UNCLASSIFIED

AD NUMBER

ADA800118

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:
DTIC users only.

AUTHORITY

Sec Def memo dtd 2 Aug 1960; ONR ltr dtd
13 Jul 1982

THIS PAGE IS UNCLASSIFIED




Reproduced by

L NIRRT AR DOCORENTS arile

WHRHIGHT PATTILRSON AR TFTORCE BASE - DAY TON OHRIO

hQ/

T womemngey

IS ABSOLVED

FROM ANY LITIGATION WHICH MAY ENSUE FROM ANY

INFRIN GEMENT ON DOMESTIC OR FOREIGN PATENT RIGHTS
WAHICE MAY BE INVOLVED.

A g R - . ‘)

“ﬂrmmmw L

ﬂﬂmwﬂﬁm W h TR W . rwiomn b o
grem o Pl e . Bl N m"""‘i L -~

1
]
o 13 4y o

o S




f//il/§0 ﬂ.iw/ilf}of)/)/
s INCASOUUAEELAA

\ /
\ FROM

LOW CO

B R AP KRR S TR L MG ARl g A R A R NS L et R R

il BN

Z
=]
=
>

‘ORIGINAL DOCUMENTS
- MAYBEOBTAINED ON
LOAN

B Coreat:s e Fa ol

- fme e
P . H

Ty

T T T T T T T T TS

e




Fork on dabot-FProjactilos - 1842-1044 - and Appendix 1 - 2} 80114
' {Mone)
firelg X, ¥,
University of New Mexico, Albumergus {Nona) O4RD
QRRD, NDRC, Diw, 1, Washin 3. ¢,
’ » Washington, I -6490 NDRC-A-428
Oct* 46 Confd'} U.3, English 203 photos, tables, graphs, drwgs

The work conducted on sabot projectiles by the University of New Maxleo from 19842 to 1844 in
summarized. Following a discussion of sabot machanisme sad materials of construction, several
projectiles are described. These 1 :lude armor-plercing &-bot projectile for the T6-mm gun,
armor-plercing snd high-explosive sabot projsctiles for thy 106-mm Howitzer MJ, armor-
pierciag sabot projectiles for the 765-mm pack Howitrer, armor-piercing sabot projectiles with
tungsten-carbide cores for the T6-mm gun M1A2, designy for the 76-mm and 90-ram guna for
construction by Remington Arms Co,, Inc., and further davelopments in these deaigns.

Coples of this report obtainable from CADO,

Ordnance and Armament {2:2) Projectlles, Sabot - Daveiopment
Ammunition (1) (718428,48)

i T
e,

Air Do &

Wi yigig, }-Q‘;

(R =8 s

o

5mz§mmmmw




. o 1
T . Je e By

ng0l Upton X
waahingbon -

WORK ON SABOT PHOJFCTILES BY THE UNIVERS

T CORTRAUT Qluisr-66:, AND
2




. /'

PRI

National Tefenne Research Committee of the

Offlce of Seientific Bssanrch snd Development
|
!

e e

WORK ON SABOT-PROJECTILES {7 TH'E’ UNIVERSITY OF KBW MEXI(;O R

" UNDZR CONTRACT OFMar-AR8 _Ajr_ ...x. NT.:- 1942 -~ 1944

by

.,

J, W, Grelg )
Formerly Consultant, Diviaion 1, NDRC

NDRC Report No, A-428
{’"ﬁ GIORD Report Fo, 6499 -

"

Pertinent to Projects 0D-52 and NO-26

Mapuncriog Copy

This is tho manuscript of a report thst was not edited
and duplicated because of lack of funds and of

personmel at the time of demobilization of OBRD,

Fhis dacarr gy costaine Infogrmntion

afta vt sy, deangg of
the o . v Oy e
L Coean A TP UE.CL
Mz voTne
Y| S TENE SR PRRR 1 1V
AR *3 [

o RuTlLed Darson 8
Gt ton iy law

tora

Copy Ho. 1 of 4 coples October 1946

W~ . L
R DR RIS,

¢ TV SO U DTN ¥ 8 SR S T Ot 9 PR DT S TR R
b

Diviaion 1 P //, yai /




Pt fens ST L O v el St B b A R

WORK ON SABOT PROJECTILES BY THE UNIVFRSITY OF NX¢ MEXTCO UNDER

CONTRACT OFMar~66%, AND SUPPLIGIENTS, 1942 - 1944

Compiled
by

J. %. Greig

R B3I N

<k

R SAEItan e i
L)

