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This invention relates to airfoil elements in general, and 
in particular to a rotor blade of the type used in lift and 
sustension of helicopters and the like aircraft, although 
it is not limited to such use. 
The rotors in actual use may be characterized in four 

main classes, as follows: 
(a) Laminated wood built around a metal spar. 
(b) Small, wing-type ribs, spaced closely around a metal 

spar, and covered with fabric or aluminum sheet. 
(c) Aluminum or fabric covering over shaped wood, 

cellular plastic or honey-comb filler, built around a 
metal spar. 

(d) Some arrangement of extruded aluminum sections 
which may or may not have the spar as an integral 
part. 

All of these types involve slow and laborious processes 
in the making, demand a high degree of craftsmanship, 
and entail high cost in the finished product. 

It is therefore a principal object of the present inven 
tion to simplify the manufacture and reduce the cost of 
rotor blades. Another object is to achieve a proper air 
foil section without the need for hand-finishing operations. 
A still further object is to provide a balanced blade with 
out resort to protruding, external weight additions. Other 
objects include easy reproducibility of blades having 
proper balance and section, and the attainment of high 
strength and flexibility with low weight. 
These and other objects are attained by the present in 

vention, which may be briefly described as a blade built 
up along its length from a series of plastic units of air 
foil section arranged in side-by-side, relation, each unit 
consisting of an upper shell and a lower shell with stiffen 
ing, internal ribs, and secured on a plastic-filled, multi 
tubular spar running the length of the blade. 

For a more detailed description of the invention, ref 
erence is made to the following specification, as illus 
trated in the drawing, in which: 
FIGURE 1 is a top view of a rotor, foreshortened by 

removal of an intermeditae portion, 
FIGURE 2 is an enlarged sectional view taken on the 

line 2-2 of FIGURE 1, 
FIGURE 3 is an internal view of one of the halves of 

the airfoil shell, as seen along the line 3-3 of FIGURE 
2, with the spar tubes removed, 
FIGURE 4 is an enlarged, sectional view taken on the 

line 4-4 of FIGURE 1, 
FIGURE 5 is an enlarged, sectional view taken on the 

line 5-5 of FIGURE 1, 
FIGURE 6 is an enlarged, sectional view taken on the 

line 6-6 of FIGURE 1, 
FIGURE 7 is an enlarged, sectional view taken on 

the line 7-7 of FIGURE 1, 
FIGURE 8 is a sectional view taken on the line 8-8 

of FIGURE 7, showing the spar element of FIGURE 1 
without the surrounding, airfoil shell, and 
FIGURE 9 is an axial section of a spar tube, showing 

an operation of filling the tube with plastic-impregnated 
reinforcing filaments. 

Referring to the drawings by characters of reference, 
there is shown a rotor blade built around a spar, indi 
cated generally by the numeral , which constitutes the 
"backbone' of the blade, and as such chiefly provides 
the mechanical strength of the system, as against bending 
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2 
stresses for instance. In one feature of novelty of the in 
vention, later to be discussed, the spar is constituted by 
a series of tangentially united, tubular elements. In the 
embodiment shown, these are three in number, with a 
central tube 2, flanked on opposite sides by a pair of 
outer tubes 3 and 4. The middle tube 2 should be cen 
tered on the pitch axis of the blade. This tube which is 
also preferably located at or near the point of maximum 
thickness of the airfoil is of a diameter to take full ad 
vantage of the available space within the airfoil, and con 
Sequently the outer tubes 3, 4 are of a lesser diameter 
than tube 2 due to convergence of the airfoil walls or 
shells. 
The airfoil shell, which is carried by the spar, as a cov 

