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a. 

3,165,789 
MANDREE, FOR FOR ANG INSJLATOR CASNG 
John T. Jackson, Louisvie, Gaio, assignor to Miandreis, 

Inc., Louisville, Ciaie, a corporation of Ohio 
Filei. Aug. 8, 1963, Ser. No. 300,739 

2 Claiias. (C. 18-45) 

This invention relates generally to mandrels on which 
hollow shells or casings are formed, and more particularly 
to a hollow mandrel of destructible material which can 
be broken up and removed after the shell has been formed 
thereon. 

Such mandrels are frequently used to form relatively 
thin insulator casings for fuel in guided missiles, the 
casings being normally formed by winding filaments of 

O 

elastomeric material, such as fiberglass, on the mandrel. 
The hollow maindrels are usually cast from frangible 

plaster-like material which must be strong and light 
weight material capable of maintaining an extremely ac 
curate outer surface as the filaments are wound under ten 
sion thereon, producing inward pressure on the mandrel. 
After the shell has been wound and cured, the mandrel 
must be broken up and removed through one or more of 
the ports normally provided in one end of the case, and 
this must be done without damaging or distorting the thin 
outer casing. 

Since the hollow mandrel must have a solid wall of sub 
stantial thickness and density in order to have adequate 
strength during the winding operation, the subsequent 
breaking up of the mandrei requires painstakingly careful 
chiseling throughout the entire mandrel to break it into 
pieces which can be removed through a port hole, and 
t the same time not damage or in any way detract from 

the contour accuracy of the outer shell. - 
U.S. Patent No. 3,083,409, dated April 2, 1963, shows 

a hollow mandrel construction having a wall of plaster 
material supported on a cardboard core, which may be 
a solid laminated core or a hollow tubular core. In 
either case, plaster disks mounted on a central shaft sup 
port the outer plaster wall of the mandrel. Such a man 
drel is not only expensive to build, but is difficult to 
break up and remove because, after the shaft, core and 
disks have been removed, the intact outer plaster wall of 
the mandrel must be carefully chiseled, broken up and 
removed. 

it is an object of the present invention to provide anim 
proved hollow destructible mandrel which provides ade 
quate strength and accuracy of outer contour for wind 
ing an insulator casing thereon, and which is subse 
quently easily broken up and removed without damaging 
the insulator casing. 
More specifically, it is an object to provide a hollow 

mandrei having an inwardly renovabie keystone rib con 
struction embedded in its outer wall. 

Another object is to provide removable means interiorly 
of the outer wall of the mandrel for temporarily support 
ing the embedded keystone ribs. 
A further object is to provide in one form of the inven 

tion an interior collapsible spoke construction for tem 
porarily supporting the embedded keystone ribs. 

These and other objects are accomplished by the parts, 
constructions and arrangements comprising the present 
invention, preferred embodiments of which are shown by 
way of example in the accompanying drawings and de 
scribed in detail herein. Variations in details of con 
struction and modifications are included within the scope 
of the appended claims. 

In general terms, the improved mandrel is a hollow 
casting of plaster-like material having an outer wall of 70 
extremely accurate predetermined outer contour with 
longitudinally extending ribs of keystone or dovetail cross 
section embedded in the waii and adapted for rapidly 
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inward removal therefrom, there being removable in 
ternal supporting means in the mandrel temporarily sup 
porting said ribs. - 

Referring to the drawings: 
F.G. 1 is a schematic perspective view showing in one 

embodiment one half of the improved mandrel as cast and 
constructed with a half mold. 

F.G. 2 is a transverse sectional view, as on line 2-2 
of FIG. 1, showing the other mating half of the mandrel 
joined to the first half in the mold. 

FiG. 3 is a side elevation of the cast mandrel removed 
from the mold and mounted in a lathe for finishing the 
outer contour. 
FG. 4 is a transverse sectional view on line 4-4 of 

F.G. 3. 
FIG. 5 is a longitudinal sectional view on line 5-5 of FIG.1. 
F.G. 6 is a plan elevation on line 6-6 of FIG. 3, show 

ing the template in position for finishing the outer con 
tour. 

FIG. 7 is a cross section of the mandrel with the shell 
wound thereon. 

