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The present invention relates to an attaching and 
coupling means and more particularly to a method and 
means for securing a relatively thin shelled member to 
a second member. 

Attaching problems arise whenever relatively thin 
Walled members are to be joined to another member, 
especially when the first member is of brittle material 
and the structural loads encountered are of considerable 
magnitude. Such conditions are present in certain mis 
sile designs where ceramic material is used in airframe 
primary Structures because of the favorable character 
istics of such materials in a high temperature environ 
ment. It is apparent that this use of ceramic material 
will create a special requirement for satisfactory ceramic 
to-metal and ceramic-to-ceramic attachments. Because of 
the relatively low tensile strength of ceramics as com 
pared to steel, and because of its complete lack of duc 
tility, it is not feasible to utilize conventional attaching 
methods. The attachment must not only withstand the 
structural loads over wide temperature ranges, but also 
must perform satisfactorily through high heating rates, 
since under these conditions, the thermal stresses result 
ing from differential expansion and temperature gradients 
will add to the ordinary structural loads. The satisfac 
tory attachment must also maintain the assembly in 
coupled relationship with a high degree of stiffness. In 
missiles having a high fineness ratio, that is, a high length 
to diameter ratio, it is extremely desirable to maintain 
overall stiffness in order that the natural frequency of 
the missile structure be high. Structural advantages as 
well as operational advantages accrue from a high natural 
frequency in a missile structure. Other obvious require 
ments of a satisfactory attachment are low weight, small 
cross-section, fabrication cost and ease of assembly. 

It is therefore the principle object of the present inven 
tion to provide a suitable attachment device for coupling 
a thin-shelled brittle member such as a missile radome to 
a second member such as a missile body. The present 
invention will not only provide a satisfactory coupling 
from a structural standpoint with high strength, low 
weight and cross-section, but will also provide advan 
tageous features such as elimination of certain inherent 
electrical problems, avoidance of use of critical materials, 
and ease and low cost of fabrication. While the present 
invention is herein described in connection with a ceramic 
radome and a metal missile body, it will readily be seen 
that it is applicable as an attachment device for ceramic 
to-ceramic or metal-to-metal connections. 

Briefly, the present invention comprises a ring of glass 
fibers or other high strength filament wrapped under 
tension and cured onto one of the members to be joined 
in such manner as to produce a residual stress in the ring. 
The resulting assembly of the ring and member is then 
secured to the other member by a plurality of mechanical 
fasteners. Presence of the residual stress in the ring pro 
vides a strong combination bonded-mechanical joint 
which will withstand high stresses of differential thermal 
expansions as well as of severe structural loads. In a 
ceramic radome and metallic missile body application, 
the ceramic radome is encircled by the glass fiber ring 
to produce a combination bonded-mechanical joint, shear 
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fasteners being provided to secure the ring to the missile 
body. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings in which: 

FIG. 1 is an elevation showing the missile radome cou 
pled to a missile body by the present invention; 

FIG. 2 is an enlarged fragmentary section showing the 
glass fiber ring Wrapped onto the ceramic radome; and 

FIG. 3 is an enlarged fragmentary section showing 
the attaching details. 

Referring now to the drawing in detail, FIG. 1 shows 
a missile 10 having a ceramic radome 12 coupled to a 
missile body 14 by an attachment 16 constituting the 
present invention. 

In FIG. 2 it can be seen that the randome 12 is pro 
vided on the outer periphery thereof with a groove 18 
near the aft end of the randome, the forward portion of 
the groove being somewhat deeper than the rearward 
portion. Positioned at the aft end of the radome 2 is 
a circular band 20 having an inwardly depending flange 
22 which abuts the radome and is cemented thereto by 
cement 23. Girdling the radome 12 and band 20 is a 
glass fiber ring 24 that is wrapped under tension and cured 
thereon so as to provide a residual compressive stress in 
the ceramic radome. 

In FIG. 3 it can be seen that a plurality of apertures 
26 are formed around the periphery of the band 20 and 
extend through the ring 24, the apertures being counter 
sunk on the inner face of the band. Pressed into the 
apertures 23 are inserts 28 which accommodate screws 
30 for engagement with a forwardly extending flange 32 
on the missile body 14. Interposed between the end of 
the flange 32 and the flange 22 is a seal 34. 

