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ABSTRACT: A compressor or fan blade is made up of layers
of high modulus fibers extending in parallel relation, and em-
bedded in a metallic matrix, the successive layers of fibers
varying in length and dimension so that, when stacked and
compacted together, the desired blade configuration will be
obtained. The blade may be made by a process including
stacking the layers of fibers which are secured to a metallic
supporting sheet, in the proper sequence, and then compact-
ing the assemblage in dics under pressure and high tempera-
ture to cause the material of the several backing sheets to fill
the voids among the fibers and form the matrix within which
the fibers are embedded.

Je

573

74

Sz

A

0

SRR



PATENTED AUS 1 71871 3,600,103
SHEET 1 OF 2

FlG. / 5. Z
b I ——— . m
Je ) J .
Z\_/__
l J
574 74
! ) f
Sz Sz

AN
o
Il A

SNVEN TS
Ve d 27 iR i
CHARCLES & G677 )
AT L AN E

&) /AAACA_
AT 7T ECAE Y

Z
&



3,600,103

PATENTED Aug 171571

SHEET 2 OF 2

G F

T3

//%/yy%%v |
PNNZZY \ ,\,,
¢ NEnneeeay/] ¢
¢ 'R

| ﬁ/; R
R e i
GO
L T

~re g

A 5




3,600,103

1

COMPOSITE BLADE
BACKGROUND OF THE INVENTION

With the advent of high thrust jet engines for use in aircraft, 3

the need for compressor and fan blades with a high modulus of
elasticity has become more apparent. The higher modulus
makes a stiffer blade thus reducing vibration problems, and
combined with lightness in weight permits a lighter supporting
structure thereby materially reducing engine weight.

SUMMARY OF THE INVENTION

One fedture of the invention is a composite blade made up
of several layers of high modulus fibers ail embedded in a
metallic matrix and with the several layers varying in plan so
that when stacked together and embedded in the matrix the
finished blade shape is produced. Another feature is a process
for producing such composite blades.

According to the invention, the blade is made up of a plu-
rality of layers of high modulus fibers each layer being en-
closed in a metallic matrix, with the several layers shaped in
plan so that when stacked and compressed in a die the com-
pacted stack will have the shape of the finished blade, the
layers will be in substantially parallel relation in the blade, and
they will all be bonded together in a metallic matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an end view of a finished blade in a portion of a

supporting disc.
"FIG. 2 is a side view of the blade.

FIG. 3 is an assemblage of sectional views along line 3a-3a,
3b-3b and 3¢-3¢ of FIG. 1.

FIG. 4 is a developed plan view of the blade showing the
configuration of several plies in the blade.

FiG. § is a sectional view through a die and associated
mechanism for producing the blade.

FIG. 6 is an enlarged sectional view through one of the plies
of fibers.

FIG. 7 is a diagrammatic view of the assemblage of plies in
forming the blade.

FIG. 8 is a fragmentary view of the end of a blade root show-
ing a modification. :

FIG. 9 is a view of the bottom of the blade root at FIG. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention is shown in a compressor or fan blade 2 for
use especially in jet engines, the blade being mounted by a
dovetail root portion 4 in a corresponding slot  in a support-
ing disc 8. The blade is a composite, being made up of “high
moculus fibers in a metallic matrix, with the matrix substan-
tially filling all the voids to form a void-free blade. The fibers
extend through the root attachment as will be described. The
blade has a platform 10 at its inner end that is inclined from
front to rear as shown in FIG. 2 and this platform defines the
inner wall of the air path over the airfoil portion of the blade.

As above stated the fibers are high modulus fibers 12, FIG.
6, one type of which is a boron fiber coated with silicon car-
bide, sometimes with a tungsten core, and these fibers are
secured to an aluminum alloy sheet 14 in closely and evenly
spaced parallel relation to one another. These fibers are
secured to the backing sheet 14 by a coating 16 applied to the
side of the fibers opposite to the backing sheet. This coating
may be applied as by plasma spraying an aluminum alloy onto
the fibers. The assemblage forms ribbons to be used in making
the blade.

The ribbon of fibers combined with the backing sheet and
coating is cut into shaped plies 18 which vary in length and
width as shown in FIG. 4 and these plies are stacked one above
another preferably with the smallest dimension of ply 20 cen-
trally of the bilade assembly so that the outermost ply 22,
which is the shape of the blade will form a continuous surface
over one side of the blade. Although these plies may be

15

20

30

35

40

45

50

55

60

65

70

75

2

stacked directly on one another from the centerline of the
blade, it is desirable to provide an aluminum core 24, which is
the shape of the blade, with the individual plies stacked on op-
posite sides of the core. This core is preferably relatively thin,
for example, 5 mils, and may be aluminum or the same alu-
minum alloy as the backing sheets for the plies.

