sealed, 
the plaster mould .opened, :and the :rigid, ‘sand. 
?lledtsackrbecomesga pattern aboutwhicha sand 
mould, or similar itypelof-mould, can. bexbuilteand 
consolidated, : after which :theneckpf .theisack is 
opened,.=the,sand pouredrout, and:the~rubber»sack 
withdrawn. :This operation smayaberepeatedsin 
de?nitely to produce multiplesmoulds. ' 
The principle of the solidi?cation ofianien 

closed granular - mass by reducing-the; pressure of 
?uid ‘mixed with it is related-to - the I phenomenon 
known I as dilatancy, -which is the ‘property (of 
granular »-masses ' to expand in bulk with change 
of -»shape~dueto~the increase’of~~space*between-the 
individually ‘rigid 1 particles ‘as they change their 
relativeposition. If a granular mass in a condi 
tion of‘ close packing is closely con?nedin a ?ex 
ible, closed and 'impervionslenvelope, it willlbe 
found/“that it resists deformation to vanlastcngiish 
ing degree because when deformed it must in 
crease in volume and requires-more ?uidithanis 
available to “?ll the increased ‘volume of voids. 
Fluid pressure -~within ‘the container tends “to” be 
reduced by any tendency to change vthe shape 
of themass, and atmosphericpresSMeforces the 
envelope tightly about the-'massrpreventing dila 
tion, increasing ' inter-granular ~ friction, and in 
ducingrisidity. ’ ' ‘ ‘ ’ ' 

'Similarly if,‘ instead of being closely packed, the 
granules are; mixed with acopiousvolumeof ?uid, 
liquid or gaseous, so that-theinixtuije will v‘be 
capable of being "deformed or of yielding suffi 
ciently to ‘receive an impression 5conforming'jto 
the shape of the tobject against which fit is 
pressed, and if then ,theipressure of the ?uid 'is 
reduced whilethe impression _of-' the object isjre 
tained‘ bythe: presence ‘of the object, the granular 
mass will become solid or_rigi_d,__and will retain 
the ‘. impression ‘ so‘ long as ‘the negative pressure 
is maintained. ' 

The sranuianmaterial. mayhem any Suitable‘ 
particle size, which size‘may vary from that of 
veryj?nepsand to ‘that of coarse sand. ,'Iv‘he;?__nér 
the granules “the more faithfully wijll'detailsv of 
the “form 'of'the object to“ be reproduced Iappear 
in'the impression. i'l‘hed granules needunotbei'of 
uniformsize or of uniform shape; ‘they maybe 
101111.41, 01‘: angular, .or'ilfl‘?gular 101‘ ‘of any shape 

of the two-part mould and in?ated so that it con- 55 The granular material may be any organic or 
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inorganic material which has sufficient rigidity so 
that the individual grains themselves are not 
crushed or deformed during the operation of 
making the impression. Ordinary clean sand 
serves the purpose well, although for some pur 
poses materials of lower speci?c gravity may be 
preferred. 
The container may be of any suitable size and 

shape depending on the character "and size of 
the object whose impression is desired. It may 
be made wholly of a thin, ?exible, impervious, 
tough, and extensible or elastic sheet material, 

10 

such as sheet rubber in the form of a sack, en- ' 
velope or balloon. Or it may have a rigid body, 
of metal or plastic for example, or other air-tight 
and water-tight material having an opening at 
one side which is closed with a cover or wall . 
formed of the ?exible, impervious sheet material 
sealed over the openingto receive the impression. 
The important condition is that at least one wall 
or the container be made of a sheet of ?exible 
‘and extensible material to receive the impression 
‘and that the container as a whole be substan 
tially impervious to air or water. 
‘ .. The container should be provided with an open 
mg or openings at which tubes or pipes may be 
connected through which ?uid may be introduced 
and withdrawn. The ?uid may be introduced 
into thecontainer by any suitable means, and 
may be withdrawn from the container to reduce 
the ?uid pressure by any suitable form of exhaust 
pumping device. The outlet to the exhaust line 
is preferably screened to prevent the escape of 
granular material while permitting the passage 
of they ?uid. 
The ?uid may be liquid or gaseous, for example 

water or air, and is introduced into and mixed 
with the granular mass in such quantity as to 
loosen the grains and render the whole mixture 
su?iciently ?uid or mobile to receive the impres 
sion of the object whose shape is to be repro 
duced. _ I I _ 

