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15. Claims. (Cl. 60-35.6) 
1. 

This invention relates to vanes for assisting in 
the guidance and control of jet propelled ve 
hicles such as rockets during launching and 
the initial part of their flight. 
These vanes are operatively positioned either 

partially within or just outside of the divergent 
section of the exhaust nozzle and within the path 
of the jet stream. As a result, vane efficiency has 
been somewhat low because of the character of 
erosion to which the leading edges of the vanes 
have been subjected. 
Accordingly, it is an object of this invention to 

provide a vane which maintains a sharp leading 
edge. 
It is a further object of this invention to pro 

vide a vane of sandwich construction for the purposes of the invention. 
It is a further object of this invention to pro 

vide a vane composed of materials having dif 
ferent erosion characteristics under the action of jet stream gases. it is yet another object of this invention to 
prov vanes which function efficiently during 
their operative life and which-in order to re duce aerodynamic drag-are either entirely const 
sumed or become automatically detached when 
they have served their purpose. 
Other objects of invention will become ap 

parent Iron . .''...' . . . . . . . . 8 i. s. 

connection with the accompanying drawings, 
in which . . " 

Figs. 1 and 2 are side elevational views, partly 
in section, of typical vanes used prior to this in 
vention, showing their condition before and after 
being subjected to the erosive effects of hot ex 
haust gases. 

Figs. 3 and 4 are views similar to Figs. 1 and 2, 
respectively, illustrating an embodiment of the 
invention and showing, in Fig. 4, the contour 
which the leading edge maintains under condi 
tions of hot gas erosion; 

Fig. 5 is a cross-sectional view of a modified 
form of the invention; 

Fig. 6 is a sectional view of still another modi 
fied form of construction; 

Fig. 7 is a side elevational view of yet another 
modified form of the invention; - . . Fig. 8 is a plan view of the arrangement shown 
in Fig. 7; . . . . . . . 

Fig. 9 is yet another modified type of construc 
tion and particularly an insert and retaining 
means therefor; Fig. 10 is a plan view of yet another modified 
type of construction showing a pair of Superim 
posed plates overlying the upper and lower sur 
faces of the main body of the vane. 

from the following description taken in 
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2 
Fig. 11 is a sectional view along line t i-fi 

of Fig. 10 and additionally showing vane holding 
means. . " " ' " Fig. 12 is a partial perspective view showing 
the arrangement of the vanes with respect to 
the rocket motor. . . . . . . . . . - 

Referring to the drawings, there is shown in 
Fig. 1 a conventional vane (, prior to being sub 
jected to the blast of hot gases emanating from 
the rocket motor. It may be noted that vane is provided with a relatively sharp leading edge 
2. In Fig.2 the vane is shown after having been 
subjected to the erosive effect of hot exhaust gases, the sharp leading edge 2 having been 
eroded away with the result that it has become 
blunt or rounded as at 3. . . . . - 
In Fig. 3 there is illustrated a vane 4 construct 

ed in accordance with the invention, comprising 
an inner sheet 5 of relatively stiff material and 
an outer covering 6 shaped in the form of a 
vane. Inner sheet 5 is of material which has a 
higher tensile strength than the material of 
covering 6. In the preferred embodiment of the 
invention sheet 5 and covering 6 are formed of molybdenum and copper, respectively. Molyb 
denum has greater resistance to erosion, or tend 
ency to combine chemically with the exhaust 
products of the combustion of the rocket motor, 
than the copper material. Accordingly, when 
subjected to the exhaust gases, the copper erodes 
as shown in Fig. 4, leaving a sharp leading edge 
7 of the relatively thin central material, and a 
pair of streamline surfaces 8 which provide the vane with a sharp edge effect. In this particular 
construction the copper, having high conduc 
tivity characteristics, tends to convey the heat away from the molybdenum with the result that, 
in effect, a controlled burning of the leading edge 
is obtained. By reason of the construction shown in Figs. 
3 and 4, there obtains greater control efficiency 

n the modified form of the invention illus 
trated in Fig. 5there is shown a vane 9 of sand 
wich construction, composed of a series of 
laminas. Thus, the vane may be composed of an 
iner sheet. 9 of molybdenum, steel, or the like, 
and successive layers ?t, 2, 3, and 14, of copper, 
chromium, molybdenum, and copper, respective 
ly. It is to be understood, of course, that dif 
ferent materials may be used in different arrange 
ments, according to results desired.   
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In the embodiment of the invention illustrated 
in Fig. 6 the vane 5 is composed of a molybdenum 
Sheet 6 and a copper portion , similar to that 
in Fig. 3, but with the addition of a leading edge 
portion 8 of sheet 6 which is provided with a 
nose portion of increased sectional thickness, as 
illustrated. This arrangement increases the ini 
tial life of the vane and particularly during the 
launching operation in view of the higher melt 
ing point of the molybdenum nose section 8, as 
contrasted with the more readily consumable 
COpper. 
8 tending to become rounded, as in the arrange 
ment shown in Fig. 2, it will, upon consumption, 
result in an arrangement similar to that in Fig. 
4. This embodiment of the invention may be 