ering mantle, is made up of a series of identical sections, 
each of which is indicated by the numeral 6 in FIGURE 
1, and which is shown in detail in FIGURES 2 to 6. 
Thus, in FIGURE 2, it is seen that the airfoil is made 
up by a pair of identical, molded plastic shell halves hav 
ing a skin 8 of airfoil contour, and a series of internal, 
stiffening ribs 10 and 12. Defining the central plane 
of the complete airfoil, each shell half has a forward 
flat region 4, a rearward flat region 16 and two pairs 
of transverse bosses 18 and 19 lying on respective sides 
of the spar i. Ribs 10 and 12 have a generally similar 
profile throughout most of their lengths, but as seen in 
FIGURE 2, the ribs 12 have an extra, inward sweep in 
the neighborhood of the bosses to give added bracing 
thereto. The bosses 8 are also braced in the longitudinal 
direction of the rotor blade by ribs 20. In the region 
forward of the bosses 18, the ribs 10 and 12 are pro 
vided with suitable, arcuate recesses 21 to snugly receive 
the spar tubes 2, 3 and 4. As shown, the tubes are 
welded together, but the system may be fabricated in 
other ways, as by extruding in the form of a three-part 
tube, or by pressure deformation from a single, large tube. 
Preferably, the spar will consist of high strength alumi 
num or other light metal of suitable strength. 
For quick, accurate and durable assembly, the airfoil 

units 6 are provided with integral dowelling elements 
alternately arranged so that the shell half may be used 
on either side of the airfoil. Thus, in FIGURE 3, the 
flat region of join, 14, has alternately occurring pins 22 
and recesses 24. It will be seen that when a shell half 
is grought into mating relationship with another identi 
cal half, being thus turned through a 180° angle, the 
pins of one will engage in the recesses of the other. 
Similarly, in the region of join, 16, at the trailing edge 
of the airfoil, alternately arranged holes 26 and pins 28 
are provided. 
With the shell halves accurately spotted by the mating 

pins and holes to produce the complete airfoil, the assem 
bly of the unit is secured by means of four screws 30 co 
operating with axial bores in the bosses 18, 19. As seen 
in FIGURES 1 and 2, the arrangement is such that two 
of the screws are applied from each side of the airfoil, 
and the screw heads on each side are diagonally disposed. 
Thus, each shell unit (FIGURE 3) will have threaded 
bores in the lower left hand boss and in the upper right 
hand boss, the other two bosses having bores sufficient 
to pass the screw shank. The outer side of the shell is 
provided with Suitable countersinks for the screw heads. 
This arrangement of screws is not only consonant with 
the principle of using identical half-sections throughout, 
but also maintains proper balance on both sides of the air 
foil and throughout its length. 

In order to provide a smooth, unbroken expanse of 
airfoil surface, the internal edges of the shell segments are 
arranged for overlapping engagement. As seen in FIG 
URES 3 and 4, the extreme leftward rib 10 is located 
slightly inwardly of the edge of the shell to provide a 
marginal strip 32 wherein the thickness of the skin 8 is 
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reduced by one-half. Correspondingly, the shell extends 
slightly beyond the extreme rightward rib 10 to provide 
a marginal strip 34 which is rabbeted from the outer 
surface of the airfoil to a depth of half the thickness of 
the shell whereby to overlap the marginal strip 32 of an 
adjacent section 6 to provide a neat joint. The lap joint 
may be secured by a suitable cement or by application of 
a solvent. The use of butt joints is also contemplated. 
The outer end of the rotor blade may be closed by a 

suitable cap 36, of material similar to that of the shell 
segments, which can be further utilized to hold the airfoil 
sections in place by welding or bolting, and/or chemically 
bonding the cap to the spar, as well as to the outermost 
shell segment. 
Any suitable means may be employed for attaching the 

blade to a rotor hub. For purposes of general illustra 
tion, the drawing shows a pair of aluminum sections 36 
shaped to receive the spar and clamped thereon by 
means of screws 38. This constitutes a block providing 
sufficient body for any conventional coupling or attach 
ing means. 

In an important feature of the invention, the hollow 
tubes of the spar are loaded with a filler to provide 
strength without undue weight, and in a preferred embodi 
ment, resin-impregnated fiberglass filaments are introduced 
into the tubes and cured in place. As seen in FIGURE 
9, the loading of a tube is conveniently accomplished by 
drawing a looped skein of fibers 40, or roving as it is 
called, by means of a steel wire 42 engaged in the loop. 
The loading operation is facilitated by means of a funnel 
44 received on the charging end of the tube. The fibers 
enter under high compression across the diametral direc 
tion and provide a closely packed mass which is subjected 
to cure, when in place. 
As seen in FIGURES 1 and 8, the extent of loading of 

