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This invention relates to certain new and use ful improvements in fluid pressure molding ap 
paratus. 

Objects and advantages of the invention will 
be set forth in part hereinafter and in part will 
be obvious herefrom, or may be learned by prac 
tice With the invention, the same being realized 
and attained by means of the instrumentalities 
and combinations pointed out in the appended 
claims. 
The invention consists in the novel parts, con 

structions, arrangements, combinations and im 
grovements herein shown and described. ' 
The accompanying drawings, referred to herein 

and constituti2g 2, p3rü hereofº, ilustrate one emo 
bodiment of the invention, and together with the 
descriptio, Serve to explain the principes of the 
invenio Ea. 

?n the ÝmaXh?fact11?e C? lamiÝnated molded ar 
ticles upon a rigid handre, the molding pres 
Sure is frequently applied to the moldabie na 
terial through the mediurn of a fluid under pres 
Sure, such, for examingle, as high pressure stear, 
or air, acting through a fuid-irapervious meta 
brane, or membranous container, wholly or par 
tially enveloping the mandrel and nodaiole ina 
terial assembled thereon. 

order to obtain the necessary differential 
Inolding pressure through the aenbrae, it is 
customary to vent or exhaust the membranous 
container while the molding pressure is being ap 
plied. It frequently happers that at the high 
molding temperatures and pressures employed 
steam permeates the container, either through 
the pores of the membrane, or through openings 
therein created by rough handling, gradual de 
terioration, rupture in use, or other causes. Con 
densation within the container follows and Water 
Collects therein. When the mandrel is recessed 
to receive stringers, the Water may collect in the 
stringer grooves, and the stringers Wetted with 
ensuing warping, twisting and other injurious 
effectS. 

Success of the molding operation is facilitated 
if the container is first evacuated. Evacuation 
is desirable to permit preliminary manipulation 
of the container on the mandrel, Freliminary 
manipulation tends to eliminate factors causing 
tearing and rupturing of the container. Such 
difficulties often arise when the container is per 
mitted to stretch unduly over sharp corners or 
gaps in the mandrel or moldable material, as 
pressure is applied. With large mandrels par 
ticularly, evacuation can be a relatively slow op 
eration. The slowness is apparently due to the 

difficulty of removing fluid trapped between the 
mandrel and Knoldable material as the latter con 
forms to the mandrei Surface. 

It is obviously desirable also that the mandrel 
5 possess high resistance to warping, crushing, 

bending and twisting. Wooden mandrels are ad 
vantageous in that their construction may be 
carried out with relatively non-skilled labor and 
for a given size they are of lighter Weight and 

30 cost less to fabricate than mandrels of concrete 
Or metal. In large sizes, however, it has been 
difficult to impart to them the necessary strength 
factors so that they will retain their exact form 
with continued usage over long periods of time. . 

25 Objects of this invention are: to provide im 
provernents in fluic pressure Noldtrg a)Paratus: . 
to provide a new and ingroved wood inandre 
having ar eXtended tseful life a:Kd liga resista 
ance to crashing, ending, Waging and Wisg; 

20 to provide a mandirei for Enolding articles by laid 
CLCLLLLC LLLCLLLLLLLLGGL LLGLLL SL SLlkLg LLGLSS 
brane which will minimize the possibility Ci in 
jury to the Shandrel or article conseques gon. 
leakage of the pressure aid into the s2ce 28a. 

88 tween the mandrei and the meatorane; Sad, to 
provide a, Enandrei which will easie said gp3.ce 
to be evacuated ECOne rapidly th9x, 2.9. Sheetoe. 
fore been possible. 
| Of the drawirags: 

30 Fig. it is a view in side elevation with parts 
in section of a fuselage mandrel constituting one 
embodiment of this invention; 

Fig. 2 is a view in elevation of the left end of 
the mandrel of Fig. ; 

35 Figs. 3 and 4 are sections respectively taken 
along the lines 3-3 and 4-6 of Fig. 1; 

Fig. 5 is a view in vertical section through fluid 
pressure molding apparatus showing the mandrel 
of Fig. 1 with moldable material thereon; 

40 Fig. 6 is a view in perspective of the fifth and 
sixth contour sections from the left end of the 
mandrel of Fig. 1; 

Fig. 7 is a view in side elevation of a binnacle 
stand mandrel constituting another embodiment 

45 of this invention; the mandrel being in the po- . 
sition it would occupy during a molding opera 
tion; and, 

Fig. 8 is a view in end elevation of the left end 
of the mandrel of Fig. 7. 

