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03JECT

T2 survey the deveiopment work
perfcemed in England and America on
plastic rotating baads ana, against that
background, to report in detail on work
performed in receat years at Picatinny
Arsenal.

SUMMARY

This report contains:

a. A brief account of work on plastic
rotating bands during the last 10 y.ars
at British ordnance facilities, az the
Franklin Institute in Philadelph‘a, at the
Naval Ordnance Laboratory and the
Naval Proving Ground, and at Picatinny
Arsenai (SFAL). This marerial is
liberally cross-referenced to the Bibli-
ography which corstitutes a later section

of this report.

b. A detailed discussion cf s=veral
material investigations performed at
SFAL. Properties of some ci the r.ost
promising plastic materials for rotating
bands are listed and discussed. Fabri-
cation methods are dealt with and the
results of local firing tests on the >7 mm

scale are reported.

. In a final s=ction, plastic rotating

bands under development at SFAL for

several specific end items are discussed.

An improved method tor measuring
the spin of a projectile ip {ree tlignt
is described ia the Appendix.

CONCLUSIONS

A considerable number of plastics have
given good performance as rotatiig
bands, when fired at low velocities.

Only a few plastics have shown prom-
ise at velocities of over 4,000 fps. The
choice of materials wili be narrowed
even more if retention of bands in flight
is made one of the pertormance criteria.

Development of snecial band designs
vill be needed before optimum perforin-
ance can be obtained from plastic matc-

rials.

Firing of metal-baaded and plastic-
banded projectiles aiternately {vom the
same barre]l cuts down the performance
cf plastic rotating bands and should be
avoided.

Crzation of special propellan gun-
projectile svsiems for projectiies having
plastic rotating bands shouid lead to
higher velociiies, iengtheaed gua life,
and reduced costs.

INTRODUC ION

1. A prerequisite for good external

taliistics is stable flight of the pio-
jectile. The majority of artillery pro
jectiles actain stable flight by <pin,
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imparted by means of a rifled guu barrel
and a rotating band. The rotating band,
which is firmiy fasiened (o the projectile,
engages the spiral rifling of the gun barre]
and thereby (ransmits stabilizing spinto
the projectile. Obturation and centering of
the projectile are, of course, almost equally
important functions of a rotating band.

A long list of additional functions and

of necessary and desirable requirements
could without difficuity be set up (Pages
12 and 13 of Item 46 of the Bibliography).

2. Copper and copper alloys have
been used for rotating bands since the
‘atroduction of breech loading guns at
about the miadle of the 19th century.
During the 1-5t 20 years, gilding metal
(an alloy consisting of 90% copper and
10% zinc) has been used almest exclu-
sively by the United States Army for
bands on standard artillery ammunition.
Because of their relatively high strength
and high ductility, properly-designed
gilding metal bands hav~ given satis-
factory perform~zic tn conventional
weapons. Why then look for other mate-

rials?

3, There are twu major and many
minor reasons why we have tc look not
mer:'y for substitutes, but for better
petforming mz.-rials for rorasing bande.
High speed warfa:: 3.2snds emmunition
in quantities and at a ievel of quality
that was pr -vi~: 'y unicaid of. Uader
a war econ. Y . serious sioftages of
copper and other non-ferrous metals
exist. With the increased firepower of
modern weapons, the development of

strong non-strategic band materials and
cheaper banding methods becomes
imperative. This probably is the most
pressing reasnn why we should heve
other materials to take the place of
copper alloys for rotating bands. Another
hardly Icss important reasou is the fact
that gilding metal bands of nresent
desigr do not runction properly at the
hyper-velocities demanded of certain
types of AA and AP ammunition. The
difficulties encountered with presen
metallic banding materials are caused
chiefly by excessive friction, frictional
heat, and the high thermal conductivity
of the metals used. A survey of readily
available materials without the above-
meationed shortcomings indicates that
a number of plasiics may be classed as
potenrial band materials.

4. During the past 10 years, develop-
ment work on plastic rotating bands has
been performed by a number of Ordnance
facilities of the United States Army
and Navy and also by the British Ministry
of Supply. Investigations have been
described and test results presented in
over 60 reports (See Bibliography).