FIG. 8 is a similar view with the keystone ribs re 
moved. - 

FIG. 9 is a longitudinal plan sectional view of another 
embodiment of the improved mandrel with the template 
in position for finishing the outer contour. 

F.G. 10 is a similar view showing the outer shell wound 
thereon. 

FIG. 11 is a cross sectional view on line 51-11 of 
FIG. 10. : 

FIG. 12 is a view similar to FIG. 10, showing the 
inner supporting shell removed. . . 

F.G. 13 is a cross sectional view on line 3-13 of 
F.G. 12. 
The mold for casting the hollow mandrel may be of any 

suitable material and one-half of the mold is shown sche 
matically at 15 in FGS. 1, 2 and 5. Preferably, the mold 
cavity 6 is formed of any suitable material, such as a 
resin or reinforced fiberglass which may be coated or 
sprayed with a nonadhesive material to insure ready 
separation of the cast mandred therefron. The material 
forming the mold cavity is suitably supported by struc 
tural members (not shown). 
The mandrel 7 is cast from a frangible material, pref 

erably any iow expansion plaster material such as ground 
gypsum. A plaster marketed by U.S. Gypsum under the 
trade name of "Ultracal' has been found satisfactory. 
The plaster in a semi-liquid plastic state is formed into 
the mold cavity by hand or in any usual manner, the 
wall thickness being on the order of about 2 inches, but 
varied according to requirements. The mandrel as cast 
is slightly undersize with respect to the finished mandrel. 
When the wet plaster is being spread over the mold 

cavity in each half, longitudinally aligned ribs 18 are 
embedded in the wall being formed, the ribs being key 
stone or dovetail in shape in cross section, with the inner 
lateral dimension being the wider. The ribs preferabiy 
are metal, wood or plastic material but may be of any 
suitable rigid or substantially rigid material. 
As shown in FIGS. 1 and 5, each half mandrel is sub 

stantially bathtub-like in shape and the rib portions 20 at 
the ends are curved to conform to the curved ends 21 of 
the mandrel. The ribs 18, 28 may be continuous from 
end to end, or may be interrupted as shown to form a 
longitudinal series. Preferably, a plurality of circum 
ferentially spaced longitudinal ribs or longitudinal rib, 
series is provided in each half of the mandrel. For 
example, two rib series are shown in each half. - 

Referring to FIGS. 1 and 5, the ends of each half 
mandrel and mold are provided with cirved recesses or 
half bores to receive a center shaft 22 extending axially 
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through the mandrel with its ends fitting in aligned re 
cesses 23 in the ends of the mold, and the shaft 22 is 
positioned in the bottom half of the mold when the half 
mandrel 47 is cast therein. 
The other or mating half of the mold and the cast 

half mandrel therein with embedded ribs are then in 
verted over and mated with the mold half 15, and after 
the half mandrels have been joined with wet plaster 
material, the upper mold half i5 may be removed as 
shown in FIG. 2, leaving the upper half 7 of the man 
drel mated with the lower half 7. Either or both of 
the mandrel halves may have one or more port holes 
formed therein, as required. 
The internal supporting means for the ribs 18, 28 and 

18, 20' are preferably metal spoke rods 26 and 26 ar 
ranged at longitudinal intervals, with the inner end of 
each rod abutting the shaft and the outer end abutting 
a portion of the ribs. 
The metal spoke rods 26 are easily positioned between 

the shaft 22 and the ribs 8 when the half mandrel 7. 
has been cast, as illustrated in FIGS. 1 and 5, the rods 
being held in place by globs of web plaster and fibrous 
material such as hemp applied to the ends of the rods. 
The spoke rods 25 are preferably inserted after the man 
drel halves have been mated and joined, access holes 
through the mold and mandrel permitting this to be 
accomplished. If necessary, these holes may be filled in 
with plaster or like material after the rods are positioned 
in the mandrel. 
The internally supported ribs 8 act to reinforce the 

wall of the mandrel, giving it additional strength to with 
stand the pressures exerted when the outer shell is wound 
thereon. 