By way of illustration, but not of limitation, 
certain embodiments of devices and apparatus for 
practicing the method are shown in diagram 
matic or schematic form in the accompanying 
drawings, in which ‘ , 

1 is a schematic representation of simple 
equipment 'formaking impressions of an exterior 
surface of an object; 

‘ Fig. 2 illustrates an arrangement employing a 
valve-less piston pump;_ 

Fig. 3 illustrates an arrangement employing a 
metal bellows pump of the Sylphon type; 

Fig. 4 represents a container whose walls other 
than the wall to receive the impression are rigid; 

Fig. 5 illustrates an adaptation of the inven 
tion to the making of a completely encircling 
impression of a withdrawable object; 

Fig. 6 represents the application of the inven 
tion to the making of a pattern of the interior 
surface of an enclosed mould or cavity; and Fig. 
6“ illustrates one of the steps in moulding a pat 
tern according to the procedure of Fig. 6. 
Referring to Fig. l a container is shown in the 

form ofa sack or balloon I of rubber or other 
suitable thin, impervious, tough, extensible, elas 
tic material. Tightly ?tted into the neck 2 of the 
container is a perforated rubber stopper or plug 
3, into which is sealed a tube 4 having at its 
inner end a screen to prevent escape of the gran 
ular material and to permit the free passage of 
?uid in or out of the container. To the outer 
end of tube 4 a pipe 6 is connected leading to a 
three-way cock ‘I. Connected to the three-way 
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4 
cock are also a ?uid inlet pipe 8 and a ?uid 
outlet or exhaust pipe 9. The container 1 is ?lled 
with sand or other suitable granular material and 
is externally exposed to the pressure of the am 
bient atmosphere. To make an impression or 
mould of an object the cock 1 is turned to open 
the inlet pipe 8 and connect it to the pipe 6 and 
to close the exhaust pipe 9. Sufficient ?uid, liquid 
or gas, is introduced through inlet pipe‘8 from 
any suitable source of supply'under pressure to 
render the granular material Ill within the con 
tainer l deformable. The object, of which an 

' impression is to be taken, is pressed into the up 
per side of the container I and at the same time, 
if necessary, su?icient additional ?uid may be in 
troduced through the inlet 8 to permit desirable 
seating of the object. When the desired seating 
and impression of the object are obtained the 
cock 1 is turned to close the inlet passage 8 and 
connect pipe 6 to the exhaust passage 9, which 
leads to a suction device. Suction is then ap 
plied to the exhaust line 9 until a sufficient de 
gree of negative pressure (that is to say, a pres 
sure less than that of the ?uid medium i. e. 
atmospheric air, which contacts the external sur 
face of the container) is reached to cause the 
container l and its enclosed granular material to 
become rigid. The object is then removed. While 
suction is still maintained, or while the reduced 
pressure of the ?uid within the container is main 
tained by turning the cock to close both pas 
sages 8 and 9, a cast of the impression may be 
made with plaster or other suitable material. 

Instead of using separate devices for the in 
troduction and extraction of fluid, controlled by 
a suitable valve arrangement as illustrated in Fig. 
1, I have found that, since extremely low pres 
sures in the container are not required for either 
gas or liquid, it is possible to use Very simple 
devices by which both the introduction and ex 
traction of ?uid are accomplished by the same 
device. 

Fig. 2 illustrates a valve-less piston-pump con 
nected to the container. When the handle H of 
the piston I2 is pressed down it forces ?uid from 
the cylinder 13 into the granular ?lled container 
1. When the pressure at l I is released the spring 
14 surrounding the piston rod draws the piston 
upwardly and reduces ?uid pressure in the con 
tainer, causing the contained granular mass to 
become rigid. _' 
Another valve-less device is illustrated in Fig. 

3, which shows metal bellows i5 of the Sylphon 
type connected through a pipe to the container 
6. A spring it normally urges the bellows to 
ward an expanded position. When the bellows 
and spring are compressed ?uid is forced from 
the bellows into the container. When the bellows 
and spring are released the increased volume of 
the bellows produced by the extension of the 
bellows developed by the spring produces a suffi 
ciently ‘low pressure in the container to cause 
adequate solidi?cation of the granular material. 
This form of device is usually suitable for use 
only with a relatively small container. 

