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57 ABSTRACT 

Rotating bands comprising a composite product of a 
flexible, cross-linked, resin and a spunbonded synthetic 
organic fiber tape composed of randomly arranged, 
continuous filament synthetic organic fiber polymer, 
e.g. polyester, bonded at the filament junctions. The 
bands can be produced by winding on the projectile 
shell a tape of the spunbonded synthetic fiber impreg 
nated with a liquid epoxy or equivalent resin, which on 
curing yields a flexible, cross-linked resin, and then 
curing the resin by heat and/or a catalyst. The novel 
bands, which possess a unique combination of flexibil 
ity, stiffness, strength and toughness, impart the correct 
spin and muzzle velocity to the projectile when fired 
through a rifled barrel. The bands reduce friction and 
engraving force, since engraving is accomplished by de 
pression of the rifling of the barrel (lands) into the 
novel band without permanent deformation as distin 
guished from conventional metal rotating bands, which 
are engraved by shearing and displacement of metal. 

7 Claims, 1 Drawing Figure 
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NON-METALLIC ROTARY BANDS 
The invention described herein may be manufac 

tured, used and licensed by or for the Government for 
governmental purposes without the payment to me of 
any royalty thereon. 

BACKGROUND OF THE INVENTION 

This invention relates to non-metallic rotating bands 
for projectiles. As is well known in the art, rotary type 
projectiles are provided with a rotating band to cause 
the projectile to spin and become gyroscopically stabi 
lized in its trajectory. Hitherto such rotating bands have 
been made of relatively soft metallic material, usually 
copper or copper alloy. When the projectile is fired, the 
band is engraved by the rifling in the gun barrel, 
thereby forming grooves or splines, which engage the 
rifling and impart a rotary motion to the projectile. 
These engraving forces exert great compressive forces 
on the wall of the projectile and expansive forces on the 
wall of the gun barrel. To withstand these forces, both 
the projectile wall in the region of the bands and the 
gun barrel wall must be made thicker with consequent 
reduction in payload of the projectile and increase in 
weight of the gun barrel. 
Attempts have been made to replace strategically 

valuable copper with other materials, particularly non 
metallic bands made of organic plastics, such as poly 
amides, polystyrene and polycarbonates. Rotating 
bands made of plastic rather than copper etc. would 
provide a number of advantages, e.g. 

a. They utilize relatively low cost, non-strategic mate 
rials; 

b. They are considerably less expensive to manufac 
ture and can be fabricated directly onto the projec 
tile with little or no post machining; 

c. The radial band pressure resulting from the inter 
ference between the projectile and the gun barrel, 
is significantly reduced, and the useful life of the 
gun barrel is consequently increased; 

d. The projectile wall can be lightened with resultant 
increase in payload of the projectile; 

e. The reduction achieved in the structural loading on 
the launch system permits lightening of the recoil 
systems, etc. 

Plastic rotating bands proposed to date have not been 
completely satisfactory for a variety of reasons. For ex 
ample, although plastic bands reduce the engraving 
force required, they are usually not strong enough to 
transmit the required rotational velocity to stabilize the 
projectile in flight. Further, they tend to be torn loose 
from the projectile exiting from the gun barrel by cen 
trifugal, shear, etc. forces with consequent hazard to 
personnel and impairment of the projectile trajectory. 

BRIEF SUMMARY OF THE INVENTION 

An object of this invention is to provide an improved 
rotating band for rotary type projectiles, which over 
comes the aforementioned and other deficiencies of 
the prior art. 
Another object is to provide an improved projectile 

possessing a rotating band, which has sufficient 
strength to impart the desired rotation to the projectile 
but at the same time requires a reduced radial band 
pressure therefor, thereby permitting a reduction in the 
wall thickness of the projectile with consequent in 
crease in the payload. 
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2 
A further object is to provide a projectile rotating 

band which is strong enough to produce proper rota 
tion and gas sealing action without tearing loose or 
melting. 
A still further object is to provide a rotating band, 

which lowers friction and requires a reduced engraving 
force, thereby improving the ballistic performance of 
the projectile and reducing the wear on the rifling of 
the gun. 
Another object is to provide a projectile rotating 

band of reinforced flexible synthetic resin and process 
for producing same, which possesses a unique combi 
nation of flexibility, stiffness, strength and toughness 
which permits proper rotation of the projectile but uti 
lizes a different mode of radial band deformation from 
conventional copper rotating bands, which engrave due 
to a shearing action and rearward displacement of 
metal. 
Other objects will be obvious or become apparent 

from the following description of the invention. 
These objects are achieved according to this inven 