50 To the accomplishment of the foregoing ends 
and objects, there is provided in accordance with 
this invention, a WOOden mandrel comprising a 
strong and rigid assembly of individual units of 
wood. These units are SO constructed and ar 

55 ranged that in their assembled relationship, the 
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wood grain of each will run substantially, normal 
to the molding surface of the mandrel. 
Means are provided for draining water Or other 

liquid from stringer grooves or other recesses in 
the molding surface into the interior of the man 
drel from whence it can be removed by Suction 
through a non-molding surface of the mandrel. 
The term "molding surface' as used herein is 

intended to include all portions of the mandrel 
surface with which the moldable material, in 
cluding any and all reinforcing elements thereof, 
comes in contact or covers. Thus, it will be un 
derstood that the bottom and side walls of a 
groove in the mandrel, adapted to receive a pre 
formed stringer, for example, may form part of 
the molding Surface. 
The term "non-molding surface' as used here 

in refers to a surface not contacted or covered 
by moldable material although it may be, and 
generally is contacted, or covered by the pressure 
transmitting membrane, Sometimes hereinafter 
referred to as the container, which covers the 
molding surface of the mandrel during the mold 
ing operation. 
The same means is also utilized for effecting 

the withdrawal of air or other gaseous fluids from 
such recesses and from the container which en 
velops the mandrel during the molding operation. 

It will also be apparent that through the pro 
vision of a drainage system communicating with 
the space between the molding surface and mold 
able material, the removal of air, as during evac 
uation of the container, from between the mold 
able material and the mandrel is facilitated. In 
consequence, evacuation of the container can be 
carried out in considerably less time than is re 
quired for the purpose with mandrels of conven 
tional construction. 
In accordance with this invention, the mandrel 

is "built-up' of a number of Small WOOden mem 
bers or elements in such fashion as to obtain a 
structure of Superior resistance to deformation 
by bending, crushing and torsional forces. As 
embodied, these Wooden elements are so con 
structed and arranged that the grain of the wood 
of the elements forming the molding surface will 
be normal or Substantially normal to the mold 
ing surface throughout at least the major por 
tion of the molding surface area. 
Since the direction of action of fluid pressure 

is normal to the surface to which it is applied, 
the pressure upon the molding surface in a fluid 
pressure molding operation will act in the direc 
tion of the wood grain. High crushing resistance 
is thus obtained so that Substantially no variation 
in the contour of the molding surface will occur 
even after eXtensive Se of the mandrel. 
In Order to facilitate fabrication of the mandrel 

and at the same time to impart thereto a greater 
torsional rigidity, the mandrel comprises a num 
ber of side-by-side contour sections of multiple 
unit construction. 
Each unit of a Section is so fashioned that when 

aSSembled in its Section its grain will be substan 
tially normal to the molding surface of its sec 
tion. 
The units of each section are preferably also 

So fashioned and arranged that the seams or 
juncture lines of any one section will be in angu 
larly offset relation to the seams or juncture 
lines of its preceding and/or succeeding section. 
In consequence, increased shear strength is ob 
tained. 
Bonding of the successive sections and the units 

of each section to each other is obtained by means 

s 

0 

15 

2,892,707 
of a suitable adhesive, preferably a plastic bond 
ing agent, such, for example, as a Synthetic resin 
adhesive of which Durez, Plaskon and the like 
are typical. 
Means are provided for increasing the longi 

tudinal and torsional stiffness of the mandrel and 
for structurally integrating the mandrel sections 
into a unitary rigid structure. As embodied, Suit 
able spanwise stiffeners of which the grain runs 
in the direction of their length traverse the suc 
cessive sections at right angles thereto. These 
stiffeners are preferably adhesively bonded to the 
Sections and also serve to bond them mechani 
cally together. 

