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[57] ABSTRACT 
A molding process for forming a three-dimensional 
article in layers, In one embodiment, a matrix compris 
ing a planar grid-like member having a plurality of 
openings formed therethrough is employed. In an initial 
layer, casting material and mold material are deposited 
in selected openings to form a portion of the article in 
that layer with the casting material surrounded by the 
mold material. The matrix is located sequentially in 
adjacent layers and in each layer, the selective deposi 
tion of casting and mold material is repeated whereby 
the article is formed layer by layer from the casting 
material held in place by the mold material. The casting 
material is solidi?ed and the mold material is removed. 

In another embodiment, planar layers of material are 
sequentially deposited. In each layer, prior to the depo 
sition of the next layer, a portion of its area is solidi?ed 
to de?ne that portion of the article in that layer. Selec 
tive solidi?cation of each layer may be accomplished by 
using heat and a selected mask or by using a controlled 
heat scanning process. 

3 Claims, 17 Drawing Figures 
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MOLDING PROCESS 

FIELD OF THE INVENTION 

This invention relates to a molding process for form 
ing a three-dimensional article in layers. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
new and unique molding process for forming three-di 
mensional articles in layers. 

It is a further object of the present invention to pro 
vide a new and unique molding process for forming 
three-dimensional articles in layers and which process 
may be controlled by modern technology such as com 
puters or electronic systems. 

In one embodiment, a casting material and a mold 
material are deposited in unsolidi?ed form sequentially 
in planar layers. In a ?rst layer, the casting material is 
deposited to ?ll an area which de?nes that portion of 20 
the article to be formed in that layer. In the ?rst layer, 
the mold material is deposited next to said area such that 
the mold material holds the casting material in place. 
These steps are repeated for each layer until the article 
is formed from the casting material in unsolidi?ed form 
held in place by the mold material. The casting material 
is solidi?ed and the mold material removed. 

In a further aspect, a matrix comprising a planar grid 
like member having a plurality of openings formed 
therethrough is employed for carrying out the process. 
In each layer, the casting material and mold material are 
deposited in selected openings of the matrix to form the 
article in layers. 

In another embodiment, planar layers of material are 
sequentially deposited. In each layer, prior to the depo 
sition of the next layer, a portion of its area is solidi?ed 
to define that portion of the article in that layer 
whereby the article is formed layer by layer. The un 
solidifed material is removed to obtain the desired arti~ 
cle. Selective solidi?cation of each layer may be accom 
plished by using heat and a selected mask or by using a 
controlled heat scanning process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an apparatus for carrying out the 
process of one embodiment of the present invention. 
FIG. 2 is an enlarged view of the delivery mechanism 

and matrix of FIG. 1. 
FIG. 3 illustrates a completed layer of article and 

mold material in a container just before the container is 
moved downward to position the matrix in the next 
layer. 
FIG. 4 is an enlarged view of a portion of FIG. 3. 
FIGS. 5-12 illustrate the process of forming both the 

article and mold in layers. 
FIG. 13 illustrates a control system for operating the 

apparatus of FIG. 1. 
FIG. 14 illustrates a system for carrying out the pro 

cess of another embodiment of the present invention. 
FIGS. 15-17 illustrate apparatus for carrying out the 

process of still another embodiment of the present in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIGS. 1-13, the process of the one 
embodiment of the present invention for forming a 
three-dimensional article now will be described. In 
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2 
carrying out the process, the article is formed of ce 
ramic material. A casting material and a mold material 
are employed in forming the article. The casting mate 
rial is a dry mixture of plaster of paris and sand and the 
mold material is dry sand. The size of the sand grains 
may be very small whereby the sand is in powder form. 
The article is constructed by depositing the casting 
material and mold material in layers using a two-dimen 
sional matrix 21 and a container 23. The container 23 
has a lower end closed by a base 25 and an opening 27 
at its upper end. 
The matrix 21 comprises a planar grid-like member 

having a plurality of openings 29 formed therethrough 
in rows and columns. The exterior of the matrix is rect 
angular in shape having dimensions slightly less than 
the interior dimensions of the container 23 whereby the 
matrix will ?t tightly but slidingly within the walls of 
the container 23. Although not shown, a mechanism 
will be employed to move the base 25 and hence con 
tainer 23 upward and downward vertically (along a Z 
axis) while the matrix 21 is located in a stationary posi 
tion. The device for holding the matrix 21 in a station 
ary position is not shown, however it may comprise a 
plurality of thin rods having their lower ends attached 
to the outer walls of the matrix and extending upward 
next to the inner walls of the container. The upper ends 
of the rods may be attached to stationary supports (not 
shown) located at a level above the maximum height 
attainable by the upper edges of the walls of the con 
tainer. 