tion by novel rotating bands which comprise multiple 
layers of tape bonded together in a matrix of a flexible, 
crosslinked, resin, said tape consisting essentially of 
continuous filament synthetic organic fiber polymer 
randomly arranged and bonded at the filament junc 
tions. The novel rotating bands generally possess an 
elastic modulus (tensile) generally between about 
400,000 and about 600,000 psi. They can be produced 
by impregnating the aforesaid tape material with a liq 
uid, crosslinking resin, which on curing yields a flexi 
ble, crosslinked resin, applying multiple layers of the 
liquid resin-impregnated tape circumferentially on a 
projectile casing, preferably by winding, to form an an 
nular band, and then curing the resin to form the flexi 
ble, crosslinked, resin. 
The composite product thus obtained provides a non 

metallic rotating band, which is tough, strong and of 
such flexibility and stiffness as to impart the correct 
spin and muzzle velocity to the projectile when fired 
through a rifled barrel, while at the same time reducing 
radial band pressure and friction. Conventional rotat 
ing bands of copper and copper alloys (e.g. gilding 
metal) are engraved by lands of the gun barrel, the re 
sulting grooves matching the rifling of the gun barrel 
with attendant physical degradation of the metal by dis 
placement or removal of said metal. In contrast, the 
novel composite bands of this invention do not suffer 
a physical degradation but rather exhibit an apparent 
malleability, whereby they physically deform to match 
the rifling of the barrel to impart the correct rotational 
velocity to the projectile but undergo only temporary 
or relatively slight permanent deformation. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing illustrates a schematic of apparatus suit 
able for impregnating the tape material with a liquid 
flexible resin and winding the resin-impregnated tape 
on the projectile to produce the rotating band, wherein 
the resin is subsequently cured. 
DETALED DESCRIPTION OF THE INVENTION 

The tape material employed for producing the novel 
rotating bands of this invention consists essentially of 
a sheet structure, wherein continuous filament syn 
thetic organic fiber polymer, such as polyesters and 
polyamides, is spun-bonded, i.e. randomly arranged, 
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usually highly dispersed, and bonded at the filament 
junctions, e.g. by heat and pressure. Such material pos 
sesses a unique combination of physical properties, 
which make it particularly advantageous for making re 
sin-bonded rotating bands, notably, high tensile 
strength combined with high elongation, outstanding 
toughness and tear strength and high bulk and porous 
structure, and excellent dimensional stability. Prefera 
bly, the spun bonded structure is composed of crimped 
fibers as they impart increased elongation to the struc 
ture. The tape material can be prepared from any es 
sentially non-elastic synthetic organic fiber capable of 
being spun-bonded, notably polyesters, such as polye 
thyleneterephthalate and polycyclohexyleneterephtha 
late, and polyamides, such as polyhexamethylene 
adipamide (nylon 66) and poly-e-caproamide (nylon 
6). 
The high degree of elongation of the rotating band of 

fiber-resin composite is provided by the flexibility of 
both the resin and the spun-bonded fiber tape. The tape 
material preferably should possess a break elongation 
ranging between about 50 percent and about 100 per 
cent. Particularly suitable tape material for use in this 
invention is a spun-bonded polyester sheet material 
known as Reemay, Reeman, a du Pont registered trade 
mark, manufactured by E. I. du Pont de Nemours & 
Co., especially that produced with crimped fibers. Pref 
erably, the tape material and crosslinked flexible resin 
possess similar elongation characteristics. In the rotat 
ing bands of this invention, the void span between the 
fibers of the tape material is impregnated or filled with 
the flexible crosslinked resin, whereby the composite 
fiber-resin structure permits very substantial mechani 
cal deformation without exceeding the ultimate 
strength and elongation of the basic fiber. The novel 
rotating bands generally possess an elastic modulus 
(tensile) between about 400,000 and about 600,000 
psi., and a break elongation preferably between about 
50 percent and about 100 percent, wich permits an 
elastic deformation of the band by the rifling of the bar 
rel rather than the conventional cutting action which 
normally occurs with the engraving of metal rotating 
bands. 
For producing the novel rotating bands of this inven 

tion any liquid resin can be employed which on curing 
produces a flexible, crosslinked resin possessing a 
break elongation of at least 10 percent but not greater 
than about 150 percent. Preferably, the cured resin 
should possess an elongation of between about 50 and 
about 100 percent. Cross-linked resins having an elon 
gation greater than about 150 percent are excessively 
flexible and hence unsuitable for use in this invention, 
since bands produced therefrom are not sufficiently 
stiff or hard to provide the required rotation of the pro 
jectile. Conversely, bands made from resins having an 
elongation of substantially less than 10 percent are not 
sufficiently flexible and suffer undesirable shearing, 
breakage, and/or high radial pressures in use. 
Suitable flexible, crosslinked resins include reaction 

products of liquid epoxy resins with curing agents. 
Epoxy resins contain the reactive epoxide group 