It will be understood that the foregoing gen 
eral description and the following detailed de 

º scription as well are exemplary and explanatory 
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but are not restrictive of the invention. Refer 
ring now to the accompanying drawings and more 
particularly to the embodiment of Figs. 1 to 6 
thereof a fuselage mandrel 9 as there embodied 
comprises a plurality of contour sections f O 
joined together in side-by-side relationship by 
means of dowels ft, inset longitudinal stiffeners 
2 and an external longitudinal stiffener or spar 
member f3. It will be understood that the man 
drel of Fig. 1 is adapted for the fabrication of 
One half of a fuselage, two such halves upon com 
pletion being assembled into a unit to form the 
desired Structure. 
As will be evident from Fig. 5, material such, 

for example, as laminae or sheets 4 of wood 
veneer of which the fuselage is to be constructed, 
is assembled on the molding surface of the 
mandrel, layer upon layer, to the desired thick 
neSS. This assembly is then enveloped in a mem 
brane 5 of flexible, resilient material such, for 
example, as rubber, neoprene, etc., forming a bag 
shaped container or envelope 5 through the 
medium of which it is possible to subject the 
assembly to a fluid molding pressure. 
The container 5 is provided with a removable 

closure member 6 Sealing its mouth and is 
adapted to be vented and/or exhausted through 
a venthose i 7 which extends through the con 
tainer 5 in Sealing engagement therewith. One 
end of the hose is removably lodged in a vent 
Opening 37 in a non-molding Surface 38 and the 
other end is connected to a valved fitting 8 
of a pressure vessel 9. The fitting may be con 
nected by suitable means to a suction pump (not 
shown). 
The pressure vessel 9 is equipped with a valved 

fitting 20 for supplying fluid under pressure from 
a suitable source (not shown) to the interior of 
the vessel and for releasing the pressure when 
the molding operation is complete. Suitable de 
vices, such as the pressure gauge 2, may be 
provided for determining the Operating condi 
tions in the vessel, 

It will be apparent that as the container 5 is 
collapsed, either by the building up of pressure 
within the vessel f 9 or by exhausting the con 
tainer through the fitting 8, fuid within the 
container will be discharged or educted through 
the fitting 8 and the mandrel 9 will be subjected 
to a uniformly distributed fluid pressure acting 
normal to the periphery of the mandrel. 
Each of the contour Sections 0 is of Suitable 

configuration providing a desired substantially 
arcuate molding Surface Over the area, which it 
is designed to cover and, as embodied, each is SO 
constructed and arranged that the grain of the 

75 
wood of which it is fashioned is substantially 
radially arranged and substantially normal to its 
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molding surface. As embodied in Fig. 1, each 
of the sections to comprises a number of dis 
similar wooden units 28, Fig. 6, respectively hav 
ing a curved molding surface portion 24 to which 
the wood grain is substantially normal. It will 
be apparent that each of the units 23 may be cut 

3 
? stiffener 3 over the entire contacting area of 

from a larger unit SO as to obtain this result. 
As embodied in Fig.6 each unit 23 is of generally 
"pie-shaped” construction so as to facilitate and 
make possible the assembly of the units into a 
section of the desired contour with the desired 
grain arrangement. The units 23 of a section are 

the section 0 and stiffener 3. 
It will be apparent that the mandrel of Fig. 1 

As of a construction providing great strength 
coupled with light weight. It has high resistance 
to crushing by reason of the arrangement of the 
grain of the sections Onormai to the molding 
surface. High resistance to deformation under 

i torsional and bending loads is provided by the 
O 

adhesively bonded to each other preferably by 
means of a synthetic resin adhesive applied to 
the contacting surfaces. ??? 

'. The sections í?) are assembled on the stiffener 
3 in side-by-side relationship from right to 

left as viewed in Fig. 1, the several sections being 
mechanically bonded together by the dowels. 
traversing adjacent Sections. r 
Apertures 26 are provided in each section fo 

for the reception of the dowels , the apertures 
being suitably spaced over the sections so that 
the dowels will not be axially aligned lengthwise 
of the mandrel. 