Fig. 4 illustrates still another form of container 
consisting of an- impervious vessel is made of 
metal, plastic or other suitable rigid material, 
open at the top side, The opening is covered by 
a sheet of ?exible, elastic material l9 such as 
rubber. The cover sheet i9 is sealed across the 
open side of the container 18, as by cement and a 
band I‘! tied under a beaded edge of the con 
tainer vessel It. The object, of which a mould 
is desired, is pressed into the sheet and with the 
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w‘sheet ‘into ‘the 'vunderlyin-g agranu‘la’r material 10. 
-AIsma'll- space zispreferably left ‘between the‘sheet 
and the normal level of the granular material ‘to 
permit ‘the rise of ‘displaced granules ‘when the 
object is inserted. An inlet .zpi-pe 20 is provided 
~for introducing v?uid to loosen ‘the granular ma 
terial and render Eit deformable, ;and ‘an exhaust 
pipe 2| leads =t0'a suction device by'which ?uid 
may be withdrawn and the mould thereby con 
solidated. 
An adaptation of the invention to the making 

of a completely encircling impression of an ob 
ject which is so shaped as to be capable of being 
withdrawn after Ethe .granular‘mass has become 
rigid is illustratedin Fig. 5. ‘Speci?cally, the ob 
ject-22 shown-in ‘Fig. 5, may be'the stump of an 
amputated leg. 123 represents a tubular casing, 
which is preferably conicaliortaperedlin shape, 
made of metal'onother‘suitablematerial. With 
in the‘casing 23Fis a-lining or tubular wall 24 of 
sheet rubber or other suitable ?exible, elastic, 
impervious material. ‘Theswall 2-4 is sealed to the 
lower end of the casing 23, as'by folding it around 
‘the lower end of the casing and .tightly tying 
it by means of an encircling cord or band 25 
above the beaded endof 'th'e‘ca'sing. Granular 
material H), such as sand, is introduced into the 
annular space between the wall 24 and the cas 
'-ing 23 and the upper end of the tubular wall 213 
is then folded down over the-topend of the casing 
as indicated at 2‘4' and sealed-to the casing by 
tying it bya cord or band ‘26 underneath the 
‘beaded top end of casing, thus forming‘a closed 
annular container “?lled with a-deformable mass 
of mixed granular material and air, or other 
‘?ui'd if desired. The object 22,.such as the stump 
of an amputated leg, is then pressed down into 
‘the bore of the device while the granular mass 
is deformable and makes its impression in the 
?exible wall 213 and the surrounding granular 
mass l0. While the object is still in position air 
(or other ?uid if other ?uid is used) is exhausted 
by any suitable means through suction pipe 21 
and the granular mass becomes rigid. The ob 
ject is then withdrawn leaving the impression 
of its shape, excepting the shape of its lower 
end. Casts may be made from this impression 
and used for forming sockets of arti?cial legs. 
An advantage of this method of making a cast, 
from which a socket of an arti?cial limb is 
fashioned, as compared with the usual method 
of making impressions by means of plaster or 
the like is that any desired amount of pressure 
may be exerted by the stump when the impres 
sion is taken, in contrast to a passive impres 
sion by the usual methods, The resulting socket 
for an arti?cial limb therefore ?ts the stump 
under conditions of normal load. The end 
of the stump 22 is left free, as indicated, since 
an arti?cial leg is usually supported by the taper 
ing sides of the stump and not by the end which 
is tender or sensitive. 
Instead of a conical casing 23 a cylindrical or 

other non-tapering form of casing might be used, 
in which case the mass of granular material for 
use with a tapering or withdrawable object 
would be thicker at the lower end of the device 
and would diminish in thickness toward the top. 

Fig. 6 illustrates the use of the invention in 
the making of a pattern of the interior surface 
of an enclosed mould or cavity. In foundry 
work it is sometimes desired to produce multiple 
sand moulds of an irregular ?ask-shaped object. 
From a pattern of the object a plaster mould 
is ?rst made. The mould is cut so that it may be 
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separated and reassembled. Into ‘the :air r‘?lled 
cavity of this plaster mould, consisting of the 
assembled two parts 28 and 19, :a ‘rubber sack 
~39 is inserted and in?ated ‘so that it conforms 
with the interior surface $3! of the ‘mould the 
air initially ?lling the cavity vreadily escaping at 
the parting of the mould. Into this inflated sack 
?ne sand or other granular material it is in 
troduced (Fig. 6!‘) for example, it may be sup 
plied from a reservoir B through a valved con 
duit P and shaken or vibrated so that it com 
pletely ?lls the sack and is in a condition ap 
proaching close packing. The sack is then 
exacuated through pipe 32 and sealed, as by'tying 
its neck 33, the plaster mould opened, and the 
rigid sand-?lled sack becomes a pattern about 
which a sand mould, or similar type of mould, 
can be built, after which the neck of the sack is 
opened, the sand poured out and the ‘rubber 
sack withdrawn. 
Obviously the size and shape of the-container 

