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tern may be of wood or other suitable material and has 
a contoured surface 22. In the example selected, the Sur 
face 22 corresponds to the reverse of a desired contoured 
surface 24 of a pulp molding suction die member 26 
shown in FIG. 12, except that the surface 22 of FIG. 1 
is greater in size to provide for two successive shrinkages 
due to casting metal, such as aluminum, in sand molds. 
The surface 22 may be of substantial area and may, for 
-example, be contoured in a manner providing for form 
ing moided pulp trays of the type disclosed in my co 
pending application Serial No. 746,817 filed July 7, 1958. 
Thus the surface 22 may have a plurality of spaced dome 
shaped projections 28 corresponding to cup shaped pockets 
36 in the die member 26 of FIG. 12. Such done shaped 
projections of FIG. 1 are separated from each other by 
grooves 32 corresponding to ridges 34 of the die member 
of FIG. 12, the grooves 32 being laterally separated be 
tween laterally spaced dome shaped projections 28 of 
FIG. 1 by minor projections 36 extending between longi 
tudinally spaced dome shaped projections 28. 
As shown in FIG. 2, the pattern 28 may be placed in a 

suitable frame providing a wall 38 around the edges of 
such pattern. A sand core 4t may be formed in contact 
with the surface 22. Such sand core has a contoured Sur 
face 42 which is the reverse of the surface 22 and which 
corresponds to the desired surface 24 of the suction die of 
FIG. 12 except that it is greater in size. As shown in FIG. 
3, the core 40 may be positioned in a sand mold formed 
in a drag 44 so as to have the Surface 42 thereof at the 
parting line between the lower portion of a sand nacid 
in the drag 44 and the upper portion of a sand mold in a 
cope 46. The upper portion of the sand mold is formed 
in the cope 46 in contact with the core 4 so as to have a 
contoured surface 22, thereon, which is the same as the 
surface 22 of the basic pattern 269. 
As shown in FIG.4, the core 40 of FIGS. 2 and 3 may 

be modified to provide, a modified core 49' after the core 
4G has been employed to form the surface 22 on the upper 
portion of the sand mold in the cope 46. For example, 
depressions 48 may be formed in the lowermost portions 
of the pockets in the surface 42 of FIGS. 2 and 3 to pro 
vide a modified contoured surface 42. Such depressions 
48 correspond to support posts 50 on the suction die 26 of 
FIG. 12. It will be apparent that the upper portion of 
the sand mold in the cope 46 must be removed from the 
lower portion of the mold in the drag 44 to provide access 
for modifying the core 49 to form the core 40'. It will 
be further apparent that the core 40 of FIG. 3 can be 
modified by removing material from such core to form 
the depressions 48. When the upper portion of the mold 
in the cope 46 is replaced, it is held in vertically spaced 
position with respect to the lower portion of the mold in 
the drag 44 by a spacing frame providing walls 52 sur 
rounding the edges of the core 40' to provide a mold space 
54 in which a metal pattern 56 for a suction die member 

i end of the form shown in FIG. 5 can be cast. The spac 
ing frame 52 has a thickness providing a suitable thick 
ness of the pattern 56 which will provide a desired thick 
mess of the suction die member 26 of FIG. 12 to be cast 
in the mold casting. 

It will be apparent that known or Suitable foundry 
procedures may be employed in the actual fabrication of 
the sand core 40 and the sand molds in the cope. 46 and 
drag 44. It will also be apparent that the mold of FIG. 
4 will be provided with suitable inlet ports for molten 
metal and vents for escape of air and gas in accordance 
with known or suitable foundry practice. A suitable metal 
for casting the pattern 56 is aluminum but other metals 
can be employed. 
The pattern of FIG. 5 corresponds in all essential de 

tails to the suction molding die member 26 shown in 
FIG. 12, except that it is greater in size to provide for 
shrinkage during casting of such suction die member. 
That is to say, the pattern 56 of FIG.5 has a contoured 
surface .58 which is the reverse of the contoured surface 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

O 

5 

m 4. 