the fiberglass filler is different in the respective tubes. 
Only tube 3, the one nearest the leading edge of the air 
foil needs to be reinforced throughout its entire length. 
At the root end of the blade, near the rotor hub, where 
the greatest strength is needed, all of the tubes are rein 
forced, but in the middle tube 2, the filling stops consider 
ably short of that in the forward tube, as at 48, and in 
the rearmost tube the terminus 50 of the filler is still 
closer to the rotor hub. Not only does this arrangement 
provide the required strength with minimum weight, but 
also enables a fine adjustment of rotor blade balance 
without the objectionable use of protruding auxiliary 
weights as practiced in the prior art. 

For the material of the airfoil shell sections it is pre 
ferred to use plastic of very tough but high impact mate 
rial, such as polyamides, acetal, or polycarbonates, and the 
impregnating material for the glass fibers will preferably 
comprise a polyester or epoxy. 

In the use of the invention for rotor blades, there is 
a distinct advantage in that a single form of mold cavity 
is adequate. This is so because rotor blades are com 
monly symmetrical, with the same curvature on the top 
as on the bottom, due to the need for maintaining the 
center of pressure at a given point during constant changes 
in the angle of attack. However, even if a non-sym 
metrical blade is contemplated, only two mold forms 
will be required. 
The advantages of the invention may be summarized as 

follows: 

(1) The molded plastic shells, establish, ab initio, the 
proper curvature for the airfoil section. 

(2) The parts are molded to fit correctly together, so that 
no hand finishing is required. This makes for simple 
and economical assembly. 

(3) Since all parts are molded in the same cavity they 
will all be very closely the same weight, and there will 
be no balance problem in matched blades. 

(4) Impregnated, fiberglass reinforced spar gives high 
strength and flexibility with low weight. 
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4. 
(5) In a spar with separate, tubular sections, chordwise 
balance can be adjusted by the extent of filling in the 
respective tubes, thus obviating the use of external 
weights, which impair rotor efficiency. 
While certain preferred embodiments have been shown 

and described, these are not intended as limiting since 
various changes, modifications and substitution of equival 
ents, for instance, will suggest themselves to those skilled 
in the art, in the light of this disclosure, and the invention 
should not, therefore be deemed as limited except insofar 
as shall appear from the spirit and scope of the appended 
claims. 

claim: 
1. An airfoil comprising a multi-tubular reinforcing spar 

having a central tube and at least one tube on each side 
of said central tube of lesser diameter than said central 
tube, a filler of cured, resin-impregnated fiberglass in said 
tubes extending from a common end of said tubes and 
terminating at progressively increasing distances in suc 
cessive tubes, and a covering shell of symmetrical airfoil 
form enclosing said spar, said shell comprising identical 
sections of molded plastic arranged in side-by-side relation 
along the length of said spar, each said section compris 
ing identical halves, each half comprising a wall of air 
foil form, said wall having flat regions on the axis of 
symmetry of the complete airfoil, at the leading edge, 
at the trailing edge and at points intermediate the said 
edges, dowel means in the said flat regions at said edges, 
said regions at said intermediate points lying on opposite 
sides of said spar and having threaded bores for fastening 
screws, ribs on the inner side of said wall extending from 
trailing edge to leading edge, and having recesses accom 
modating said spar, the respective, lateral edges of said 
wall being rabbeted from the front and rear, respectively, 
of said wall whereby to provide lap joints between adjacent 
halves along each side of said airfoil. 

2. An airfoil comprising a multi-tubular reinforcing 
spar having a central tube and at least one tube on each 
side of said central tube of lesser diameter than said cen 
tral tube, a filler of cured, resin-impregnated fiberglass in 
said tubes extending from a common end of said tubes and 
terminating at progressively increasing distances in suc 
cessive tubes, and a covering shell of symmetrical airfoil 
form enclosing said spar, said shell comprising identical 
Sections of molded plastic arranged in side-by-side rela 
tion along the length of said spar, each said section com 
prising identical halves, each half comprising a wall of 
airfoil form, said wall having flat regions on the axis of 
Symmetry of the complete airfoil at the leading edge, at 
the trailing edge, and at points intermediate the said edges, 
Said regions at said intermediate points lying on opposite 
sides of said spar and having threaded bores for fasten 
ing screws, ribs on the inner side of said wall extending 
from trailing edge to leading edge and having recesses ac 
commodating said spar, the respective, lateral edges of 
Said Wall being rabbeted from the front and rear, respec 
tively, of said wall whereby to provide lap joints between 
adjacent halves along each side of said airfoil. 