‘:':' ';-i:‘

7
-l

Pk
faak

Sl a2 it e
SR T




e e e e £ LA TABRE R AT T 7T AT,

ki

e

CONFIDENTIAL

Preface

This article gives a histoiry of the resesrch and development work
done by the University of New Mexico ¢n subots under contract CEMsr-668
and supplements. This work began in 1942 and was terminated in 1944.
Throughout, it was done under the auspices of Division 1, NDRC and
under the direction of Dy. E. J. Workman, then head of the Department
of Physics. The prime purpose of this article is tc aid anyone in the
0ffice of the Chief of Ordnance or in the Bureau of Ordnance who may be
going over this work in connection with future development. To that
end, information has been included that is not contained in the regular
contractors! reports, a list of which will be found in Table VIII.

The reader will find that the article is more detailed in some parts
than in others, and that this apparent emphasis is not related to the
importance of the particular phase of the work emphasized. A word of
explanation is in order. The work that resulted in this article was
begun with an entirely different purpose in view, and a good deal of the
information had been assembled, and much of the writing had been done,
before the writer was asked to prepare this article. Time was not
available to go over the ground again with the new purpose in mind or
to rewrite what had been written. In addition, more detailed informa-
tion was avsilable to the writer about some phases of the work than
about others.

The article is not intended as a critical survey of the work or
thinking. Neither the time nor the technical files that would have been
needed for this have been available. The article was prepared in snare

time; on week ends and in vacation. The technical files that would have
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been necessuary were no longer accessible; some of the files of classi-
fied documents had been returned, and others simply could not be
located because of the disorganization resulting from & number of moves
and condensacions of the files of Division 1, NIRC.

The writer, acting as a consultant to Division 1, NDRC, had more
or less familiarity with the work done by the University of New idexico
from the cutset until September 30, 1944, during which period all the
research and development was done. (After July 31, 1944 the contract
was for testing only.) The information on which this article is based
is contained principally in the reports made by the contractor to
Division 1, NDRC, supplemented by information from the writer's corres-
pondence files. Copies of tne contractor's reports are on file in the
Office of the Chief of Ordnance, in the Bureau of Ordnance, in

Division 1, NDRC, and in the OSRD Liaison Office.

J. W. Greig'

August 24, 1946
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WORK ON SABOT PROJECTILES BY THE UNIVERSITY OF NEW MEXICO

UNDER CONTRACT OEMsr-66& AND SUPPLEMFNTS, 1952 = 1944.

INTRODUCTION

When wn..b was later to be known as Division 1, NDRC was first
set up in the spring of 1741, as Section A of Division A of NDRC,
one of its assignments was the achievement of practical high velocity
projectile flight. One way that had long before been suggested to
increase the muzzle velocity of projectiles fired from already exist-
ing guns was to use a sabot, and by this means fire a lighter pro-
Jectile than the one normally fired from the gun. 4 sabot projectile
consists of a projectile of smaller caliber than the gun held in
a sabot that fills the bore holding the subcaliber projectile cen-
tral in the bore and carrying the subcaliber projectile with it when
it is Jdriven forward by the propellant gases. When the projectile
leaves the gun bore the sabot separates from the subcaliber projectile
leaving it free in flight. Wher the subcaliber projectile is to be
stabilized by spin this 1s transmitted to it through the sabot.

In the summer of 1942, a theoretical examination of the limi-
tations imposed on the design and on the ballistic performance of
such projectiles by stability requirements was made by Critchfield
at the CGeophysical Laboratory;/.