22 of the pattern. 20 of FIG. 1, except that it is smaller 
because of shrinkage during casting of the pattern 56. 
The suction die member 26 of FIG. 12 may be cast by 
any known or suitable foundry procedures employing the 
pattern 56 of FIG. 5. Shrinkage will also take place dur 
ing such casting so that the pattern 22 of FG. 1 must have 
a Surface 22 which is sufficiently greater in size than the 
surface 24 of the suction die member of FIG, 12 to pro 
vide for two separate shrinkages. The cast suction die 
member 26 is shown in F.G. 12 after it has been na 
chined and secured to a die member support plate 59. 
At least two patterns 56 such as shown in F.G. 5 will 

usually be cast. One will be employed as a pattern for 
casting Suction die members such as the suction die mem 
ber 26 of FIG. 12. The other will be modified by hav 
ing suction apertures 69 and 62 drilled therein as shown 
in FIG. 6 to provide a modified pattern 64 employed in the 
process of making a mold for a compression die member. 
Such modified pattern 64 may be mounted so as to form 
the top waii of a vacuum chamber 66. A sheet 68 of ther 
moplastic material having its edges secured in a support 
ing frame 70 is warmed to a softening temperature in 
any Suitable manner, for example, in an oven or by being 
exposed to infrared lamps, and then is placed in contact 
with the contoured surface 58 of the modified pattern 64. 
A vacuum is then produced in the chamber 66 by with 
drawing air through a vacuum connection 72. The heated 
thermoplastic sheet is pulled into intimate contact with 
the surface 58 and is allowed to cool in contact therewith 
while the vacuum is maintained in the chamber 66. The 
pattern 64 has right angular edges at 74 and the frame 
68 is depressed around the chamber so that the edges of 
the sheet are hooked over the edges 74. This prevents 
shrinkage of the sheet during cooling to provide a formed 
sheet 68 shown in FIG. 7 after the sheet has been cut 
from the frame 70. This procedure is employed in cas 
ing a compression die member which will be employed at 
the same temperature as the suction die member 26 of 
FIG. 12. 
The sheet 68 is selected to have a thickness which cor 

responds to the desired distance or space between the 
suction and compression die members when such die 
members are employed to compress a formed layer of 
pulp. Such distance must be sufficient to accommodate 
the wire screens conventionally employed to cover the 
suction die member of the mating dies in such an opera 
tion as well as the layer of pulp on such screens. Such 
screens may be of the general type shown in my co 
pending application Serial No. 832,790 filed August 10, 
1959. 
The contoured surface 76 of the sheet. 68 of FIG. 7 

thus corresponds to the desired contoured surface 78 of 
a compression die member, such as the compression die 
member 80 of FIG. 11, except for being greater in size 
to provide for shrinkage during casting of the die mem 
ber 80. Since the material of the sheet 58 stretches thin 
ner at the positions of greatest stretching, small shims 
82 of foraminous material may be employed in the pock 
ets provided by the contoured surface 58 of the pattern 
64 of FIG. 6 so as to compensate for such thinning of 
the sheet of material. 
As shown in FIG. 7, the pattern 64 and sheet 68 Sup 

ported thereon may be employed to make a plaster pat 
tern 84 by employing a frame providing a wall 86 and 
casting such plaster pattern in contact with the sheet 68. 
As shown in FIG. 8, such plaster pattern 84 may then 
be employed to make a sand core 88 in a manner similar 
to that described with reference to FIG. 2, such core 
having a contoured surface 9. The sand core 88, as 
indicated in FIG. 9, may be positioned in the lower por 
tion of a sand mold in a drag 92 with its contoured sur 
face 90 at the upper surface of the lower mold portion. 
In the example selected a supplemental pattern 94 in the 
form of a rectangular flanged rim member is positioned 
above the core 88 and the upper portion of a sand mold 
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formed in a cope 95 in contact with such pattern and the 
core 88. The only purpose of supplemental pattern 94 
is to cast a flange on the compression die member which 
is to be cast in the mold. Such flange is used in holding 
the die member during machining and is removed in the 
latter stages of such machining. 
The final mold is shown in FIG. 10 after the upper 