3. An airfoil comprising a multi-tubular reinforcing 
spar having a central tube and at least one tube on each 
side of said central tube of lesser diameter than said 
central tube, a filler of cured, resin-impregnated fiber 
glass in said tubes extending from a common end of said 
tubes and terminating at progressively increasing distances 
in Successive tubes, and a covering shell of symmetrical 
airfoil form enclosing said spar, said shell comprising 
identical Sections of molded plastic arranged in side-by 
side relation along the length of said spar, each said sec 
tion comprising identical halves, secured together, each 
half comprising a wall of airfoil form, said wall having 
flat regions on the axis of symmetry of the complete air 
foil at the leading edge and at the trailing edge, and ribs 
extending between said edges and having recesses receiv 
ing said spar, the respective, lateral edges of said wall 
being rabbeted from the front and rear, respectively, of 
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said wall whereby to provide lap joints between adjacent 
halves along each side of said airfoil. 

4. An airfoil comprising a multi-tubular reinforcing 
spar having a central tube and at least one tube on each 
side of said central tube of lesser diameter than said cen 
tral tube, a filler of cured, resin-impregnated fiberglass in 
Said tubes extending from a common end of said tubes and 
terminating at progressively increasing distances in suc 
cessive tubes, and a covering shell of symmetrical airfoil 
form enclosing said spar, said shell comprising identical 
sections of molded plastic arranged in side-by-side rela 
tion along the length of said spar, each said section com 
prising identical halves secured together, each half com 
prising a wall of airfoil form, ribs on the interior of said 
wall extending from the trailing edge to the leading edge 
and having recesses receiving said spar, the respective, 
lateral edges of said wall being rabbeted from the front 
and rear, respectively, of said wall whereby to provide lap 
joints between adjacent halves along each side of said 
airfoil. 

5. An airfoil comprising a multi-tubular reinforcing 
spar having a central tube and at least one tube on at 
least one side of said central tube of lesser diameter than 
Said central tube, a filler of cured, resin-impregnated 
fiberglass in said tubes extending from a common end of 
said tubes and terminating at progressively increasing 
distances in successive tubes, and a covering shell of sym 
metrical airfoil form enclosing said spar, said shell com 
prising identical Sections of molded plastic arranged in 
side-by-side relation along the length of said spar, with 
overlapping edges, each said section comprising identical 
halves secured together, each half comprising a wall of 
airfoil form, and ribs on the interior of said wall ex 
tending from the trailing edges to the leading edge and 
having recesses receiving said spar. 

6. An airfoil comprising a multi-tubular reinforcing 
spar having a central tube and at least one tube on at 
least one side of said central tube of lesser diameter than 
said central tube, a filler of cured, resin-impregnated 
fiberglass in said tubes extending from a common end 
of Said tubes and terminating at progressively increasing 
distances in successive tubes, and a covering shell of 
Symmetrical airfoil form enclosing said spar, said shell 
comprising identical sections of molded plastic arranged in 
side-by-side relation along the length of said spar, each 
Said section comprising identical halves secured together, 
each half comprising a wall of airfoil form, and ribs on 
the interior of said wall extending from the trailing edge 
to the leading edge and having recesses receiving said 
Spar. 

7. An airfoil comprising a multi-tubular reinforcing 
Spar having a central tube and at least one tube on at 
least one side of said central tube of lesser diameter than 
said central tube, a filler of plastic material in said tubes 
extending from a common end of said tubes and termi 
nating at progressively increasing distances in successive 
tubes, and a covering shell of symmetrical airfoil form 
enclosing said spar, said shell comprising identical sec 
tions of molded plastic arranged in side-by-side relation 
along the length of said spar, each said section compris 
ing identical halves secured together, each half compris 
ing a wall of airfoil form, and ribs on the interior of said 
wall extending from the trailing edge to the leading edge. 