In the formation of the sections 0, the units 
23 of each section are formed so as not only to 
obtain the desired grain direction as shown, but 
also to obtain an angularly offset relationship 
of the seams or juncture lines between the units 
of one section and the seams or juncture lines of 
units of a preceding and/or succeeding section, 
Such an arrangement is shown in Fig. 8 wherein 
it, will be noted that he sections depicted, which 
correspond to the fifth and sixth Sections frºm 

6 
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the left in Fig. 1, have different numbers of units, 
namely, six in the first case and five in the sec 
ond. A similar arrangement of tinits is Preier 
ably followed in the other sections So as to 
achieve this angularly offset relationship. 
The longitudinai stiffeners 2, as here embodied 

fit within grooves 28 fashioned in the Sections 
G of the mandrel, Sig. 6. The grooves 28 may be 
formed in the mandrel after the Sections have 
been assembled or they may be formed in the 
respective units 23 prior to assembly as in Fig. 6. 

45 

The stifferers 2 as embodied may be of solid 
or laminated construction. As here embodied 
each is a plurality of strips of thin wood vegee 
adhesively bonded to the mandrel in the grooves 
26 so as to lie flush with and conform to the mold 
ing surface of the mandrel. Each of the thir 

... strips of wood veneer has its grain running 
lengthwise of the strip so as to provide adequate 
resistance to twisting and bending of the man 
drell. 
The spar stiffener 3 likewise has its grain 

running lengthwise of the m2ndrel for the same 
reasons, As here embodied, the stiffener 3 is 
formed of a number of side-by-side sections co 
extensive with the mandrel, each joined to the 
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other as by a tongue and groove construction 27, 
Figs. 2 and 3. Obviously, the stiffener í 3 may be 
a single unit or of multi-piece construction em 
ploying short elements oined to each other at 
their ends and/or at their sides. Various modi 
fied forms of stiffener construction will readily 
suggest themselves to those skilled in the art 
and such forms are intended to come within the 
scope of this invention. The stiffener 3, as here 
embodied, forms part of the molding surface in 
that the sides of the stiffener form a continuation 
of the contour of the contour sections 0. The 
latter are preferably adhesively bonded to the 

65 
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multiple unit construction and angularly offset 
units which affords an appreciable amount of 
cross-graining with its attendant increased 
strength in several directions. Additional stiffn 
ness and strength is contributed by mechanica 
bonding of the sections to each other by means 
of the lengthwise stiffeners 2 and 3 and dowels 
G, each having its grain running in the same 

direction and traversing the sections at sub 
stantially right 8ngles thereto and substantially 
paralel to the molding surface. 
Means are provided for draining the molding 

Surface of the mandrel; for facilitating exhaust 
ing of the container; and, for preventing the 
accumulation of liquid around removable string 
ers, both transverse and longitudinal, such as 
are adapted to be contained wholly or partially 
within recesses in the mandrel during molding 
and to form part of the article being molded. 

The venting and drainage means, as embodied, 
comprise a system of ducts through which fluid 
is adapted to be conducted by both gravity and 
suction from the molding surface, through the 
m2nd fel, to a non-molding surface of the man 
dre. 

Referring how more particularly to Fig. , the 
mandre there shown is provided with a number 
of transverse grooves 3 terminating above the 
base of the inandrel. Each of the grooves 30 is 
adapted to receive a preformed transverse stringer 
(not shown) flush with the molding surface and 
removable from the mandel with the molded 
article, when formed, as a reinforcing element 
thereof. Longitudinal grooves 3 communicat 
ing with the grooves 3 are adapted for the recep 
tion of longitudinal stringers 32, Fig. 5, for a 
similar purpose. It will be understood that it is 
common in the art to provide Such stringer 
grooves for the purpose aforesaid and that the 
number, type and arrangement may be suitably 
varied aS may be required. It is to be further 
understood, however, that the grooves 30, and 
the grooves 3 communicating therewith, form 
part of the drainage system and that by reason 
thereof liquid will tend to course downwardly 
therein from the upper to the lower reaches of 
the molding Surface. 