portion of the mold has been formed and the supple 
mental pattern 94 removed. Also the upper portion of 
the mold has been supported in spaced relation above 
the lower portion of the mold in the drag 92 by a spacer 
ring 96 surrounding the edges of the core 88 So as to 
provide a mold cavity 98. A compression die member 
of a suitable metal such as aluminum can be cast in the 
resulting mold and it will be understood that the mold 
will be provided with suitable inlet ports and vents. 
The resulting cast compression die member 80 is shown 

in FIG. 11 after it has been machined and secured to a 
die member support 100. Such compression die has a 
contoured surface 102 which is the reverse of the con 
toured surface 24 of the suction die member of FIG. 12 
and is of a shape such that for one relative position of 
the two die members when such die members are at the 
same temperature, the contoured surfaces thereof are 
spaced from each other in directions measured perpen 
dicularly to the contoured surfaces a constant distance 
equal to the combined thicknesses of woven wire Screens 
covering the contoured surface 24 of the suction die 
member 26 and of a layer of pulp upon such screens. 

In use the suction die member 26 will form one wall 
of a vacuum and pressure chamber and will have a large 
number of small holes (not shown) drilled therethrough 
so that a vacuum can be employed to produce such layer 
of pulp and so that air pressure can be employed to assist 
in removing a resulting molded pulp article from the 
suction die member. Similarly, the compression die 
member 80 will form a wall of another similar chamber 
and will have a lesser number of small holes drilled there 
through to enable a vacuum to be employed to assist in 
removing such molded pulp article from the suction die 
member and to enable air pressure to be employed to 
discharge the molded pulp article from the compression 
die member. The compression die member 80 is em 
ployed to compress the layer of pulp upon the screens 
on the suction die member 26 to form the molded pulp 
article and such compression operation is carried out 
while both die members are at very nearly the same ten 
perature. 
An alternative procedure may be employed in making 

a compression die member which is used to compress a 
layer of pulp while the compression die member is at a 
temperature substantially above the temperature of the 
cooperating suction die. Another sheet 104 of thermo 
plastic material is shown in FIG. 13 as having its edges 
secured in a frame 70. Such sheet is heated and posi 
tioned upon a modified pattern 64 which may be the 
same as the pattern 64 of FIG. 6. Such pattern 64 forms 
the upper wall of a vacuum chamber 106 which may be 
the same as the vacuum chamber 66 of FIG. 6, except 
that its edge walls 198 are thicker and extend up around 
the edges of the pattern 64 and are provided with inclined 
surfaces 10 which mask the corners 74 of the pattern. 
As described with reference to FIG. 6, a vacuum is pro 
duced in the chamber 106 by withdrawing air through 
the pipe 72 to draw the sheet 104 into intimate contact 
with the contoured surface 53. 

Instead of hooking the sheet 104 over the corners of 
the pattern, the sheet is cut from the frame 70 and al 
lowed to shrink during cooling while held on the pattern 
by the vacuum. The inclined surfaces 110 enable such 
shrinkage. The resulting formed and cooled sheet 164 
is removed from the pattern 64 and as shown in FIG. 14, 
is placed on a support 12 and employed to cast a plaster 
pattern 114 employing a frame providing a Surrounding 
wall 86 in the same manner as the plaster pattern 84 of 
F.G. 7 is cast. 
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The resulting plaster pattern 14 may be positioned 

within a supplemental pattern 116 to provide a complete 
pattern, such as shown in FIG. 15, for a compression die 
member. A metal compression die member 118 shown 
in FIG. 16 may then be cast by employing the pattern of 
FIG. 15 in any known or suitable foundry procedure. 
The die member 118 may be employed with another suc 
tion die member 26 shown in FIG. 17, which suction die 
member may be the same as the suction die member 26 
of FIG. 12 and may have a contoured surface 24. The 
compression die member 18 of FIG. 16 may also have 
a contoured surface 120 which, when the die member 18 
is heated, is the reverse of and corresponds to the coin 
toured surface 24 of the suction die member 26 in the 
same manner that the contoured surface 02 of the corn 
pression die member 80 of FIG. 11 corresponds to the 
contoured surface 24. That is to say, the shrinkage of 
the sheet 104 of thermoplastic material of FIGS. 13 and 
14 compensates for the expansion of the compression die 
member when such die member is heated, and the result 
is that the contoured surface 20 of the die member 18 
when such die member is heated is substantially identical 
with the contoured surface 202 of the compression die 
member 88 of FIG. 11 when the die member 80 is at 
approximately room temperature. 
As a specific example sheets of polystyrene .125 inch 