As a result of this study, it became evident that by firing

subcaliber projectiles of high density and good armor penetrating

SR M MR M sa e o mm e st e Em eE e e B e e AR e e e e e e e e

1/ "Stability of Subcaliber Projectiles." Charles L.
Oritchfield. NDRC Report A~88, September L, 19.42.
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properties (non deforming), by means of sabots, much higher muzzle
velocities, accompanied by stable flight, much increased armor pene-
tration; shorter times of flight and {lalter trajectories, could be
realized with many existing rifled guns, provided the mechanical prob-~
lems involved could be solved. Cemented tungsten carbide projectiles,
or projectiles with cores of tﬁis material, had the density required
and gave promise of satisfactory behavior against armor. Provided
that the accuracy of this iype of projectiie could be made equal, or
nearly equal, to that of the conventional projectile, it appeared
to have several advantages over the latter in the attack of armored
vehicles such as tanks. Not only could it defeat heavier armor, but
also the chance of hitting with the first round or so would be great-
ly increased, because the shorter time of flight and flatter tra-
Jectory would require a less accurate estimate of lead and range.
Steel subcaliber projectiles offered less advantage in these
respects than tungsten carbide or tungsten carbide cored projectiles.
In some guns, indeed, steel subcaliber projectiles could not be used
for the twist was too low to stabllize them. Nonetheless, in other
guns a real advantage appeared possible by thelr use agalnst tanks.
In the other fields considered, for example in the antiaircraft
field, the advantages that could be gained lmmediately, by the use
of sabots, did not appear to be as great as in the antitank field.
There was at that time an urgent need for better performance a-
gainst tanks than the guns and ammunition in use were capable of,
Moreover, antitank projectiles were among he simplest projectiles
in use and antitank subcaliber projectiles could therefore be ex-

pected to put fewer restrictions on the sabot than most others, and
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such projectiles were of moderate size and would for this reason be
easy to produce for experimental firings. If they could be success-
fully developed there nsed be no great delay in putting them into
service as no modification of guns or of fire control equipment would
be required. These considerations made the entitenk field a good

one in which to make a beginning with sabot projectiles.

Although the theoretical examination had shown that a very
material improvement in actual performance against tanks was to be
expected from the use of the sabot in exdsting guns, there remained
a question about the extent of the limitation to the tactical use of
such projectiles that would be 1imposed by the fact that the dis-
carded sabot or its parts would follow different paths Lhan the sub-
caliber projectile.,

In the spring of 1942, British and U. S. Ammy officers, familiar
with British experience in Libya were consulted. They were agreed
that this characteristic would not have limited the use of sabot
projectiles in the tank battles in that theatre, and that such pro-
jectiles would have been most valuable hecause of their increased
penetration. This led immediately to the commencement of experimental
work aimed at finding a mechanically satisfactory type of spin stabil-
ized armor piercing sabot projectile for use in existing guns, first
at the Geophysical Laboratory, and soon after (August 10, 1942) at
the University of New Mexico.

The work of the Geophysical Laboratory on sabot projectiles will
not be discussed here. For information about it, reference may bhe

made to the reports listed in the footnotagf. Throughout the course
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of this work ideas were exchanged freely between the persons working
on it at the Geophysical Laboratory and at the University of New
Mexico.

The work done atthe University of New Mexico has been reported
in detall in Monthly Progress Reports, and a series of Final Reports
has summarized the work done under the original contract and under
the different supplements to that contract. In additien several
gpecial reports have been prepared. These reports are listed in
Table VIII. The following notes will form a more or less connected
outline of that work and will provide more background to scme phases
of the history of the work than appears in the reports. They may
therefore be useful to anyone going over thal work in connection with
future sabot developments.

The work done by the University of New Mexico on the development
of sabot preojectiles may be divided roughly into phases on the basis
of the immediate purpose of the work. In general these phases fol-
lowed each other but there was a good deal of overiap. In desecribing
the work, however, it will be convenient to divide it into these phasea
and to treat each separately. This plan is followed in these notes

(See Table of Contents).

- em as e =R R AR eS s M MB WR LW WE R R MR SR e Lm AN WS W Sm @S e e o wm e em W

2/ Division 1, NDRC has supplied the following list of reports

on sabots from the Geophysical Lsaboratory. -

NDRC Report A-88 (OSRD No. 870), "Stability of Subcaliber
Projectiles by C. L. Critchfield.