may be varied almost inde?nitely and adapted 
to the size and shape of the object whose im 
pression is desired; and the devices for introduc 
ing and withdrawing the ?uid may be-of many 
forms and may be hand operated'or mechanically 
operated, as appears most appropriate or con 
venient to the work in hand. 
A two-part mould may be made'by using two 

containers ?lled with granular material, one be 
low and one above the object. The procedure of 
forming the impressions of the object is substan 
tially the same as already described. If desired 
the upper container may be mechanically lifted 
and returned to its original position by any suit 
able lifting device. A cast is obtained by ?lling 
the assembled two-part mould with plaster or 
other suitable casting material after the object 
has been removed from the mould sections. 
The invention lends itself to a great variety of 

useful purposes. 
One of the important uses of this means of 

obtaining impressions and thereby casts, is in the 
making of impressions of the stumps of ampu 
tated legs or arms. . 

Another application is in connection with mak 
ing impressions of the human foot for orthopedic 
purposes. Here the shape of the foot under load 
obtainable by this method has an advantage over 
a passive impression. 

Casts of the head or face or any part of the 
body can be made by using suitable sized ?at 
containers which can be easily applied and prop 
erly adjusted, solidi?ed and removed quickly and 
with a minimum of discomfort. 
The invention also has useful applications in 

connection with dental prosthetics. By using a 
very thin walled container with ?ne granular ma 
terial an impression of the gums can be made 
and any desirable amount of pressure by the gums 
can be exerted when the impression is obtained. 

Individual grips for tools, guns, golf clubs and 
other articles which it is desirable to have con 
form to the hand of a particular user may be 
quickly and accurately made from the impres 
sion of the user’s hand made by grasping a suit 
ably sized cylindrical container. 
In art work Or archeology the possible applica 

tions of the invention are obvious for reproduc 
ing forms or inscriptions. 
In connection with mechanical operations the 

invention may be used to obtain quick impres 
sions of certain types of machine parts. And in 
science the invention may well be used in making 
impressions of any solid object, either in the 
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laboratory or in the ?eld by means of a portable 
out?t. 
Other applications will immediately occur to one 

desiring to obtain a quick and accurate impres 
sion of almost any object. 
An important advantage of this method of 

making impressions is that it can be done very 
quickly and without the application of moisture, 
liquid, grease or other material or matter to 
the object to be reproduced. 

I claim: 
1. That method of making an accurate cast of 

the peripheral surface of the stump of the ampu 
tated leg of a living person while said stump is 
sustaining approximately one-half of the weight 
of the person, said method comprising as steps, 
providing a receptacle having a ?exible, vertical 
ly elongate tubular inner wall, open at its upper 
end and which de?nes a deformable socket which 
tapers downwardly in diameter and which is of 
such normal dimensions as to permit the stump 
to be introduced into it, said receptacle contain 
ing ?uid and a mass of granular material which 
contacts the outer surface of said ?exible, tubular 
inner wall, pushing the stump down into said 
socket and into contact with the inner surface 
of said tubular inner wall and sustaining ap 
proximately one-half of the person’s weight upon 
the stump by the contact of the peripheral sur 
face of the stump with the ?exible wall which de 
?nes the socket whereby said ?exible wall is con 
formed accurately to the contour of said periph 
eral surface, while the latter is under normal 
load, solidifying the granular material by reduc 
ing the ?uid pressure within the receptacle, with 
drawing the stump from the socket while main 
taining the reduced pressure within the recep 
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tacle, and, while still maintaining such reduced 
pressure, forming a cast of the socket-de?ning 
wall. 

2. A device for use in the practice of the meth 
od of claim 1 comprising a vertical, elongate 
tubular rigid'casing open at the top, a thin flex 
ible tubular elastic lining within the casing, the 
upper and lower edges of the lining being secured 
fluid-tight to the casing, the annular space be 
tween the casing and lining containing fluid and 
a mass of granular material, the inner diameter 
of the lining being such as to admit the stump of 
an amputated leg, the lining and granular ma 
terial which contacts it assuming the contour of 
the peripheral surface of the stump when the 
latter is forced down into the tubular lining un 
der the weight of the body, and means operative 
to reduce'the ?uid pressure within said annular 
space thereby to solidify the granular mass. 

WARREN J. MEAD. 
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