The shapes of the several plies is so selected that when com-
pacted in the formation of the blade the resulting contour will
be the desired contour of the finished blade. Preferably also
the same number of plies are located on each side of the core
and on both sides the outer ply, when contoured to shape will
be that of the finished blade surface.

When the plies have been individually cut to shape they are
arranged in stacked relation, as shown in FIG. 9, each ply
being desirably tack welded to the surface underneath so that
each ply will remain in proper relation to the others during the
build up of the plies on both sides of the centerline of the
blade. As shown in FIG. 4, each ply projects beyond the airfoil
portion 26 of the blade assembly into the root portion 28 in
order to form a secure attachment for the blade in the sup-
porting disc. The formation of the dovetail portion is not a
part of the present invention; for the purpose of this invention
the assemblage of the plies in the root portion may have
dovetail and platform forming elements 30 positioned on op-
posite sides of the plies, as shown in FIG. 1. These slements
may be secured either during the forming of the blade in the
die or may be diffusion bonded or otherwise attached ‘sub-
sequently. :

In either event, the assemblage of the several 1 as in FIG. 7 s
is placed in a two-part die 32, FIG. § in which the assemblage
is compacted and unitized by heating. Although only a few
plies are shown in this figure, it will be understood that this is
shown by way of example, since these plies as formed are only
a few mils thick and normally a large number of plies must be
used in producing a blade of the desired thickness. The
number of plies and the shape of the several plies may well be
determined by computer after the compacted thickness of
each of the plies is known and the desired configuration of the
finished blade is established. The parts of the die 32, receive
between them the assembled stack of plies in a cavity 34 that
is the configuration of the finished blade, and heat and pres-
sure are applied to compact. the plies and to cause the alu-
minum alloy to flow to fill the voids. The die 30 may be placed
between pressure plates 34 and 36 slidable in a housing 38, the
latter.having heating means therein such as an induction coil
40. In the particular embodiment shown a pressure of about
3500 p.s.i. is applied to the dies and the temperature of the
dies is raised to a point about 25° below the melting point of
the aluminum alloy. At this temperature the alloy will flow
around the fibers and fill all the voids among the fibers. The
heating and pressing is preferably done in a high vacuum and
the pressure is preferably applied only when the desired tem-
perature is reached. With the particular alloy being used the
temperature is between 1020° and 1050°.

The temperature and pressure are maintained for about 1%
hours, after which the dies and blade are allowed to cool while
the pressure is maintained. During the pressing of the blade
into finished shape, excess aluminum alloy #2 escapes
between the die halves as shown in FIG. 5. The pressure rlates
34 and 36 46 of be limited in their movement toward one
another by suitable stops 44 one end of the housing 38.

The thickness of the aluminum backing sheet for the fibers
is selected so that in the finished blade the volume of fibers
will be about 50 percent so that the volumes of fibers and sur-
rounding matrix are about equal.

After the blade is cooled and is removed from the die, the
surplusage of aluminum at the edges of the blade are removed,
the tip of the blade is cut to shape and the root elements 30, if
not added earlier, are secured to opposite surfaces of the root
portion. In attachment of these elements it is desirable to form
the mating surfaces 44 and 46 of these elements with a com-
pound curvature for mere sscure retention of the blade within
these elements. Thus, as shown in FIG. 8 the root portion is
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curved longitudinally from end-to-end, and as shown in FIG. 9
the root portion is also cured laterally between opposite ends.
This may be accomplished during the pressing of the blade,
and shaping the mating surfaces of the elements 30 to fit this
compound curvature.

We claim:

1. A composite blade material for a compressor having a
plurality of layers of high modulus plies stacked on each side
of a thin sheet of aluminum alloy which is located centrally of
the blade, the plies comprising high modulus fibers selected
from the group consisting of boron and silicon carbide coated
boron fibers and a matrix material which is an aluminum atloy,
and the plies varying in width and length to provide a varying
blade thickness chordwise and lengthwise.

2. A blade according to claim 1 wherein the plies are
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stacked according to size to form an assemblage of layers
graduated in size, with the smaller plies central of the assem-
blage and the larger plies outer of the smaller plies, the cuter-
most ply being substantially continuous over the blade sur-
face.

3. A blade according to claim 1 having further a root por-
tion at one end of the blade and an airfoil port on, whzrein the
fibers and matrix form the complete airfoil portion and extend
into and form a projecting portion which is a part of the root
portion.

4. A blade according to claim 1 wherein the fiber con-
stitutes substantially 50 percent of the volume of the finished
blade.
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