O 

-c4 Sc 
which accounts for the crosslinking and thermosetting 
properties of this class of resins. The more common liq 
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4. 
uid epoxy resins are reaction products of epoxy com 
pounds, e.g. epichlorohydrin, with dihydric phenols, 
such as 2,2-bis (p-hydroxyphenyl) propane (Bisphenol 
A), resorcinol, etc. 
The liquid epoxy resin can be cured by reaction with 

a suitable cross-linking agent, such as an organic amine 
containing 2 or more primary amino groups, which 
crosslinks the epoxy resin to produce the desired solid, 
flexible, cross-linked resin. The crosslinking reaction 
can be effected under the influence of heat or in the 
presence of a suitable catalyst without heating. 
Other flexible, crosslinked resins besides epoxy resins 

can be employed in this invention, notably polyesters 
and polyurethanes. Suitable polyester resins can be 
prepared by reacting a compound containing at least 
two hydroxyl groups, e.g. ethyleneglycol, propylene 
glycol and glycerine, with a polycarboxylic acid con 
taining an unsaturated ethylenic double bond, e.g. ma 
leic acid, maleic anhydride and fumaric acid. The re 
sulting unsaturated polyester can be mixed with a suit 
able crosslinking agent, e.g. styrene, diallyl phthalate, 
etc. and the crosslinking reaction effected by the action 
of heat and/or a catalyst, such as a peroxide, in known 
manner. Suitable polyurethanes can be obtained by re 
acting an organic di- or polyisocyanate, e.g. 2,4-toluene 
diisocyanate, 4,4'-diphenylmethane diisocyanate, and 
1,6-hexamethylene diisocyanate, with a di- or poly 
functional alcohol, e.g. polyethers and polyesters ob 
tained by reaction of ethylene oxide and/or propylene 
oxide with ethylene glycol, propylene glycol, glycerine, 
polyethylene adipate, etc. and including in the reaction 
mixture a reactant having three or more isocyanate or 
hydroxyl groups in the molecule in sufficient amount to 
produce a solid, cross-linked polyurethane resin of the 
desired flexibility. Particularly suitable for use in this 
invention are liquid polyether urethanes containing ter 
minal isocyanate groups, often referred to as prepoly 
mers; such liquid products can be reacted with suitable 
crosslinking agents, e.g. aliphatic polyhydroxy com 
pounds such as glycerine, in the presence of a suitable 
catalyst to produce the flexible crosslinked polyure 
thane resin. 
The ratio of resin to tape material employed in the 

novel rotating bands can be varied widely. It should be 
sufficient to bond the layers of tape in a matrix of the 
flexible resin but not so great that the rotating band 
possesses to an excessive degree the properties of the 
unreinforced resin. Preferably, the amount of resin em 
ployed should not substantially exceed about 100 per 
cent by weight of the tape. An amount of resin between 
about 30 percent and about 70 percent by weight of the 
tape is especially preferred. In this connection the tape 
material employed in the present invention possesses a 
high bulk and porous, sponge-like structure, which fa 
cilitates impregnation and retention of the liquid resin 
under a relatively wide range of roller pressures during 
winding of the impregnated tape on the projectile shell. 
The following description together with the accom 

panying diagrammatic drawing illustrates the produc 
tion of a rotating band of this invention by circumferen 
tially winding a resin-impregnated tape on a projectile. 
Referring to the drawing, a tape of spunbonded polyes 
ter fiber 1 from spool 2 is passed over guide rollers 3 
and 4 through a resin impregnating bath 5 under guide 
rollers 6 and 7. From the impregnating bath the tape is 
passed over guide rollers 9, 10 and 11 and wound 
around projectile casing 12 being rotated about a hori 
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Zontal axis in a lathe-like machine (not shown). The 
amount of resin pickup by the tape can be regulated by 
the proper squeezing of the impregnated tape by 
Squeeze roller 8. A pressure roller 13 is used to com 
press the tape as it is being wound on the projectile. 
When the desired band thickness is obtained, the pro 
jectile is removed and resin is cured to produce the 
final band, which can then be machined to the desired 
configuration. 
A preferred embodiment of the invention is set forth 

in the following example, which describes the produc 
tion of a rotating band of this invention by winding an 
epoxy resin-impregnated tape on a 105 mm projectile. 
The winding operation was carried out with a conven 
tional lathe type filament winding machine modified to 
perform tape winding, similar to the apparatus illus 
trated in the drawing. 
The tape was one inch wide Reemay spunbonded 

polyester, style No. 2430, a sheet product of continu 
ous-filament polyester fibers that are randomly ar 
ranged, highly dispersed and bonded at the filament 
junctions. The tape possessed a thickness of 17 mils 
and a break elongation of 75 percent. 
The spool of tape was mounted on a constant tension 

device, which maintained a one pound load on the tape 
after it had been threaded through the rollers of the 
resin impregnating device (the tension was measured 
before the resin was introduced into the device). 
The resin impregnating device was charged with a 

liquid epoxy resin-curing agent mixture of the following 
composition: 