After the joint between the two cast mandrel halves 
7 and E7 has set, the ends of the shaft are attached to 
a hoist and the mandrel lifted out of mold half 15' and 
mounted for rotation in a lathe indicated generally at 27 
in FIGS. 3 and 6. The shaft 22 is journaled in bearings 
28 or centered on live or dead centers and operatively 
connected to a motor drive 30. A side table 31 on the 
lathe supports a template 32 having the predetermined 
contour of the finished mandrel which may be about 4 
inch larger than the outer contour of the mandrel 17 
aS cast. 
As the mandrel is rotated, additional wet plaster ma 

terial is applied between the mandrel and the template 32 
which acts as a screed board to apply a skin or coating 33 
of the plaster uniformly over the mandrel. Preferably, 
the coating is built up in several stages by setting the 
template close to the mandrel and progressively moving 
it farther away thereform. By this method an accurate 
outer circumference is formed on the mandrel within a 
tolerance of .002 to .005 inch. 

After the coating has set, the elastomeric material such 
as fiberglass may be wound on the mandrel in a usual and 
well-known manner to form an insulator casing or shell 
34 of the required thickness. When the shell has been 
cured, the operation of breaking up and removing the 
mandrel comprises reaching into the mandrel through a 
port hole and knocking out the spokes 26 and 26, which 
is very easily done since their ends are attached only by 
globs of plaster. Once the spokes are removed, the shaft 
22 may be pulled and the ribs or rib portions 18 and 20 
are easily dislodged due to their keystone shape, and this 
leaves the outer wall 17 in spaced-apart arcuate sections, 
as indicated in FIG. 8, which are easily dislodged and 
broken up. To aid in dislodging the arcuate wall sec 
tions, anchor channels 35 may be embedded therein at 
intervals during the casting process, the channels having 
pull bars 36 attached thereto extending radially inward 
therefrom, preferably with perforate inner ends, providing 
projections to engage for prying or pulling the wall sec 
tions loose. 
The embodiment of the invention shown in FIGS. 9 

to 13, inclusive, comprises a generally conical shape of 
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4. 
mandrel which is formed and cast around the outer Sur 
face of a substantially conical tubular metal mold. 
Referring to FIGS. 9 and 10, the conical inner mold 140 
has a chucking block 4 at its small end in which an 
arbor 442 is mounted axially of the mold. At its large 
end the mold has an inner mounting ring 43 to which the 
inner plate 144 of a dome head 45 is detachably secured 
by screws 146. An axial shaft 47 is secured in dome 
45 and plate 144. The shaft and arbor provide means 

for rotatably mounting the mold in a lathe or the like. 
Wet plaster material to form the maindrel is applied to 

the outer surface of the mold 40 and a series of longi 
tudinally spaced, longitudinally extending, rigid ribs i48 
embedded in the plaster. As shown in FIG. 11, four 
equally spaced ribs may be used, and the ribs are key 
stone or dove-tail shape in cross section. The ribs 148 
may be attached at longitudinal intervals to the mold by 
screws 49. In this embodiment, the outer contour of 
the ribs may be notched at longitudinal intervals, as indi 
cated at 150, and the notches are designed to register 
with circumferential grooves which are to be formed 
in the outer surface of the mandrel. 

After the plaster has been rough formed into a man 
drel 5; having a girth or outer dimension slightly less 
than the required finished outer contour, including a 
plaster wall 52 over the dome 145, a template board 
153 having projections 154 registering with the notches 
550 is mounted alongside the mandrel and used to screed 
on a finishing coat of plaster i55 as the mandrel is 

50 

rotated, forming the required accurate outer contour 
within a tolerance of .002 to .005 inch. 
When the coating has set, the elastomeric material may 

be wound on the mandrel to form the shell 156, which in 
this embodiment is required to be substantially thicker 
than the shell 34, the winding preferably being applied 
over both ends of the Inandrel. After the shell has been 
cured, the dome may be severed by a rotary cutter 157, 
as indicated schematically in FIG. 10, and removed from 
the mandrel, whereupon the screws 149 are removed and 
the mold 49 is pulled axially cut of the mandrel. Eye 
bolts i53 may then be screwed into the holes left by 
screws 49 and used as means to aid in dislodging the ribs 
48 from the mandrel, leaving the outer wall in arcuate 

spaced-apart sections which are then dislodged and broken 
up. 
To facilitate removing the arcuate sections of the man 

drel, it may be desirable to mold anchor channel sections 
160 into the wall 51 between the ribs 148 and to hinge 
pull bars 551 thereon. These bars 161 lie flat in the 
channels against the mold 49, as shown in FIGS. 9 and 
10, and when the mold is removed they are swung radially 
inward as shown in FIGS. 11-13 to provide projections to 
be engaged for prying or pulling the arcuate mandrel 
sections loose. 