It is seen then that the glass fiber ring 24 is first bonded 
to the ceramic radome 2 and then mechanically fastened 
to the missile body 14 to securely attach the radome to 
the missile body. Because the ring 24 is formed with 
glass fibers wrapped under tension, a residual hoop tension 
stress is produced therein which is maintained after cur 
ing. This tension in the glass fiber ring coupled with the 
fact that the groove 18 is formed with a reverse taper 
provides a combination bonded-mechanical joint and 
solves the problem of differential expansions since any 
thermal stress induced will be opposed by the residual 
stress in the ring. While this pre-stress in tension in the 
ring, with accompanying compressive pre-stress in the 
radome, prevents the ring from loosening from the radome 
due to any temperature rise of the joint under high speed 
flight conditions, excessive pre-stress is undesirable since 
it results in excessive stresses in the radome. Also, exces 
sive pressures within the glass fiber ring could tend to 
force resin out, 
The incorporation of the band 20, which is preferably 

made of steel, tends to maintain a better sealing surface 
and also tends to hold the internal tolerance on surface 
mating to the missile body. More important, however, 
is the fact that the band 20 also provides a high modulus 
and strength to resist compression fastener loads, and to 
retain tension pre-stress in the aft portion of the glass 
fiber ring 24 to resist compression fastener loads. 
The tension wrapping of the radome 12 is best done by 

mounting it and the band 20 in juxtaposition on a man 
drel, a cement 23 being applied to the abutting surfaces 
of the end of the radome and the flange 22 of the band 
20. The surface of the radome and band to receive the 
glass fiber Wrapping is wetted with an adhesive such as 
Epon VIII. Glass fibers in the form of tape such as type 
XP150 or XP.126 produced by the Minnesota Mining and 
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Manufacturing Co., is then wrapped onto the radone and 
band under tension of the order of 125-300 pounds de 
peinding on the amount of pre-stressing desired. After 
one layer of the tape is wound tangentially onto the 
radome and band, the mandrel is stopped and, with the 
tension maintained on the tape, a layer of glass fibers 
with the fibers running axially is placed over the first 
layer. Adherence of the axial fiber layer to the first layer 
is obtained by heating and softening the resin with a 
warm air dryer. Alternate layers of tangentially wound 
tape and axial fibers are then installed onto the radome 
and band until the desired thickness is obtained. Four 
or five of these alternate layers have been found to pro 
duce excellent results; however, it has been discovered that 
superior results have been obtained by overwrapping, that 
is, by wrapping a considerable excess of glass fiber ima 
terial onto the radome and band, and then machining to 
the desired diameter. By this method, greater hoop load 
ing stresses in the ring have been attained. 
The last layer of tangential tape may be sealed just 

before releasing the tension by applying heat from a 
soidering iron. After the wrapping is completed, the 
radome, band and glass fiber ring are cured in an oven 
for about six or seven hours at approximately 300 F. 
Machining of the excess glass fiber material is best ac 
complished after the curing step, and as previously men 
tioned, residual stresses remain in the ring and radome 
after curing and machining. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
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4. 
1. In an aerial missile having a ceramic radome and a 

Inetallic body, an attachment for coupling said radome 
and body, comprising, a peripheral groove in the outer 
wall of said radome at the aft end thereof, said groove 
being deeper at its forward end than at its aft end, an 
annular metallic band in juxtaposition with the rear of 
said radome and having an inwardly depending flange 
secured to the rear face of said radome, Said metallic 
band having an internal diameter slightly greater than 
that of said metallic body and being telescoped there 
over, a ring of glass fiber encircling said radome over 
the length of said groove and said band and secured to 
both thereof, said ring having sufficient pre-stress therein 
to resist thermal stresses induced by differential expan 
sion of said radome and said ring, and means including 
a piurality of screw fasteners for attaching said band and 
ring to said missile body. 

2. The invention as recited in claim 1 wherein said 
flange is cemented to the rear face of said radiome. 
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