thick have been found suitable for both the sheets 68 and 
104 of FIGS. 6 and 13, respectively. Such sheets provide 
the correct spacing between the Suction and compression 
die members and have the correct shrinkage for com 
pensating for the heating of a compression die member 
18 of FIG. 16 made of brass to a temperature of ap 
proximately 700 F. Other metals may be employed for 
the heated compression die and, in general, sheets of other 
thermoplastic materials having approximately the cor 
rect shrinkage can be found for making a pattern for 
casting such die member. 

It will be apparent that the contoured surfaces of the 
various die members may be varied in shape, for example, 
the number and size of the pockets 39 on the suction die 
members 26 and the corresponding projections on the 
compression die members 8G and 120 of FIGS. 11 and 
16, respectively, may likewise be varied. For die mem 
bers having the same overall lateral and longitudinal 
dimensions, the same supplemental patterns 94 and 116 
of FIGS. 9 and 15, respectively, may be employed with 
a plurality of different types of cores 88 or plaster pat 
terns 14. 

I claim: 
1. The method of making a second pattern having a 

contoured surface from a first pattern having a contoured 
surface to provide for casting first and second die mem 
bers having contoured die surfaces, mating in substantially 
constant spaced relationship with each other, which 
method comprises, heating to a softening temperature a 
sheet of thermoplastic material having a thickness ap 
proximately equal to the desired space between said sur 
faces of said die members, positioning the resulting heated 
sheet over said surface of said first pattern while sub 
jecting the opposite surfaces of said sheet to a fluid pres 
sure differential forcing one surface of said sheet against 
said Surface of said first pattern, cooling said sheet while 
on said Surface of said first pattern to provide a formed 
sheet having its other surface corresponding to the de 
sired contoured die surface of said second die member 
except for any shrinkage in casting said second die mem 
ber, and forming said second pattern from said other 
Surface of said formed sheet. 

2. The method of making a second pattern having a 
contoured surface from a first pattern having a contoured 
surface to provide for casting first and second die mem 
bers having contoured die surfaces mating in substantial 
ly constant spaced relationship with each other when said 
die members are at the same temperature, which method 
comprises, heating to a softening temperature a sheet of 
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thermoplastic material having a thickness approximately 
equal to the desired space between said surfaces of said 
die members, positioning the resulting heated sheet over 
Said Surface of said first pattern while subjecting the op 
posite Surfaces of said sheet to a fluid pressure differ 
ential forcing one surface of said sheet against said Sur 
face of said first pattern, cooling said sheet while on said 
Surface of said first pattern, holding the edges of said 
sheet during said cooling to provide a formed sheet having 
its other surface corresponding to the desired contoured 
die surface of said second die member except for any 
shrinkage in casting said second die member, and forming 
said second pattern from said other surface of said formed 
sheet. 

3. The method of making a second pattern having 
a contoured Surface from a first pattern having a Con 
toured Surface to provide for casting first and second die 
members having contoured die surfaces mating in sub 
stantially constant spaced relationship with each other 
when said second die member is at an elevated tempera 
ture relative to said first die member, which method com 
prises, heating to a softening temperature a sheet of 
thermoplastic material having a thickness approximately 
equal to the desired space between said surfaces of said 
die members, positioning the resulting heated sheet over 
said surface of said first pattern while subjecting the oppo 
site surfaces of said sheet to a fluid pressure differential 
forcing one Surface of said sheet against said surface 
of said first pattern, cooling said sheet while on said 
Surface of said first pattern, releasing the edges of said 
sheet to enable shrinkage of said sheet to provide a 
formed sheet having its other surface corresponding to 
the desired contoured die surface of said second die mem 
ber except for any shrinkage in casting said second die 
In ember, and forming said second pattern from said other 
surface of said formed sheet. 