Each of the grooves 30 is connected at either 
end by a duct 32 to the Opposite ends. Of One of 
a number of transverse internal Suction ducts 
33 in the lower reaches of the mandrel. 
The ducts 32, as embodied, may be covered or 

uncovered so long as they provide a consecting 
channel between the stringer grooves 30 and the 
transverse internal ducts 33. As here embodied, 
the dicts 32 are in the form of Open channels 
which may be conveniently routed out of the sec 
tions to during fabrication of the latter and of a 
depth corresponding to that. of the grooves 30. 
Obviously, if an open channel in the molding sur 
face be undesirable, the ducts 32 may take the 
form of wholly enclosed passageways in the sec 
tions O. In either case, formation of the chan 
nels or ducts is obviously facilitated by the sec 
tional construction of the mandrel. ' 
The transverse ducts 3 form laterally extenda 



4' 
ing arms of a suction manifold of which the 
header is formed by a centrally located longi 
tudinally extending header duct 34 terminating 
in a vent opening 37 in the end wall 38 of the 
mandrel adapted to receive vent hose T. Both 
the transverse ducts 33 and the header duct 34 
may be routed out of the longitudinal Stringer 
3 prior to assembly of the sections to and spar 
member 3 and if desired may be lined or coated 
so as to prevent the absorption of liquid by the 
WOOd. 

10 

The vent opening 37, in the embodiment of Fig. 
1, is located at a considerable height above the 
bottom of the mandrel in order to facilitate at 
taching the hose to the mandrel. 
The header duct 34 is located preferably at a 

low level in the mandrel, however, to facilitate 
drainage of liquid by gravity from the upper to 
the lower reaches of the mold. The duct 34 is 
provided with a short high level section 36 ex 
tending inwardly from the opening 37, the section 
36 being connected to the low level section of the 
duct by a riser 35. 
The duct sections 35 and 36 are preferably 

drilled in the contour section 0 during fabrica 

20 

25 
tion of the latter. It will be understood that, if 
desired, the opening 37 may be located at a lower 
level in the mandrel with the header 34 extend 
ing directly inwardly therefrom. 

Referring now to Fig. 5; it will be seen that by 30 
applying suction to the fitting 8 air will be ex 
hausted from the container 5 through the man 
drel via the duct 34 and vent hose T. Any liquid 
which collects in the stringer grooves 30-3f will 
drain downwardly by gravity via ducts 32 and be 35 
drawn through ducts 33 into duct 34 and from 
the latter educted through vent hose 7. Ducts 
39 in the surface of the end wall 38 provide addi 
tional channels through which liquid may course 
by gravity from longitudinal stringer grooves 3 40 
to opening 37. The vent hose 7 where it enters 
the opening 37 may be provided with apertures 
into which such liquid is drawn and by which 
direct evacuation of the container may be ef 
fected. 
Thus it will be seen that through the provision 

of the internal draining and venting system, ac 
cumulation of moisture on the mandrel is mini 
nized, the rigidity and resistance to twisting, 

45 

2,892,707 
f3; gravity drainage ducts 32 and an internal 
low level header duct 34 having a high level sec 
tion 35 and vertical section. 36. 
The header duct 34 terminates in a high leve 

aperture 3 in send wall 38 but it will be ob 
served that the gravity drainage ducts 32 lead 
directly to the header duct 34, the latter being 
located in the lower reaches of the mandrel. 

It will be understood that the term lower 
reaches of the mandrel is a relative one since it 
depends on the position of the mandrel in the 
pressure vessel during molding. Obviously, how 
ever, a mandrel embodying a drainage system in 
accordance with this invention would be placed 
in the pressure vessel so that the drainage system 
would function in the manner intended. In such 
case, the terms upper and lower reaches are 
clearly descriptive and it is believed they will be 
clearly understood by those skilled in the art. 
The contour sections ?o are of multiple unit 

construction. Each section, as embodied, is as 
sembled from a number of segmental units 23 of 
identical contour, the stringer grooves 3 being 
routed in the mandrel preferably after assembly 
of the sections 0 into their final structural rela tionship, 
The units f23 are so fashioned that the grain 

of each will be substantially normal to its mold 
ing surface portion 24. Each section is also 
preferably angularly offset relative to its preced 
ing and/or succeeding section so that the seams 
Or juncture lines of successive sections are out of 
alignment with each other. 

Longitudinal stiffness and torsional rigidity is 
enhanced to the desired degree through the pro 
vision of the short dowels joining successive 
sections and successive groups of sections so as 
to provide a firmly integrated structure. It will 
be understood that the dowels f f have their 
grain running longitudinally of the mandrel, that 
is, parallel to the molding surface and at right 
angles to the grain of the successive sections 0. 