NDRC Report A-233 (OSRD No. 2067), "Development of Subcaliber
Projectiles for the Hispano-Suiza Gun" by C. L. Critchfleld
and J. MeG. Millar.

Part D of some monthly progress reports on contract OEMsr-51
from the Geophysical Laboratory.
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The first work done by the University of New Mexico was es~
sentially an exploratory investigation of sabot mechanisms and of
materials for their construction, in an effort tc obtain a satisfactory
sabot for use with an armcr piercing antitank projectile. By the
end of 1942 a basic design had been arrived at that was mechanically
fairly satisfactory, and it had become evident that the work should
now he aimed at making a definite projectile for a definite gun.
Refinements of design to give iiaproved performance could be expected
as the work progressed.

The next phase was the development of a sabot by which to fire
a standard 57-mm steel armor pilercing projectile, the APC M86, from
the 75~mm gun. So successful had the basic work been that the design
and development of this projectile was carried out in a very hort
time. A lot of seventy of these projectiles was supplied to the
Ordnance Department. Théy were tested at Aberdeen Proving Ground
in July 1943.

The next phase of the work was the development of an armor pierc-
ing, and of a high exploslive sabot projectile for the 105-mn Howitzer
M3. This work began in August 1943. It involved, not only the
development of the two sabots, but also, the experimental determina-
tions of the traj)ectories and the measurement of the stability fac-
tors of several projectiles. Lots of both types of sabot projectiles
were made up, and then supplied to the Army for trial; the lot of
high exblosive projectiles in February 1944, the lot of armor pilerc~

ing projectiles in March 1S94i.
The next phase of the work was the slight modification of the

design that had been developed for the 75-mm pun, and the production,
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and -~upply to the Army, of a lot of sabot projectiles made to this
revised design for use in the 75-mm Pack Howitzer.

The next phase was the development of a sabot projectile with
a tungsten carbide core for the 76-um gun fitted with a muzzle brake.
This projectile had to pass through the brake without interference,
then separate close to the muzzle., Twenty-five of these were made
and supplied to the Ordnance Department for test.

After this had been done, the research and development work of
the University of New Mexico on sabots was terminated because of the
press of other work. However, alid was furnished to Division 1, NDR
in the procurement of addiﬁional sabot projectiles for the 76-mm gun.

Some work was also done in cooperation with Arthur D. Little,
Inc. in exploring the possibility of molding plastie parts of sabot
projectiles. This properly is a part of the first exploratory phase

of the work.

EXPLORATORY WO

Sabot Mechanisms and Materials of Construction

. P-'

The first work at the Universlity of New Mexico was the exploratory

investigation of sabot mechanisms and materials of construction. The
reports covering thisa/ show the evolution of the design that was

later used in subots for the 75-mm and the 105-mm Howituers, and also

- em em wm e MR ma M R A e am A mm e TR ey #m R M4 M mm me e e Gm ew MR e em me e S e

3/ First Progress Report, covering the period up to the end of
October 1942, Second Progress Report, covering the neriod November
1 - 28, 1942. Special Report, December 28, 1942. Fourth Progress
Report, April 21, 1943, This report contains a review of that part
of the earlier work leading directly to the sabot projectiles devel-

.
ered for servicc gunc.
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the reusons why the materials used were first chosen.

During this period, two guns were available for experimental
firing at the University of New Mexico's Proving Ground: a 20-mm
(lispano) automatic gun M2, and a U. S. Navy 6-pdr. Mk VII Mod. 2&(
Almost all the firing was done with the latter gun.