4. The method of making first and second cast die 
members having contoured die surfaces mating in sub 
stantially constant spaced relationship with each other, 
which method comprises, making said first member by 
forming a pattern having a contoured surface correspond 
ing to the desired contoured surface of said first mem 
ber and of a size providing for shrinkage during casting 
of Said first member, making a mold for said first mem 
ber from said pattern, casting said first member in said 
mold, and making said second member by heating to a 
softening temperature a sheet of thermoplastic material 
having a thickness approximately equal to the desired 
Space between the mating contoured surfaces of said 
members, positioning the resulting heated sheet over said 
contoured surface of said pattern while Subjecting the 
opposite surfaces of said sheet to a fluid pressure dif 
ferential forcing one surface of said sheet against said 
contoured surface of said pattern, cooling said sheet 
while on the last mentioned surface to provide a formed 
sheet having its other surface corresponding to the desired 
contoured surface of said second member except for any 
shrinkage in casting said second die member, forming a 
second pattern from said other Surface of said sheet, 
making a second mold for said second member from said 
second pattern, and casting said second member in said 
Second mold. 

5. The method of making first and second cast die 
members having contoured die surfaces mating in Sub 
stantially constant spaced relationship with each other 
when said die members are at the same temperature, 
which method comprises, making said first member by 
forming a pattern having a contoured surface correspond 
ing to the desired surface of said first member and of 
a size providing for shrinkage during casting of said one 
member, making a mold for said first member from said 
pattern, casting said first member in said mold, and mak 
ing said second member by heating to a softening tem 
perature a sheet of thermoplastic material having a thick 
ness approximately equal to the desired distance between 
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3. 
the contoured surfaces of said meinbers, positioning the 
resulting heated sheet...over said... contoured Surface of 
said pattern while subjecting... the opposite surfaces of 
said sheet to a fluid pressure, differential forcing one 
Surface of said sheet against said contoured Surface of 
said pattern, cooling said sheet while on the last men 
tioned surface, holding the edges of said sheet during 
said cooling to prevent shrinkage thereof to provide a 
formed sheet having its other surface corresponding to 
the desired contoured surface of said second member 
except for any shrinkage in casting said second die mem 
ber, forming a second pattern from said other surface of 
said sheet, making a second mold for said second mem 
ber from said second pattern, and casting said second 
member in said second mold. 

6. The method of making first and second cast die mem 
bers having contoured die surfaces mating with each other 
in substantially constant spaced relationship when one of 
said members is at an elevated temperature relative to 
the other, which method comprises, making said first mem 
ber by forming a pattern having a contoured surface cor 
responding to the desired surface of said first member and 
of a size providing for shrinkage during casting of said 
first member, making a mold for said first member from 
said pattern, casting said first member in said mold, and 
making said second member by heating to a softening 
temperature a sheet of thermoplastic material having a 
thickness approximately equal to the desired distance be 
tween the contoured surfaces of said members, positioning 
the resulting heated sheet over said contoured surface 
of said pattern while subjecting the opposite surfaces of 
said sheet to a fiuid pressure differential forcing one-sur 
face of said sheet against said contoured surface of said 
pattern, cooling said sheet while on the last mentioned 
surface to shrink said sheet and provide a formed sheet 
having its other surface corresponding to the desired con 
toured surface of said second member except for any 
shrinkage in casting said second die member, forming a 
second pattern from said other surface of said sheet, mak 
ing a second mold for said second member from said 
second pattern, and casting said second member in said 
second mold. 

7. The method of making a pattern for casting a sec 
ond die member having contoured die surface mating in 
Substantially constant spaced relationship with a con 
toured surface on a first die member, which method com 
prises, heating to a softening temperature a sheet of ther 
moplastic material having a thickness approximately equal 
to the desired distance between the contoured surfaces 
of said die members, positioning the resulting heated 
sheet over the corresponding contoured surface of a 
pattern for said first die member while subjecting the 
opposite surfaces of said sheet to a fluid pressure differen 
tial forcing one surface of said sheet against said con 
toured Surface of said pattern for said first die member, 
Securing the edges of said sheet to the edges of said first 
pattern to prevent shrinkage of said sheet and cooling 
said sheet while on the last mentioned surface to provide 
a formed sheet having its other surface corresponding to 
the desired contoured surface of said second die member 
except for any shrinkage in casting said second die mem 
ber, and forming a pattern for said second die member 
from said other surface of said sheet. 