55 
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In both embodiments, the novel mandrel provides a 
reinforced construction of increased strength with an ac 
curate outer contour within the required close tolerance, 
and after the outer elastomeric shell is formed thereon, 
the mandrel is easily broken up and removed without 
damaging or distorting the shell in any way. 
What is claimed is: 
1. A hollow mandrel for forming a shell having an 

accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the mandrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, and internal means 
removably supporting said ribs. 

2. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 
wall, said ribs having a cross sectional shape adapted 
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for radially inward removal of said ribs from said wall, 
and internal means removably supporting said ribs. 

3. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the mandrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, internal means 
removably supporting said ribs, and anchor means en 
bedded in said wall between said ribs and having pro 
jections extending inwardly of said wall to aid in prying 
loose the wall sections between said ribs. 

4. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 
wall, said ribs having a cross sectional shape adapted 
for radially inward removal of said ribs from said waii, 
internal means removably supporting said ribs, and anchor 
means embedded in said wall between said ribs and having 
projections extending inwardly of said wall to aid in pry 
ing loose the wall sections between said ribs. 

5. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the mandrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, an axial shaft in 
the mandrel, and spoke rods detachably interposed be 
tween said shaft and said ribs for renovably supporting 
said ribs. 

6. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 
wall, said ribs having a cross sectional shape adapted for 
radially inward removal of said ribs from said wall, 
an axial shaft in the mandrel, and spoke rods detachably 
interposed between said shaft and said ribs for remov 
ably supporting said ribs. 

7. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the mandrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, an axial shaft in 
the mandrel, spoke rods detachably interposed between 
said shaft and said ribs for removably supporting said 
ribs, and anchor means embedded in said wall between 
said ribs and having projections extending inwardly of 
said wall to aid in prying loose the wall sections between 
said ribs. 

8. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 

5 

6 
wall, said ribs having a cross sectional shape adapted for 
radially inward removal of said ribs from said wall, 
an axial shaft in the mandrel, spoke rods detachably inter 
posed between said shaft and said ribs for removably sup 
porting said ribs, and anchor means embedded in said . 
waii between said ribs and having projections extending 
inwardly of said wall to aid in prying loose the wall sec 
tions between said ribs. 
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9. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the mandrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, and a tubular 
internal mold within said mandrel axially removable 
therefrom and detachably supporting said ribs. 

10. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
Substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 
wall, said ribs having a cross sectional shaped adapted 
for radially inward removal of said ribs from said wall, 
and a tubular internal mold within said mandrel axially 
removable therefrom and detachably supporting said ribs. 

11. A hollow mandrel for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, reinforcing ribs 
extending longitudinally of the maindrel axis detachably 
embedded in said outer wall and each having a keystone 
cross sectional shape with the inner lateral dimension 
wider than the outer lateral dimension, a tubular internal 
mold within said mandrel axially removable therefrom 
and detachably supporting said ribs, and anchor means 
embedded in said wall between said ribs and having pro 
jections hinged thereon for extending inwardly of said 
wall when said mold is removed. 

12. A hollow mandrei for forming a shell having an 
accurate outer contour, said mandrel having a center axis 
and an outer wall of frangible material, laterally spaced 
substantially rigid reinforcing ribs extending longitudinal 
ly of the mandrel axis detachably embedded in said outer 
wall, said ribs having a cross sectional shaped adapted 
for radially inward removal of said ribs from said wall, 
a tubular internal mold, within said mandrel axially re 
movable therefrom and detachably supporting said ribs, 
and anchor means embedded in said wall between said ribs 
and having projections hinged thereon for extending in 
wardly of said wall when said mold is removed. 
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