8. An airfoil comprising a multi-tubular reinforcing 
Spar having a central tube and at least one tube on at 
least one side of said central tube of lesser diameter than 
said central tube, a filler of plastic material in said tubes 
extending from a common end of said tubes and termi 
nating at progressively increasing distances in successive 
tubes, and a covering shell of symmetrical airfoil form 
enclosing said spar, said shell comprising identical sec 
tions arranged in side-by-side relation along the length 
of said spar, each said section comprising identical halves 
Secured together, each half comprising a wall of airfoil 
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6 
form, and ribs on the interior of said wall transverse to 
said spar. 

9. An airfoil comprising a reinforcing spar having a 
plurality of longitudinal passages, a filler of plastic ima 
terial in said passages extending from a common end of 
said passages and terminating at progressively increas 
ing distances in successive passages, and a covering shell 
of symmetrical airfoil form enclosing said spar, said shell 
comprising identical sections arranged in side-by-side re 
lation along the length of said spar, each said section com 
prising identical halves secured together, each half com 
prising a wall of airfoil form, and ribs on the interior of 
said wall transverse to said spar. 

10. An airfoil comprising a reinforcing spar having a 
plurality of longitudinal passages, a filler of plastic ma 
terial in said passages, extending from one end of said 
spar and terminating at progressively increasing distances 
in Successive passages, and a covering shell of symmetri 
cal airfoil form enclosing said spar, said shell compris 
ing identical sections arranged in side-by-side relation 
along the length of said spar, each said section compris 
ing identical halves secured together, each half compris 
ing a wall of airfoil form. 

11. An airfoil comprising a reinforcing spar having a 
plurality of longitudinal passages, a filler of plastic ma 
terial in said passages, extending from one end of said 
Spar and terminating at progressively increasing distances 
in Successive passages, and a covering shell of airfoil 
form enclosing said spar, said shell comprising identical 
Sections arranged in side-by-side relation along the length 
of Said spar, each said section comprising an upper and 
lower airfoil wall secured together. 

12. An airfoil comprising a reinforcing spar having a 
plurality of longitudinal passages, a filler of plastic ma 
terial in varying amounts contained in the respective 
passages, and a covering shell of airfoil form enclosing 
said spar, said shell comprising identical sections ar 
ranged in side-by-side relation along the length of said 
Spar, each said section comprising an upper and lower 
airfoil wall secured together. 

13. An airfoil comprising a reinforcing spar having a 
plurality of longitudinal passages, a filler of plastic ma 
terial contained in said passages, and a covering shell of 
airfoil form enclosing said spar, said shell comprising 
identical sections arranged in side-by-side relation along 
the length of said spar, each said section comprising an 
upper and lower airfoil wall secured together. 

14. An airfoil comprising a hollow, reinforcing spar, 
a plastic filler of cured, fiberglass roving contained in 
Said Spar, and a covering mantle of complete airfoil form 
enclosing said spar, said mantle constituting substantially 
the total structure of said airfoil, other than said Spar, 
and comprising identical sections arranged in side-by 
side relation along the length of said spar, each said sec 
tion comprising identical upper and lower airfoil shells 
Secured together, and extending from the leading edge 
to the trailing edge of the airfoil. 

15. An airfoil comprising a hollow, reinforcing spar, 
a solid plastic filler contained in said spar, and a cover. 
ing mantle of complete airfoil form enclosing said spar, 
Said mantle constituting substantially the total structure 
of said airfoil, other than said spar, and comprising iden 
tical Sections arranged in side-by-side relation along the 
length of said spar, each said section comprising iden 
tical upper and lower airfoil shells secured together, and 
extending from the leading edge to the trailing edge of 
the airfoil. 

16. For use in an airfoil, a reinforcing spar comprising 
a series of tubular members tangentially attached to 
gether, and a filler of solid plastic material in said tubes 
and extending from one end of said spar to distances 
which increase progressively in successive spars. 

17. For use in an airfoil, a reinforcing spar comprising 
a Series of tubular members tangentially attached together, 
and a filler of solid plastic material extending from one 
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end of said spar and terminating at distances which differ 
in at least two of said tubes. 
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