8. The method of making a pattern for casting a sec 
ond die member having contoured die surface mating in 
Substantially constant spaced relationship with a con 
toured surface on a first die member, which method com 
prises, heating to a softening temperature a sheet of 
thermoplastic material having a thickness approximately 
equal to the desired distance between the contoured sur 
faces of said die members, stretching the resulting heated 
sheet over the corresponding contoured surface of a pat 
tern for said first die member while subjecting the op 
posite surfaces of said sheet to a fluid pressure differen 
tial forcing one surface of said sheet against said con 
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toured surface of said pattern for said first die member, 
cooling said sheet while on the last mentioned surface, 
releasing the edges of said sheet to enable said sheet to 
shrink during said cooling to provide a formed sheet 
having its other surface corresponding to the desired con 
toured surface of said second die member except for any 
shrinkage in casting said second die member, and form 
ing a pattern for said second die member from said other 
surface of said sheet. -- 

9. The method of making patterns for casting die mem 
bers having contoured die surfaces mating in substan 
tially constant spaced relationship with each other, which 
method comprises, making a pattern member having a 
contoured pattern surface which is the reverse of the con 
toured surface of one of said die members and of a size 
providing for a double shrink in subsequent casting opera 
tions, forming a mold core having the reverse of Said 
pattern surface by contact with said pattern surface, 
positioning said core in a lower mold portion with said 
reverse pattern surface exposed, forming an upper mold 
portion in contact with said core, thereafter supporting 
said upper mold portion in spaced relation to said lower 
imoid portion to provide a mold cavity, casting a first die 
member pattern having a contoured surface in said mold 
cavity, heating to a softening temperature a sheet of 
thermoplastic material having a thickness approximately 
equal to the desired distance between the contoured sur 
faces of said die members, positioning the resulting heat 
ed sheet over the said contoured surface of said first die 
member pattern, subjecting the opposite surfaces of said 
sheet to a fluid pressure differential forcing one surface 
of said sheet against said surface of said first die member 
pattern, cooling said sheet while on the last mentioned sur 
face to provide a formed sheet having its other surface 
corresponding to the desired contoured surface of a second 
die member except for any shrinkage in casting said sec 
ond die member, and forming a pattern for said second 
die member from said other surface of said sheet. 

10. The method of making patterns for casting die 
members having contoured die surfaces mating in sub 
stantially constant spaced relationship with each other 
which comprises making a pattern member having a con 
toured pattern surface which is the reverse of the con 
toured surface of one of said die members and of a 
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size providing for a double shrink in subsequent casting 
operations, forming a mold core having the reverse of 
said pattern surface by contact with said pattern sur 
face, positioning said core in a lower mold portion with 
said reverse pattern surface exposed, forming an upper 
mold portion in contact with said core, removing said 
upper mold portion from said lower mold portion and 
removing material from said core to modify the exposed 
surface of said core to a desired shape, thereafter support 
ing said upper mold portion in spaced relation to said 
lower mold portion to provide a mold cavity, casting a 
first die member pattern in said mold cavity, heating to a 
softening temperature a sheet of thermoplastic material 
having a thickness approximately equal to the desired 
distance between the contoured surfaces of said die men 
bers, positioning the resulting heated sheet over the said 
contoured surface of said first die member pattern, sub 
jecting the opposite surfaces of said sheet to a fluid pres 
sure differential forcing one surface of said sheet against 
said Surface of said first die member pattern, cooling said 
sheet while on the last mentioned surface to provide a 
formed sheet having its other surface corresponding to the 
desired contoured surface of a second die member except 
for any shrinkage in casting said second die member, and 
forming a pattern for said second die member from said 
other surface of said sheet. 
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