Located above the container 23 is a frame 31 sup 
ported to pivot about an X axis perpendicular to the Z 
axis. The X axis is de?ned by pins 33 and 35. Pin 33 
extends through the arms of stationary yoke 37 and 
through the upper frame member 39. Pin 35 extends 
through the arms of stationary yoke 41 and through 
upper frame member 43. A funnel 51 is supported by the 
frame 31 for pivotal movement about the Y axis perpen 
dicular to the X and Z axes. The Y axis is de?ned by pin 
53. This pin extends through the top of the funnel 51 
and through upper frame members 55 and 57. The 
lower end of the funnel 51 extends through slot 59 
formed through the lower wall 62 of the frame 31 to a 
level just above the upper portion of the matrix 21. The 
walls of the slot 59 act to guide the funnel as it pivots 
about pin 53. 
A small electric reversible motor 61 for rotating a 

threaded member 63 within a nut 65 is employed for 
pivoting the frame 31 above the X axis. The motor 61 is 
attached to a support 67 which is pivotally mounted to 
the lower wall 62 of frame 31 by way of arms 69 and a 
pin 71. The arms 69 are ?xedly secured to the lower 
wall 62 and the pin 71 extends through the arms 69 and 
through the support 67. The support 67 and hence the 
motor 61 may be pivoted about the pin 71. The nut 65 
may pivot about pins 81 and 83 which are held by arms 
85 and 87. These arms are ?xedly secured to a stationary 
beam 89. When the motor 61 rotates member 63 in one 
direction, the lower end of the frame 31 is pivoted away 
from the beam 89 and when the motor 61 rotates mem 
ber 63 in opposite direction, the lower end of the frame 
31 is pivoted toward the beam 89. 
A small electrical reversible motor 91 for rotating a 

threaded member 93 in nut 95 is employed for pivoting 
the funnel 51 about the Y axis. The motor 91 is attached 
to a support 97 which is pivotally mounted to the lower 
portion of frame 31 by way of a pin 99. Pin 99 extends 



4,247,508 
3 

through support 97 and through frame members 101 
and 103. The support 97 and hence the motor 91 may 
pivot about pin 99. The nut 95 is pivotally mounted to 
one side of the funnel 51 by pin not shown. When the 
motor 91 rotates member 93 in one direction, the funnel 
51 is pivoted away from motor 91 and when the motor 
91 rotates member 93 in an opposite direction, the fun 
nel 51 is pivoted toward the motor 91. 
The frame 31, funnel 51, motor 61 and its threaded 

member 63 and motor 91 and its threaded member 93 
are constructed such that when the motor 61 is ener 
gized in one direction, it can cause frame 31 to pivot to 
move the lower tip 51A of funnel 51 from the position 
above the row 105 of openings 29 of the matrix 21 to a 
position above row 106 of openings 29. When energized 
in an opposite direction, the motor 61 can cause the 
frame 31 to pivot to move tip 51A from above row 106 
to above row 105. Similarily, when motor 91 is ener 
gized in one direction, it can cause the funnel 51 to pivot 
to move its tip 51A from a position above column 107 of 
openings 29 of matix 21 to a position above column 108 
of openings 29. When energized in an opposite direc 
tion, the motor 91 can cause funnel 51 to pivot to move 
its tip 51A to a position above column 108 to a position 
above column 107. _ 
The funnel 51 will have a length relative to the di 

mensions of matrix 21 such that the arc swung by tip 
51A in moving between rows 105 and 106 and columns 
107, 108 is relatively ?at whereby the height of the tip 
51A above the matrix 21 in moving between rows 105, 
106 and columns 107 and 108 does not vary greatly. 
Extending into the funnel 51 are two ?exible conduits 

111 and 113. In the funnel 51 conduits 111 and 113 
extend to a common lower chamber which is open 
through the tip 51A. Conduit 111 is employed for in 
jecting a dry mixture of plaster of paris and sand into the 
funnel and conduit 113 is employed for injecting dry 
sand only into the funnel. Referring to FIG. 13, conduit 
111 is coupled to a source 115 of a dry mixture of plaster 
of paris and sand and conduit 113 is coupled to a source 
117 of dry sand. A system 119 such as a computer con 
trols sources 115 and 117 by way of lines 121 and 123 to 
selectively inject a dry mixture of plaster of paris and 
sand or dry sand only into funnel 51 by way of conduits 
111 or 113. 
The system 119 also selectively controls motors 61 

and 91 by way of lines 125 and 127. In addition, it con 
trols a reversible motor 129 by way of line 131 to move 
the container 23 either up or down. Although not 
shown, the motor 129 will control a suitable mechanism 
attached to the bottom of the base 25 for moving the 
base 25 and hence container 23 either up or down. 