5. l.acking tunds and priority, progress
in the develooment of plastic rotating
neud: Las .ezn slow. Yet, in spite of
these han caps, definite progress has

. made. Today several plastic mate-
rials are known to give credible perform-
ance and indications are that, by design
impiovements involving not only the
band, but the whole propellant-projectiie-
gun system, high velocity ammunition

CONFIDENTIAL



— —— -

CONFIDENTIAL

with plastic rotating bands can be
develope d and produced economically.

DEVELOPMENT WORX
DURING LAST DECADE

in England

5. The first experiments with plastic
bands, as far as can be d=termined from
available literature, were performed at
Ft. Halstead in England approximately
10 years ago. Whereas the United Sates
was interested in plastic chiefly as a
means of saviug copper, emphasis in
cngland was from the beginning placed
cn gun performance and reduction of
wear. The English investigators reasoned
that differeaces in properties between
metals and plastics would preveat direct
substitution of the one for the cther. As
a consequence, new designs of both
bands and projectiles were investigated,
and even modificatisas in the geometry
of the chamber and forcing region of the
gun. Also noteworthy is their almost
exclusive use of the case-over-band
design, to minimize dimensional changes
in aad damage to the plastic bands.

7. Certain attributes, such o+ heat
re it 2a.e n2:duess, and dimensional
stability, o, ."2nily motivated the Eaglish
invesrigaiors to concentrare at first on
thermosetting plastics. Materials tried
out in the early stages of development
included: Ebonite (hard rubber made of
natural ruober, neoprene, or GRS),
phenolics, rubber-modified phenolics,
cotd-reinforced phenolics, and vulcanized

fiber (See Items 1, 2, 3, 4, 7, 12, 13, 19,
and 20 in the Biblicgraphy).

8. In contrast to the American approach,
the first triais in England were pertormed
on medium-caliber guns. The 6 pdr
(57 mm) and the 17 pde (3 inch) guns
were used for the first test firings of
projectiles with plastic rotating bands
(“'driving bands'’ in the English termi-
nology). Good spin and obturation were
obtained 1n most cases. All bands dis-
carded near the muzzle. This lacter
behavior was not at that time considered
a shortcoming. On the con.rary, 1t was
concluded, that, if the bands came off
100%, this would improve exterior bal-
listics by decreasing the dispersion,
decreasing the retardation, and increasing
the range.

9. This reasoning apparently did not
carry enough weight to be accepted, and
it appears that another schooi of thought
which believes that the rotating bands
should stay on 100% has been adogted.
Apparently, all attempts to retain ir
f1:ght rotating bands made of the thermo-
setting plastics investigated up to this
time were unsuccessiul. « .1ui’ trueh
materia. was sought and, after stucying
the known properties of all plastics,
the Brit'sh chase Nylon 6.6, a thermo-
plastic, as the material most likely to
meet all requirements (See ltems 22, 26,
27, 30, and 31 in the Bibiiography).
Years of thorough investigation of nylon
bapds foliowed. Performance after stor-
age under adverse climatic conditions

and in new and worn guns was determined.
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Keports of test results range in tone

from enthusiastic to pessimistic.

iu. So far, nylon roiatire hands have

been standardized in Sngland only for
discarding sabot rounds such as the
20-1b (83 mm) Mark 3 APDS and the
120 mm projectiies. The 83 1.0 round
is fired at velocities of 4000 fps or
bv.tter. At this velocity, copper bands
pecformed poorly.

11. Several shortcomings have thus
far prevented adoption of nylon bands
for other standard rounds. These short-
comings, as mentivwicd in Br.tish reports,
are:

a. Erratic drittleness

b. Veids (small gas or vacuum
bubbies) in molded bands

¢. Embrittlement subsequent to
molding, caused allegedly by progressive
crystallinity, especially und=r con-
ditions of high humidity and temperacure

and by deg-ad~rion.

12. To overcome the difficulties
encountered with Nylon 6.6, other psiy-
amides, such as Nylon 6, Nylon 610,
Nylon 11, and Nylon 66/610/6, were
imponied from the Netherlands, France,
Switzerland and the United Staies. All
are currently under i.vestigation as
banding materials in experimental work
being petformed with 40 mm ammunition
{Items 32 and 33 of Bibliography).