It will be apparent that with the mandrel 09, 
liquid which would otherwise tend to accumulate 
in the upper grooves f3 will drain therefrom 
through the gravity ducts 32 into the header 
duct 34. Suction applied to the duct f34 via the 
opening 37 will educt the fuid therefrom. Educ-, 
tion of fluid from the container in which the 

warping and swelling provided by the multiple 50 mandrel is located during molding will be facili 
unit construction will be preserved, the mandrel 
life is prolonged and evacuation of the container 
is facilitated. 

It is also apparent that in the event a leak 

tated by the drainage system in that by reason 
thereof, the escape of fluid from between the man 
drel and moldable material is made easier. 
The invention in its broader aspects is not lim 

occurs in the container 5, a readily condensible 55 ited to the specific mechanisms shown and de 
pressure fluid, such, for example, as steam which 
may condense on the molding Surface will drain 
by gravity through the duct system from the up 
per to the lower reaches of the mandrel and be 
educted through the hose f7 to the outside of 
vessel 9. In this way, there can be no accumula 
tion of liquid in the bottom of the container 5 
to be raised by the pressure medium to the top of 
the mandrel SO as to Wet stringers, such as the 
stringers 32, adapted to be contained within the 
grooves 30 and 3. 

Referring now to the embodiment of the inven 
tion shown in Figs. 7 and 8, there is depicted a 
wooden mandrel fo9 of generally cylindrical con 
tour such as would be employed in the fabrication 
of an internally reinforced hollow laminated cy 
lindrical molded structure such, for example, as 
a binnacle stand. 
As there embodied, the mandrel fo9 is provided 

with longitudinally extending stringer grooves 
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scribed but departures may be made therefrom 
within the scope of the accompanying claims 
Without departing from the principles of the in 
vention and without sacrificing its chief advan 
tages. 
What is claimed is: 
1. A mandrel comprising in combination a se 

ries of Wooden Contour sections in side-by-side 
relation, each said section comprising a plurality 
of solid integral wood units substantially radially 
arranged in side-by-side relationship, each unit 
having its wood grain extending substantially 
radially thereof and substantially normal to a 
Surface thereof forming a molding surface portion 
of the mandrel; an external wooden spar member 
uniting said sections; and, Wooden stiffeners inset 
in and uniting said contour sections, the wood 
grain of said spar member and said inset stiffeners 
running in the Same direction substantially par 
allel to the molding surface of Said mandrel and 



at substantially right angles to thè Wood grain 
of said contoursections. 

2. A wooden mandrel comprising a plurality of 
wooden contour sections arranged in side-by-side 
relation, each said section comprising a plurality 
of Solid integral wood units substantially radially 
arranged in side-by-side relationship, each said 
unit having its wood grain running substantially 
normal to a surface thereof forming a molding 
surface portion of the mandrel, the juncture lines 
between adjacent units of a section being argu 
larly offset relative to the juncture lines between 
adjacent units of an adjacent section; and, 
wooden stiffening members uniting Said sections 
to each other, each said member having its Wood 
grain running substantially at right angles to the 
wood grain of saidi unit. ??* 

3. In a fluid pressure molding apparatus for the 
fabrication of reinforced molded articles, the con 
bination with a pressure vessel and a pressure 
transmitting membrane of a Wooden mandrei in 
said vessel to the molding surface of which a 

5 
fluid molding pressure is adapted to be trans 
mitted through said membrane, said mandrel 
having grooves for the reception of reinforcing 
elements for said articles and comprising a plu 
rality of Wooden contour sections arranged in Side 
by-side relation, each section having its wood 

. grain running substantially normal to a surface 
thereof forming a molding surface portion of said 

0 
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mandrel, said mandrel having additionally a vent 
ing and drainage system for the eduction of fluid 
from said grooves and areas of the molding Sur 
face contiguous thereto, said system comprising 
gravity drainage ducts leading from Said grooves 
to a suction duct at a relatively low level in Said 
mandrel, said suction duct having a terminus in 
a non-molding surface of said mandrel, and con 
duit means coupled to said system at Said non 
molding surface for conducting fluid from said 
system through said membrane to the outside of 
Said. VeSSel. 

.WAMAAYLOR ?????? 