In carrying out the process, initially the container 23 
will be located such that the lower end of matrix 21 
engages the top of the base 25 within the walls of the 
container. The computer 119 will operate the system of 
FIGS. 1 and 13 to ?ll with casting material those open 
ings 29 of the matrix 21 which de?ne the area of the 
article in the ?rst layer and to ?ll with mold material the 
remaining openings of the matrix. After all of the open 
ings of the matrix are ?lled, the matrix or container may 
be vibrated (by means not shown) to settle all of the 
particles of casting and mold material and also to pre 
vent the powdered material from adhering to the ma 
trix. The container 23 then is moved downward (while 
matrix is supported at its initial level) a distance corre 
sponding to the thickness of matrix 21 to in effect re 
move the matrix from the ?rst layer and to place it in 
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4 
the next adjacent layer (second layer from the bottom). 
Those openings of the matrix which define the area of 
the article in the second layer then are tilled with cast 
ing material and the remaining openings ?lled with 
mold material. The container 23 then is moved down 
another layer and the casting and mold material selec 
tively deposited in the openings of the matrix of the next 
layer. These steps are repeated sequentially for each 
adjacent layer to form the article layer by layer. As the 
matrix is removed from each layer, the dry mold mate 
rial holds the dry casting material in place in the layers. 
In FIGS. 2-4, casting material is identi?ed at 133 and 
mold material at 135. 
FIGS. 5-9 illustrate the formation of an article and 

mold in dry form in layers. Although not shown, each 
of the steps of FIGS. 5-9 are performed in the container 
23. In each layer, the casting material which de?nes that 
portion of the article in the layer is held in place by the 
mold material. In FIG. 9, the completed article formed 
from the dry casting material is shown held in place by 
the dry mold material. When all of the completed cast 
ing-mold layers have been formed, the matrix is re 
moved. Additional mold material then is added to the 
top to insure that the casting material will not be dis 
turbed and the container vibrated to settle the contents 
of the container. Water then is carefully added to the 
container to allow it to slowly ?ow through the mold 
material (sand) and the casting material (plaster of paris 
and sand). This step is illustrated. in FIG. 10. In this step, 
the casting-mold layersrwill still be in the container 
although not shown in FIG. 10. Although the water is 
shown in FIG. 10 added to the top of the casting-mold 
layers, it is to be understood that suitable openings may 
be formed through the sides of the container also 
whereby water may be added into the sides of the cast 
ing~mold layers. The casting-mold layers in the con 
tainer then are allowed to stand for several hours while 
the water reacts with the plaster of paris.'After the 
plaster of paris has set, the mold material (sand) is 
washed away with water as shown in FIG. 11 leaving 
the ?nished article 137 shown‘in FIG. 12. Although not 
shown, the step of FIG. 11 will be carried out while the 
solidi?ed casting with the mold material there around is 
still in the container. The ?nished article will be re 
moved and any remaining sand washed away with wa 
ter. 
One manner in which the openings of the matrix may 

be selectively ?lled with casting and mold material is as 
follows. The motor 61 and 91 are energized to locate 
the tip 51A of funnel 51 above corner opening 29-1. The 
motor 91 then is energized to sweep the tip 51A from 
left to right as shown in FIG. 1 above the openings of 
row 105 until it is above the other corner opening of 
row 105. The motor 61 then is energized to move the tip 
51A over the right most opening of the second row. 
Motor 91 next is energized to move the tip 51A from 
right to left over the opening of the second row until it 
reaches the left most opening of the second row. Motor 
61 is actuated to move the tip 51A over the left most 
opening of the third row. Motor 91 is actuated to sweep 