However, instead of the nose section 

0 

5 

chrone plated, if desired, as at 27. A coating 28 
of ceramic material also may be provided. 
The form of invention illustrated in Figs. 7 and 

8 provides a vane 9 having an insert 20 of 
molybdenum, or the like, fastened to copper por 
tions 2 by means of rivets 22 which may also be 
of copper. The molybdenum in this modifica 

20 

4. 
tached to the movable control surfaces so as to 
be utilized in conjunction with exhaust gases 
from the motor 30 for that purpose. Obviously, 
it is desirable that Vanes 9 become detached as 
quickly as possible when they have served their 
function. . . . . . 

It is to be understood that different materials 
Could be used than those described and illustrated 
herein. Although the central material has been 
generally described as molybdenum and the outer 
material as copper, it has been found that the 
central material does not necessarily have to 
have a higher melting point than the outer ma 
terial. Neither is the construction limited to 
the combination of the materials shown. The 
central material may be of appropriate size, 
Shape, and configurations, according to the re 
Sults desired. Further, the central material may 
extend for any predetermined portion of the 
length of the vane and may have any predeter 
mined configuration, depending upon the results 
desired. Thus, a Vane is obtained which main 
tains its aerodynamic characteristics until the 

tion of the invention may take the form of an 
insert extending only partially along the length 
of the vane to the line 23, as shown in Fig. 8. 
The leading edge of the nose section may be 

cut at an angle rearwardly, as shown at 24. In 
this form of the invention the molybdenum and 
copper are consumed back to line 23 until rivets 
22 give way and are no longer effective to hold 
the molybdenum insert to the body of the vane, 
whereupon the unconsumed portion of the in 
Sert becomes detached, exposing the remaining 
body of the vane to the hot exhaust gases. By 
this time the rocket is already launched and in 
the initial period of its flight, whereupon the 
vanes are no longer needed and, to obtain reduced 
drag, rapid consumption of the same is desired. 
Release of the insert and exposure of the re 
mainder of the vane to the exhaust gases facili 
tates such rapid consumption. - 
The form of invention illustrated in Fig. 9 is 

similar to that in Fig. 8 except that the rivets or 
retaining pins 22 are located in the tongue por 
tion of the vane rather... than being exposed di 
rectly to the hot gases as in the arrangement il 
lustrated in Fig. 8. 
In Figs. 10 and 11 there is illustrated still an 

other arrangement of a molybdenum insert 29, of 
copper side walls 2 and rivet or pin holding 
means 22, together with a tongue arrangement 25 
adapted to engage a suitable groove in the holder 
26 in the rocket motor. 
The vanes are adapted to be held in operative 

position with respect to the rocket motor by 
means of tongue 25 adapted to fit in a suitable 
groove 29 in holder 26 which, in turn, is posi 
tioned on motor 3) of rocket 3 as illustrated in 
Fig. 17. 
The rocket is provided with fixed horizontal 

and vertical control Surfaces, 32 and 33 respec 
tively, and movable horizontal and vertical con 
trol surfaces, 34 and 35 respectively. The mov 
able control surfaces are interconnected with 
other mechanism, such as gyros or the like, for 
guiding the rocket. Functioning of the guiding 
mechanism depends upon the aerodynamic effect 
obtained on the movable control surfaces by paS 
sage of the rocket through a fluid medium. Dur 
ing takeoff and a small portion of the initial 
fight there is insufficient aerodynamic effect on 
Such surfaces to control the rocket as desired. 
Accordingly, the vanes 9 are interconnected, 
through holder 26, with a common shaft 36 at 

25 

30 

35 

portion thereof having an effect upon the guid 
ance of the rocket is consumed, at which time 
that which remains, if any, becomes automatical 
ly detached. In the various laminated types of 
construction, different materials may be selected, 
depending upon their rates of consumption, 
which will give the desired contour of the vane 
during consumption and predetermined guide 
characteristics. 
The physical and chemical properties of the 

materials used in the fabrication of jet vanes 
of the Sandwich construction type are of such a 
nature that the rate of consumption of the core 
is slower than that of the outer layers. The 
relative rates of consumption are such as to al 

40 
low the maintaining of a leading edge of efficient 
aerodynamic configuration for a predetermined 
length of time, depending upon the amount of 
guidance desired. Variations in temperature, 
time, and jet stream characteristics permit the 

45 
obtaining of these desirable features with dif 
ferent types and combinations of materials. For 
instance, the core may be composed of molybde 
num, tungsten, or chronium, or alloys or metal 
lic carbides or oxides thereof, whereas the outer 
layers may comprise copper, aluminum, silver, 