13. Polyvinylchloride and Fromopias

(a modified polyvinyl formal) have also
been studied. Promising results were
obtained, but theie seem to be some
drawbacks arising from the relatively
low heat distortion point of these two
plastics (Items 23, 32 and 33 of 3ibli-
ography).

14. One other material included in the
earliest trials was vulcanized fiber.
Bands made from this materiul performed

very well tn firing. Engraviag on such
bands was excellent. The only short-

coming appeared to be moisture sensi-
tivity. After extensive trials, British
engineers found that they could minimize
this water absorpiion by using the bands
only for rounds i1n which the band is
covered by the case (that is, rounds of
the case-over-band design).

15. In this early experimental work
with 40 mm rounds, the fiber bands were
held 1n place by undercuts at both edges
of the band seat, and they stayed on
reliably. In recent firing trials, the
accuracy obtained by 40 mm and 83 mm
rounds with vulcanized fiber bands was
superior to that obtained by rounds
with nylon bands (ltem~ 14, 15, 16, 17,
18, 31, 32, and 33 in the Bibiiography).

16. No data -5 barrel wear is avail-
able in the English reports. The follow-
ing statements are taken from informa-
tion given verbally (o a representation
of Picatinny Arsenal: ‘' For howirzers
firing at relatively low velocities, the
life of the gun barrel is about 12,000
rounds and there is ao advancage in
nlastic bands because of the very ione
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life of the barrel. For anti-aircrafe
weapoas firing at 2800 fps with a barre!
life of 3000 rouads, nlastic bands
increase the bacrel life by 2 to 3 rimes.
In the case of automatic 20 mm weapons,
t..e barrel gets verv hot and 1t is assumed
that barrel wear 1s due to 2 large extent
to swaging of the bore. Plastic baads
causiny much lower band pressure thag
metal ones increased the leageh of the
permissible burst by a factor of sevcral

times.''*®

17. Published reports and verbal
information indicate that the present
British performance requirements for
plastic rotatings bands are as foiiows:

a. Satisfactory spio must be imparted
to the projectile o give it stability 1n
flighe.

b. The band must be reliably
retained on the projectile after it leave.
the gun barrcl. The priacipal reason for
this requirement seems to be the pro-
tection of nearby personnel. The Air
Force is alsoconcerned withthe possi-
bility chat fragents from bands which
fail may be picked up by jet intakes.

c. The band must perform satis-
factorily after standing in & hot gun.
This requiremew seems tc have spec:al
ceterence to the fact that anti-tank
weapons have to be kept loaded and
realy to fire >n very short aotice. No
convincirg reasoan for this requirement

‘Qruxo'(ed ftom Item 32 of the Bibl.ography

in other instanceswas advanced. Spe-
cific standards of t1me and temperature
‘n connection with this requirement are
somewhat in dispute. Such standaras
naturally cannoc exceed in severity the
condirions which the propellant and/or
the explosive can staad.

d. Sartsfactory performanc: must be
obcaiced after standard storage. Standard
storage 1s defined by War Office Policy
Statement 100 which speciites that
¢ uipment shall withstand storage a:
140°F to ~-50°F and skal] operate suc-
cessfully at 125°F to -25°F. To meet
this require:nenk, the British use a 3-
month storage period at 140°F and 95
to 100% relative humidity. However, as
Col Fiowerd::w of the Armameat Design
Establishmeat (ADE) points ouwt, 90°F
and 90% relative humidity may exist for
months on 20d at a place like Sicgapoce
but at any place wher= rpe temperature
rises to 120°F, the relative humidity will
drop to about 20%. Therefore, ADF -re-
fers 7o be guided by actual storage tests
in Nigeria.

¢. The plastic-banded projeciiles
must be usable 10 both new and wora
weapons. This is a problem wluch caa
be solved only through design modifi-

.atlons.
in the United States

Freanklin Institute

18. Stace July 1946 Franklin [astitute

has pe-formed research and development
work for the Ordnance Corps under

COMFIDENTIAL
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contracts relative to several phases of
Project TA1-5005, the subject of which
is: Long Range Program of Basic and
Tecrnical Research for Irprovement of
Artillery Ammunition and Material. In the
begiuning, technical supervision of these
contracts was handled by ORDTA. In
1952, this supervision was transferred to
Watertown Arsenal. Development of
plastic rotating bands is one phase of

this work.