‘ the tip 51A over the openings of the third row, etc. In 
this manner, the tip 51A of the funnel 51 is swept over 
each row of openings of the matrix from row 105 to row 
106. When the tip 51A is positioned over arLopening of 
the matrix, the computer will actuate either source 115 
or 117, depending on whether casting material or mold 
material is to be placed in the selected'opening, to ?ll 
that opening with either casting or mold material. Thus 
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as the tip 51A is passed over all of the openings of the 
matrix. selected ones of the openings which de?ne the 
portion of the article in that layer will be ?lled with 
casting material and the other openings will be ?lled 
with mold material. 
The method that is explained above has advantages 

since it allows the formation of intricate shapes without 
?rst building special molds for the shapes. The mold 
material can be dried and used again and highly variable 
shapes can be cast using the same matrix and container. 
Moreover the shapes can be formed with a digital com 
puter controlled system. 
One application for the digital casting process as 

described above includes the following. In medicine, 
using various techniques such as X-ray scanners and 
ultrasonic as well as heat scanners, data on body tissues 
can be obtained and stored on a computer readable 
medium such as magnetic tape or disc. This data can be 
analyzed and reduced to a form such that “cross-sec 
tional“ X-ray pictures of various body tissues can be 
created using television graphics display devices. By 
utilizing pseudo color arrangement, body tissue densi 
ties can be assigned color values in order to highlight 
various features such as bone, blood vessels, muscles, 
etc. Given the above described capability. exact three 
dimensional models of internal body tissues can be iden 
ti?ed and produced using the digital casting technique 
of the present invention. A heart surgeon, could for 
example, obtain a three-dimensional model (larger than 
life size, if desired) of a heart while the heart is still 
functioning within the patient's body. Depending upon 
the density resolution of the X-ray scanning device, it 
should be possible to obtain models of heart valves as 
healthy versus damaged heart tissue. ' 

Since the digital casting method is so ?exible, it 
would even be possible to produce model fracture lines 
to allow examination of internal features of the models. 
A “slice“ line could be created in the model simply be 
directing the computer to leave out all matrix cell loca 
tions along the “slice" line plane. Mold material instead 
of casting material would be substituted in all of the 
cells which intersect the “slice“ line plane. 
Another application may be in the construction of 

models of intricate shapes such as found in mathemati 
cal analysis or aerospace. Computer generated graphics 
is already a well de?ned art. It would be relatively 
simple to transform the data needed to display a wing 
section of an aircraft, for example, to the data needed to 
actually make a model of the wing section by using the 
digital casting technique of the present invention. 

Radar data could be used as input to a digital casting 
system to produce scale models of the earth (or any 
otherobject‘s) surface. Also construction projects such 
as bridges and dams could easily be created, visualized 
in three-dimensions and modi?ed using digital casting 
techniques. 
Although the preferred embodiment uses the auto 

matic system of FIGS. 1 and 13 controlled by a com 
puter for selectively ?lling the openings of the'matrix 
with casting or mold material to form each layer. it is to 
be understood that the openings of the matrix could be 
selectively ?lled manually with casting material and 
mold material. After a layer ofcasting material and 
mold material is formed. a manually controlled mecha 
nism may be employed to move the container down 
ward relative to the matrix to form the next layer. When 
the article of dry casting material. held in place by the 
mold material. is formed as illustrated in FIG. 9. the 
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6 
process described with reference to FIGS. 10 and 11 
will be carried out to obtain the article of FIG. 12. 

In another embodiment, the casting material may be a 
powder made of some material that will melt or fuse at 
a given elevated temperature and‘ the mold material 
may be a powder‘made of some ‘material that has a 
higher melting or fusing temperature and will remain a 
powder at the given elevated temperature. The casting 
will be prepared as described above either automati 
cally or manually to obtain the article of casting mate 
rial in powder form held in place by the mold material 
in powder as shown in FIG. 9. Instead of adding water, 
the container with its mold-casting material will be 
placed in an oven and the container and its contents 
raised to a temperature suf?cient to partially melt the 
casting material but insuf?cient to melt the mold mate 
rial. The container and its contents then will be cooled 
and the still powder‘ mold material shaken, blown, or 
washed off leaving the ?nished article. 