50 or alloys thereof, or wood, laminated phenolics, 
resin impregnated glass, graphite, or metallic 
carbides or oxides. Also, one or more of these 
materials may be coated with a suitable mate 
rial such as chromium or the like for the purpose 

55 
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of better controlling its rate of consumption. 
Although the invention has been described and 

illustrated in detail, it is to be clearly understood 
that the same is by way of illustration and ex 
ample only and is not to be taken by way of 
limitation, the spirit and scope of this inven 
tion being limited only by the terms of the ap 
pended claims. 
We claim: - - - - - - - - - - - - 

1. A vane adapted for use in guidance and con 
trol of a jet motor propelled vehicle during 
launching and initial flight and associated with 
such motor in such a manner as to be eventually 
consumed by the hot gases thereof, comprising a 
vane formed of a plurality of sheets of different 
material, one of which is centrally disposed, said 
materials differing in thermal conductivity and 
melting point and having differing reaction rates 
With Said hot gases, and said sheets being super 
imposed with those of higher conductivity and 
lower melting point covering those with lower 
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conductivity and higher melting point whereby 
as said vane is consumed progressively from 
leading edge to trailing edge by action of Said 
hot gases its aerodynamic effectiveneSS as a Wane 
is preserved throughout a major portion of its 
life. 

2. A vane as recited in claim 1 in which the 
outer of the plurality of sheets are streamlined 
in contour and in which said sheets are arranged 
over said centrally disposed sheet in order of 
decreasing resistance to destruction by said gases 
to thereby maintain a streamlined shape 
throughout a major portion of the life of the 
Wae, 

3. A vane as recited in claim 1 in which the . 
centrally disposed sheet is molybdenum and the 
other sheets are copper to thereby provide the 
vane with a sharp leading edge throughout its 
life. 

4. A vane as recited in claim 1 in which said 
centrally disposed sheet is attached to the other 
sheets by predeterminately spaced consumable 
fastening means to thereby provide for jettison 
ing of said vane when the usefulness thereof 
has ended. 

5. A vane as recited in claim 1 in which said 
centrally disposed sheet is molybdenum and said 
other sheets are copper, all Of Said sheets being 
fastened together by copper rivets So Spaced as 
to be consumed when the launching and initial 
fight period is complete. 

6. A vane as recited in claim 1 in which the 
leading edge of the nose section of the vane is 
placed at an acute angle with respect to the 
longitudinal direction of the vane. 

7. A vane for use in the exhaust strean of a 
rocket motor comprising a composite stream 
lined member composed of a sheet of material 
centrally positioned between layers of other ma 
terial, said atter material being of higher ther 
mal conductivity, and lower melting point than 
said centrally positioned material and having 
faster reaction rates than said centrally posi 
tioned material with the gases in said exhaust 
stream. 

8. A device as recited in claim 7 in which Said 
centrally positioned sheet is of higher tensile 
strength than said other material. 

9. A vane adapted for use with jet propelled 
vehicles to assist in guiding the same by use of 
exhaust gases thereupon and so associated there 
with as to be consumed by said hot gases, com 
prising a vane formed of a plurality of sheets 
of materials the outer of said sheets being com 
posed of materials having higher conductivity 
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and lower melting point than the materials com 
posing the innermost said sheets. 

10. A composite streamlined jet Vane for use 
With a rocket motor comprising a central sheet 
of high melting point material and a plurality 
of sheets of alternately low and high melting 
point materials symmetrically arranged with re 
Spect to Such central sheet. 

i1. A vane as recited in claim 10 in which said 
central sheet is molybdenum and successive pairs 
of sheets are composed of copper, chrome plate, 
copper, and steel, respectively. 

12. A vane adapted for use with jet propelled 
vehicles to guide the same and eventually be 
consumed by the hot exhaust gases thereof, com 
prising a member formed of a plurality of sheets 
of material one of which is centrally disposed 
and COImpOSedi Of structural material, and the 
others of which are of a nonstructural material 
Which is leSS resistive than said structural ma 
terial to the action of said exhaust gases and 
has higher heat conductivity than said centrally 
disposed sheet. 

13. A vane as recited in claim 12 in which the 
other sheets of material are less resistive to the 
action of the gases thereby to provide a sharp 
leading edge for the vane during its life. 

14. A vane as recited in claim 12 in which said 
centrally disposed sheet comprises molybdenum 
coated with a ceramic material. 

15. A jet vane for use in controlling the flight 
of a jet propelled vehicle comprising a stream 
lined plate formed of a plurality of layers of 
material having differing resistances to the 
effects of hot gases from said vehicle, said layers 
being arranged with the less resistant layers on 
the Surfaces of said plate whereby as said plate 
is consumed by Said hot gases a streamlined 
shape is maintained. 

MANUEL C. SANZ. 
JAMES CASTELFRANCO. 
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