Epon 828 100 parts 
Jeffamine TD-400 77 - 5 parts 

Epon 828 is a resin marketed by the Shell Chemical Co. It is a liquid 
epoxy resin condensation product of epichlorohydrin and Bisphenol A 
(2,2-bis (p-hydroxyphenyl) propane) having a viscosity of from 100 to 
160 poises and an epoxide equivalent of from 180 to 195. 
Jeffamine D-400 is a crosslinking agent marketed by the Jefferson 
Chemical Co. It is a liquid product which is represented by the follow 
ing structure: 

NH, CH (CH) CH, FOCHCH(CH3). NH 

wherein x is 5.6 (average) and possesses an approximate average mo 
lecular weight of 400 and an epoxy equivalent weight of 100. 

The tape was passed through the aforesaid liquid 
mixture at a rate of about 2 inches/second with approx 
imately 20 inches submerged in the bath to insure good 
impregnation, then wound on the projectile. A pressure 
roller, which applied a pressure of about 30 psi. on the 
tape, was used to debulk the impregnated tape as it was 
being wound on the projectile. To insure good bonding 
of the rotating band to the projectile band seat the lat 
ter was given a medium knurl and a light sand blasting 
to remove iron oxide. 
The projectile was removed and masking tape was 

applied over the band to contain the resin and to pre 
vent slippage of the band material during the curing pe 
riod. The band was then cured at room temperature for 
about 2 hours and thereafter post-cured at 325F for 4 
hours. The rotating band thus obtained was 0.287 
inches thick (I.D. = 3,930 inches, O.D. = 4.217 
inches), and contained about 30 percent by weight of 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
the cured resin. 

Projectiles with rotating bands obtained in the man 
ner described above were subjected to static engraving 
tests using an engraving fixture with zero twist rifling, 
which subjected the rotating band to simultaed engrav 
ing, shear and radial pressure as it passed through the 
rifling. The tests revealed that the depth of rifling of the 
band was barely visible to the eye, showing that the 
band had physically deformed to match the rifling of 
the fixture and returned essentially to the original con 
figuration. No degradation of the band had occurred 
under the engraving load of about 24,000 lbs. The ra 
dial band pressure was only about one-fifth that of the 
standard gilding metal projectile band. When test-first 
in a rifled gun barrel, the projectile exhibited the cor 
rect muzzle velocity and spin and considerably reduced 
radial band pressure compared with a similar projectile 
having a standard gliding metal rotating band. 
Unsatisfactory results were obtained when tapes of 

other materials, e.g. Kraft paper, glass fiber coth, asbes 
tos cloth, and other textile materials were employed in 
place of spun-bonded polyester cloth in the foregoing 
example. The composite resin-tape rotating bands thus 
obtained were relatively rigid and brittle, suffered con 
siderable physical degradation, e.g. splitting and rup 
turing, and exhibited relatively high radial barrel pres 
sures in the static engraving tests and in test firings of 
the projectile. 

I wish it to be understood that I do not desire to be 
limited to the exact method and detail of construction 
described for obvious modification will occur to per 
sons skilled in the art. 
What is claimed is: 
1. A projectile having a circumferentially mounted 

rotating band comprising multiple layers of tape 
bonded together in a matrix of a flexible, crosslinked, 
resin, said tape consisting essentially of continuous fila 
ment synthetic organic fiber polymer randomly ar 
ranged and bonded at the filament junctions. 
2. A projectile according to claim 1, wherein the ro 

tating band possesses an elastic modulus (tensile) be 
tween about 400,000 psi and about 600,000 psi. 

3. A projectile according to claim 1, wherein the con 
tinuous filament synthetic organic fiber polymer is a 
continuous filament synthetic polyester fiber polymer. 

4. A projectile according to claim 3, wherein the tape 
and the resin each possess an elongation of from about 
50 percent to about 100 percent. 
5. A projectile according to claim 3, wherein the 

resin is an epoxy resin. 
6. A projectile according to claim 5, wherein the 

amount of resin is between about 30 and about 100 
percent by weight of the tape, and the tape and the 
epoxy resin each possess an elongation between about 
50 and about 100 percent. 

7. A projectile according to claim 6, wherein the 
resin is an epoxy resin condensation product of epi 
chlorohydrin and 2,2-bis (p-hydroxyphenyl) propane 
crosslinked with an organic diamine. 
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