In another embodiment, the matrix may be con 
structed to handle liquid mold and casting material. The 
mold material may. be epoxy and the casting material 
may be an epoxy-hardener mixture. Referring to FIG. 
14, the matrix is illustrated at 141. Each opening 143 has 
an associated valve 145 with a set of tubes 147 and 149 
extending from the valve 145 into the opening. A source 
151 of liquid epoxy is provided with a main feed tube 
153 extending therefrom. Tubes 155 extend from main 
tube 153 to each valve 145. A source 161 of liquid hard 
ener is provided with a main feed tube 163 extending 
therefrom. Tubes 165 extend from the main tube 163 to 
the valve 145. Each valve 145 is electrically controlla 
ble to allow epoxy and hardener to ?ow through tubes 
149 and 147 respectively or to allow epoxy to flow 
through tube 149 with tube 147 closed off. Control of 
the valves is by way of lines 167 extending from a com 
puter 169. In this embodiment, the container is held 
stationary and the matrix is supported to move in the 
container. In operation, the matrix will be placed in the 
container and withdrawn at a given speed. A constant 
flow of epoxy or epoxy-hardener mixture will be selec 
tively injected into the openings of the matrix as it is 
withdrawn to form the article from the epoxy-hardener 
mixture essentially floating in epoxy. Selective’injection 
of the epoxy or epoxy-hardener mixture into the open 
ings of the matrix will be controlled by computer 169. 
The speed of withdrawal of the matrix will be such that 
the desired article will be formed in “layers”. When the 
epoxy-hardener mixture sets, the article will be cleaned 
of the remaining epoxy to produce the desired three-di 
mensional article. 
A continuous process for making articles utilizing the 

epoxy curing method also may be employed. In this 
process, a continuous laminar flow of epoxy will be 
maintained in a large tube or pipe. The continuous flow 
of epoxy will be introduced into a ?rst end of the pipe 
or tube for flow toward the opposite end. The matrix 
141 of FIG. 14 will be located in a stationery position in 
the pipe at the ?rst end with its thin plane perpendicular 
to the axis of the pipe. The matrix will be located in a 
region in the central portion of the pipe away from the 
walls thereof. With the control system of FIG. 14, ei 
ther epoxy or epoxy-hardener will be selectively in 
jected into the openings of the matrix to form the de~ 
sired article. The amount of the epoxy or epoxy-hard 
ener mixture injected into the openings of the matrix 
will be metered to match the speed of the main epoxy 
?ow whereby each article formed will move down 
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stream away from the matrix with the main flow of 
epoxy where they will cure. when the articles are suf?- - 
ciently curred to hold their shapes, the uncurred epoxy 
will be removed to make the articles accessible. 
A liquid differential temperature method also may be 

.employed to form the desired articles. The matrix and 
the system of FIG. 14 will be employed except that the 
sources 151 and 161 will be sources of two melted plas-_ 
tics here de?ned as plastics A and B. Source 151 will 
contain melted plastic B and source 161 will contain 
melted plastic A. One plastic will have a higher melting 
point than the other. For example, plastic A will have a 
melting point of 300° F. and plastic B will have a melt 
ing point of 200° F. Plastic A will be used to form the 
articles. Both plastics will have the same speci?c gravi 
ties so that one will not ?oat in the other. Both plastics 
will be melted and maintained at the same temperature ' 
(for example, ‘310'’ F.) in sources 151 and 161. The sys 
tem of FIG. 14 will be modi?ed whereby tubes 149 will‘ 
be eliminated and only tubes 147 will extend from the 
valves 145 into theop'enings 143 of the matrix 141. The 
valves 145 will be controllable by computer 169 to‘ 
inject either melted plastic A or melted plastic B into 
the openings of the matrix by ‘way of tubes 147. The 
modi?ed matrix 141 of FIG. 14~will be located in a pipe 
at a ?rst end and with its thin plane perpendicular to the 

20 

25 

axis of the pipe. The matrix will be‘located in the central 
region of the pipe away from the walls thereof. 

Meltedplastic B at 310° F. will be introduced into the 
?rst end of the pipe (from another source not shown) 
for laminar flow toward the other end. Melted plastic A 
or B will be selectively injected into the openings of the 
matrix to form the article of plastic A in the mold mate 
rial of plastic B. The amount of plastic A or B injected 

. into the openings of the matrix will be metered to match 
the main flow of plastic B introduced into the ?rst end 
of the pipe whereby each article formed from plastic A 
will move downstream away from the matrix with the 
main flow of plastic B and harden in the still liquid 
plastic B. Before plastic B hardens,§ the articles formed 
will be removed and cleaned. 