19. Results of preliminary studics
concerred with rotar.ng bands 1 general,
rifling, friction, and time-rravel (ltem
34 of Bibliography) indicatea that plas-
tics could be considered as potential
substitute materials for the copper alluys
used generally 1n rotating bands. A
direct substitution with no design modifi-
cations of eiwrher the projectile or the
gun was anned at. The first approach
was essentially Edisoniaa, that 1s, trial
and error. The following materials were
evaluated as rotaung bands for .50 cali-
ber rounds: Teflon, Nylon 6.6, vulcanized
tiber, lignin resin, and vinylite. Firing
test resulrs were encouraging. All bandr
came off outside the muzzle, but most
bands produced good spin, velocity, and
accuracy. In erosion firing tests, vulcan-
ized tiber surpassed all other band mate-
rials including metals. Teflon was too
weak, and the other materials were fair

(Item 39 of Bibliography).

20. In 1949, work was begun on the
development of bands for 75 mm recotl-
less rifle ammunition. For reasons f

economy and convenience, 20 mm

prototype projectiles were used ia this
work. On GRDTA’s request, the Naval
Ordnance l.aboratory selected and

molded dire:tly on the projectile 10 mate-
rials covering a wide range of nropert ~s.
Twoof the 10 plastics were found to be
proinising band materials for the 75 mm
projectile (Item 36 of Bibliography).

21. During the foliowing vears,
increased emphasis wvas placed on the
evaluation and testing of moldable plas-
tics. Static and dynamic engraving
tests were performed on a number of mate-
rials. Picatinny Arsenal assisted by
studying physical propert.es, effect of
temperature variattons on the physical
properties, dimensional stability, and
fabricating methods.

22. At this stage, an ethyl cellulose
formulation and Nylon 6.6 looked most
promising. Both 75 mm and 105 mm
recotlless rifle projectiles with ethyl
cellulose ban.s were fired at <65°, 70°,
and 160 °F with good accuracy. No
darage to the thin-walled barrels from
band pressure was observed. The con-
clusisn was reached that uneagraved
bands of several plastics iested are suit-
able for use on ammunition for recoilless
rifies which have been previded with
forcing cones (Items 37 and 38 of Bibli-
ography).

23. D'wing 19,2, 1993, and 1954, over
40 different plastics were tested on the
20 mm scale. Type and amounr of pro-

pellant; projectile, band, and barrel
design; and firing conditions were kept
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the same in all firing tests. Thus, the
only variaole was the band material.
Tjuring this periou, the materiais tested
ar Franklin Insticute were seleczed by

the cooperative efforts of SF ''. and NOL.

These two facilities also provided the

molded bands (Fig 1). Materials were

Fig 1  Plastic Rotating Bands Before
Machining to Design Dimensions

chosen euther because they possessed
certain properties which made them

i pear promising for this apnlication or
because they were representative of
particular types of plastics. Suitability
for use as rotating bands was judged by

the ability of the bands to impart spin,
to obrurate, and to be retained in flight.

24. Addiiional work on methods of
mounting the plastic bands, barrel wear,
design parameters, and engraving char-
acteristics was started, but had to be
suspended because ol curtailmeat of
coriract funds (ltems 39, 40, 41, 44, ana
45 of Bibliography).

25. On several occasions, work cnithe
development of end items was al=o per-
formed. A test firing of 105 mm howitzer
ammunicion vith plastic bands was con-
ducted at Jefferson Proving Ground. Two
liylon compounds performed well. A study
of nylon bands for the 27 mm T 142 prac-
tice projectile was undertaken. The
results indicated that nylon bands would
meet the rotational reguiremen:s, but
that further experimentation would be
needed to solve the problem of band
reiention. When used with 57 mm recoil-
less rifle ammunition, both ethyl cellulose
and nylon bands (Fig 2) gave perform-
ance comparable to that of pre-engraved
metal bands. The firing iest demonstia-
ted, however, that the band design was
not optimum with regard to band pressure
and baud retention (Itom 42 and 43 of
Bibliography).

26. Plastics reinforced with glass
fibers had not been tried for rota-
ting bands, because u was reasoned
that the rough ends of the fibers would
have an abrasive effect and zause exces-

sive barrel wear. To prove or dicprove
this theory, Picatinav Arsenal nrovided
1400 rounds of .50 cal. prorectiles with
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