Referring now to FIGS. 15-17, there will be de 
scribed another embodiment of the process of the pres 
ent invention. In this embodiment, fusible particles are 
employed to form each layer which then is selectively 
fused by a laser beam to fuse an area in each layer which 
de?nes that portion of the article in the layers. The 
fusible particles may be of a suitable plastic or plastic 
coated sand or small sand grains itself wherein a laser 
powerful enough to melt sand is employed. In FIG. 15, 
a layer to be selectively fused by a laser beam is illus 
trated at 171. The laser beam is depicted at 173. It is 
produced by a laser 175 and reflected from mirrors 177 
and 179 onto the layer. Motors 181 and 183 rotate the 
mirrors 177 and 179 to cause the beam to scan the layer 
171 in successive side-by-side scan lines illustrated at 
185. The laser beam will be turned off when scanning 
that portion not to be fused and turned on when scan 
ning that portion to be fused. In FIG. 15, that portion .to 
be fused is illustrated at 187. The laser will be controlled 
by a computer or other system for selectively turning 
the laser on and off to selectively fuse adjacent lines in 
each layer. After one layer is selectively fused, another 
layer will be added to the top thereof and selectively 
fused whereby the article will be built in layers, the 
fused portion of one layer fusing onto a portion of the 
prior layer. After the article has been formed, the un 
fused particles will be removed by dusting, blowing, or 
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washing thereby leaving the ?nished article. This pro~ 
cess has advantages over the previously described pro 
cesses in that only one type of material is required and ~ 
no matrix is needed. 

Referring to FIGS. 16 and 17, an apparatus is _illus' 
trated for forming each layer. The apparatus comprises 
a container 191 having a bottom 193 movable vertically 
by a rod 195 within the walls of the container. A tight 
seal will be provided between the edges of the bottom 
193 and the inside walls of the container to prevent the 
particles from passing therebetween. An upper window 
197 is provided having a thickness which de?nes the 
thickness of each layer. Initially, the bottom 193 will be 
located at the level of the lower edge of the window ‘ 
197. A mound of fusible particles will be located in the 
window on the bottom 193 and then wiped by member , 
v199 to a thin layer, level with the top of the window 
.197. Excess material is removed by a conveyor belt 201 
for reuse. After the layer has been selectively fused by 
the laser beam, the bottom 193 is moved downward a 
distance corresponding with the thickness of the win 
dow 197 and a second layer of particles deposited on the 
?rst layer. The second layer is selectively fused by the 
laser beam and the process repeated until the solid arti 
cle is formed in the container. The unfused particles are 
removed leaving the ?nished article. 

Instead of using alaser to selectively fuse each layer, 
a separate mask for each layer and a heat source may be 
employed. In this embodiment, each mask will have an 
opening corresponding to the area of the layer to be 
fused. The mask will be placed over its associated layer 
and a heat source located above the mask. Heat passing 
through the opening of the mask will fuse together the - 
particles exposed through the opening of the mask. The 

‘ particles not exposed to the direct heat will not be fused. 
A second layer of particles will be spread over the ?rst 
layer and its mask with the heat source employed to 
selectively fuse the second layer and the process re 
peated to build the article in layers. The fused portion of 
each layer will be fused onto a portion of the previous 
layer to build the solid article. After the solid article is 
formed in this manner, the unfused particles will be 
removed leaving the ?nished article. The apparatus of 
FIGS. 16 and 17 may be employed to form each succes 
sive layer. 

In another embodiment, particles may be formed into 
sheets using material such as a water-soluble glue to 
hold the particles together while in a sheet form. In 
stead‘of forming each layer of loose particles, each layer 
will be formed of a sheet of the above described mate 
rial. The mask-heat or laser beam process may be used 
to fuse the particles together to form a water “unsolu 
ble” bond where the solid portion of the article is to be 
produced in each layer. After making an article, the 
water soluble portions may be washed away, thereby 
leaving the solid article in ?nished form. This embodi 
ment has advantages of not requiring the layers to be 
located horizontally during the fusing step. ' 

I claim: 
1. A molding process for forming a three-dimensional 

article out of casting material comprising the steps of: 
(a) sequentially depositing the casting material and a 
mold material in unsolidi?ed form in planar layers, 

(b) in a ?rst layer depositing the casting material to 
?ll an area which de?nes that portion of the article 
to be formed in that layer, 
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(c) in said ?rst layer. depositing the’ mold material 

next to said area such that the mold material holds 

the casting material in place. 
(d) in each adjacent layer repeating steps (b) and (c) 

until the article is formed from the casting material 
in unsolidi?ed form held in place by=the mold mate 

rial, _ 

(e) solidifying the casting material, and ‘ 
(f) removing the mold material. 
2. A molding process for forming a three-dimensional 

article out of casting material comprising the steps of: i 

_ (a) locating in a given position a matrix comprising a 
planar grid-like member having a plurality of open 
ings formed therethrough, 

(b) depositing in selected ones of said openings a 
casting material to ?ll an area in a layer which 

de?nes that portion of the article to be formed in 
that layer. . 

(c) depositing in other of said openings next to said 
area a mold material to ?ll the area in said layer not 

?lled by the casting material, 

E ' 4,247,508 , 
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(d) separating said matrix and said layer, said mold 
material holding said casting material in place in 
said layer, 

(e) repeating steps (b), (c), and (d) sequentially in 
adjacent layers until the article is formed from the 
mold material held in place by the casting material, 

(0 solidifying the casting material, and 
(g) removing the mold material. ‘ 
_3. A molding process for forming a three-dimensional 

article out of a material capable of being solidi?ed, 
comprising the steps of: 

(a) sequentially depositing the material in planar lay 
ers, 

(b) in a'?rst layer depositing the material over an area 
greater than the area of the article to be formed in 
that layer, 

(c) in said ?rst layer solidifying the casting material 
over an area which de?nes that portion of the arti 
cle to be formed in that layer leaving the material 
in the remaining area of that layer unaffected, 

(d) in each adjacent layer repeating steps'(b) and (0) 
until the article is formed from the material in solid 
ified form, and ' 

(e) removing the unaffected material from around 
said article. 

' i t i i i 
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[57] ABSTRACT 

A molding process for forming a three-dimensional article in 
layers. In one embodiment, a matrix comprising a planar 
grid—like member having a plurality of openings formed 
therethrough is employed. In an initial layer, casting material 
and mold material are deposited in selected openings to form 
a portion of the article in that layer with the casting material 
surrounded by the mold material. The matrix is located 
sequentially in adjacent layers and in each layer, the selec— 
tive deposition of casting and mold material is repeated 
whereby the article is formed layer by layer from the casting 
material held in place by the mold material. The casting 
material is solidi?ed and the mold material is removed. 

In another embodiment, planar layers of material are sequen 
tially deposited. In each layer, prior to the deposition of the 
next layer, a portion of its area is solidi?ed to de?ne that 
portion of the article in that layer. Selective solidi?cation of 
each layer may be accomplished by using heat and a selected 
mask or by using a controlled heat scanning process. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

The patentability of claims 1 and 2 is con?rmed. 

Claim 3 is determined to be patentable as amended. 

New claims 4-23 are added and determined to be patent 
able. 

3. A molding process for forming a three-dimensional 
article out of a material capable of being solidi?ed, com 
prising the steps of: 

(a) sequentially depositing the material in planar layers, 
(b) in a ?rst layer depositing the material over an area 

greater than the area of the article to be formed in that 
layer, 

(c) in said ?rst layer solidifying the [casting] material over 
an area which de?nes that portion of the article to be 
formed in that layer leaving the material in the remain 
ing area of that layer unaffected, wherein the solidifying 
step comprises directing a laser beam to the material 
within the area which de?nes that portion of the article 
to be formed in that layer, 

((1) in each adjacent layer repeating steps (b) and (0), 
wherein the repeated solidifying step fuses a portion of 
the article in each layer to a portion of the article 
formed in a prior layer; until the article is formed from 
the material in solidi?ed form, and 

(e) removing the unaifected material from around said 
article. 

4. The method of claim 3 wherein the directing step 
comprises directing the laser beam in successive side-by 
side scan lines. 

5. The method of claim 3 wherein the directing step directs 
the laser beam by re?ection from at least one mirror: 

6. The method of claim 3 wherein the directing step 
comprises, for each of the layers, turning on the laser beam 
with a computer so as to scan that portion of the article to 
be formed in the layer. 

7. The method of claim 3, wherein the directing step 
comprises, for each of the layers: 

directing the laser beam in successive side-by-side scan 
lines by re?ection from at least one mirror; and 

turning on the laser beam with a computer so as to scan 
that portion of the article to be formed in that layer. 

8. A molding process for forming a three—dimensional 
article out of a material capable of being solidi?ed, com 
prising the steps of: 

(a) sequentially depositing the material in planar layers, 
(b) in a ?rst layer depositing the material over an area 

greater than the area of the article to be formed in that 
layer, 

2 
(c) in said ?rst layer solidifying the material over an area 

which de?nes that portion of the article to be formed in 
that layer leaving the material in the remaining area of 
that layer una?eeted, wherein the solidifying step com 

5 prises: 
applying a mask over said ?rst layer of material, the 
mask having an opening corresponding to the area of 
said ?rst layer which de?nes that portion of the 
article to be formed in said ?rst layer; and 

exposing said ?rst layer of material to a heat source 
10 through the mask, 

(d) in each adjacent layer repeating steps (b) and (c), 
wherein the repeated solidifying step fuses a portion of 
the article in each layer to a portion of the article 

15 formed in a prior layer, until the article is formed from 
the material in solidi?ed form, and 

(e) removing the una?’ected material from around said 
article. 

9. The method of claim 3 wherein the material comprises 
a powder of ?rsible particles. 

10. A molding process for forming a three-dimensional 
article out of a material capable of being solidi?ed, com 
prising the steps of: 

(a) sequentially depositing the material in planar layers, 
(b) in a ?rst layer depositing the material over an area 

greater than the area of the article to be formed in that 
layer, 

(c) in said ?rst layer solidifying the material over an area 
which de?nes that portion of the article to be formed in 
that layer leaving the material in the remaining area of 
that layer una?’ected, 

(d) in each adjacent layer repeating steps (b) and (c), 
wherein the repeated solidifying step fuses a portion of 
the article in each layer to a portion of the article 
formed in a prior layer, until the article is formed from 
the material in solidified form, and 

(e) removing the una?ected material from around said 
article, 

wherein the depositing steps each comprise de?ning a layer 
of material within a walled container above a vertically 
movable platform within the container: 

11. The method of claim 10 wherein the vertically move 
able platform comprises the bottom of the container. 

12. The method of claim 10 wherein the vertically move 
able platform supports the three-dimensional article as it is 
being formed. 

13. The method of claim 10 wherein said de?ning step 
comprises: 

35 
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45 

locating a volume of the material at an upper surface of 
50 . 

the container; and 

advancing a wiper member across the material to de?ne 
the layer of the material. 

14. The method of claim 10 wherein the material com 
prises a powder of fusible particles; 

and wherein the solidifying step comprises binding par 
ticles of the powder to one another over an area which 
de?nes that portion of the article to be formed. 

15. The method of claim 14 wherein the binding step 
comprises, for each of the layers, applying energy to the 
fusible particles in a selected portion of the layer. 

16. The method of claim 15 wherein the applying step 
comprises directing a laser beam to the material. 

17. A molding process for forming a three-dimensional 
article out of a material capable of being solidi?ed, wherein 
the material comprises a plastic powder; the process com 
prising the steps of: 

55 
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(a) sequentially depositing the material in planar layers, 
(b) in a ?rst layer depositing the material over an area 

greater than the area of the article to be formed in that 
layer, 

(c) in said ?rst layer solidifying the material over an area 
which de?nes that portion of the article to be formed in 
that layer leaving the material in the remaining area of 
that layer una?ected, 

(d) in each adjacent layer repeating step (b) and (c), 
wherein the repeated solidifying step fuses a portion of 
the article in each layer to a portion of the article 
formed in a prior layer, until the article is formed from 
the material in solidified form, and 

(e) removing the una?ected material from around said 
article. 

18. The method of claim 3 wherein the material comprises 
a powder of a ?rst material coated with a second material, 
wherein the second material has a lower melting tempera 
ture than the ?rst material. 

19. The method of claim 3 wherein the material comprises 
sand. 

20. A molding process for forming a three~dimensional 
article out of a material capable of being solidi?ed, com 
prising the steps of: 

(a) sequentially depositing the material in planar layers, 
(b) in a ?rst layer depositing the material over an area 

greater than the area of the article to be formed in that 
layer; 

(c) in said ?rst layer solidfying the material over an area 
which de?nes that portion of the article to be formed in 
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that layer leaving the material in the remaining area of 
that layer una?ected, 

(d) in each adjacent layer repeating steps (b) and (c), 
wherein the repeated solidifying step fuses a portion of 
the article in each layer to a portion of the article 
formed in a prior layer, until the article is formed from 
the material in solidi?ed form, and 

(e) removing the una?ected material from around said 
article, 

wherein the depositing steps each comprise: 
supporting the material within a walled container above 

a vertically moveable platform therewithin; and 
before each repeated solidifying step, lowering the verti 

cally moveable platform. 
21. The method of claim 20, further comprising, after 

each lowering step, advancing a wiper member across the 
material. 

22. The method of claim 3 wherein the removing step is 
performed after the repeated depositing and solidifying 
steps. 

23. The method of claim 3, wherein the material com 
prises a plurality of sheets of powder particles bound to one 
another therewithin; 
and wherein the repeated depositing steps each comprise: 

placing one of the plurality of sheets over a previously 
deposited layer. 