The first style of sabot tried was the simple deep cup type in
which air drag is depended on to bring about separation in flight.
The First Progress Report,'covering the work to the end of October
19/,2 contains drawings of several such sabots and statements of the
results of tests. The first of these designs, 2-20, for the 20-mm
Hispsno, was a simple steel cup into which the rear half of the
cylindrical section of the subcaliber projectile fitted. Two were
fired. In one case the projectile tumbled, in the other it had not
separated at 30' and no record was obtained beyond this. The next
cup sabots mentioned, 2-57 and 2-57A, were of dural and for the 6-pdr.
Mk VII. The first was a simple cup. Two models were fired. In the
first model the subcaliber projectile was not fasteneq to the sabot.
On firing, it punched through the base of the sabot. In the second
model it was fastened in place. Ceparation did not occur. The second
desipn 2-57A had a simple leaf spring release added. Two wers fired
and both separated. There is no statement about the yaw, but from
other statements in the report both subcaliber projectiles presumably
tumbled. Two other designs that might possibly be classified as cup

S e Sa e Om Em B e A EE dn S Am m e s Gw e AR et me e e S B S Gm me we e e A v e

L/ The é=pdr. Gun Mk VII Mod. 2 has a bore of 2.244 in. (57-mm).
Shot travel is 90.6 in. Chamber capacity is 50.10 cu. in. It fires
& 6.02 1b projectile with a muzzle velocity of 2240 ft/sec using a
charge of 560 graus.
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type sabots are deseribed in this report. However, these designs
tested the suitability of fibre and plastic materials rather than
the operation of the deep cup sabot. The next experiments with deep
cup designs that are recorded in the Progress Reports were made when
working on the sasbot for the 76-mm gun with muzzle brake.
Speaking of the deep cup sabot, the First Progress Report con-
cludes (p 3):
., ...s it has, however, a high ratio of sabot mass to total
mass, and is subject to the same compressive stresses as
the base of the projectile.”
The Fourth Progress Report summarizing the results with the deep
cup designs says (p 7):
“"None were successful for two reasons: (1) The stress on the
base of the sabot due to the projectile was greater than the
material could stand without raising the ratio of sabot to total
mass to a prohibitive value, (2) The release of the precjectile
was not smooth enough to avoid subsequent projectile instability.
At this stage dural (175-T) was being used for the sabots be-
cause of the hich static strength - weight ratio.®
The conclusion that the ratio of the mass of the sabot to the total
mass, in this type, was prohibitive is evidently based on design studies,
a number of which were made after the firings reported in the First
Progress Report. The designs shown in that report were tried simply
to Investigate the operation, no effort being made to lighten them
by removing metal where it was not needed.
It may be noted here, with respect to the separation of sabot and
subcaliber projectile in flight, that a good many firings of deep cup
sabots had been carried out by the Geophysical Laboratory and that

no design of this tvpe tried there had given satisfactory operationz(

e mm wm mw G e s e e G e e e A Gm M e e b et e M wn Ge ma AR . e em ee e mw e

g/ During the fall of 1942 end the spring of 19,43 the Geophysical
Laboratory fired a good many sabots of this type in an effort to achieve
{Concluded on page 9Y)
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In the period covered by the First Progress Report some atten-
tion was paid to projectiles designed to be stabilized by placing
the center of pressure well behind the cen%er of wass. By applying
the thrust from a sabot at some polnt, or points, well in front of
the base of the subcaliber projectile the compressive stress in the
walls of the projectile at a given acceleration is made less than 1f

the thrust from the sabot were applied on the base. In this way the

o e e mm M WM W R M BN EM em e R S Em S SE SR WA e e Gm M e e e m mw me Re Am

5 - Concluded/
successful operation in the 20-mm Hispano. A great deal of trouble
was experienced that was believed to be due to large yaws before separ-
ation. The centrifugal type of sabot was found to be so much more re-
liable than the deep cup or axial type that the latter was abandoned.
"0f all the designs of axlal sabots, there were none that were success-
ful. It was found that it is possible to have the sabots separate
either by drag alone, by gas pressure, or by a small charge of black
powder, but in each case the sabots usually separated with « large
yaw." WNDRC Report A-233 (OSRD 2067) p. 38.

Later, after the adoption of muzzle brakes for British guns, the
develooment of deep cup or pot type sabots was begun in (Canada at
Valcaxr“ier by the Artillery Proof and Development Establishment. In
order to minimize the effect of initlial yaw on the subcaliber projectile
during separation, these sabots were designed so that only a short
relative motion of the subcaliber projectile and the sabot was re-
quired to separate the two to such an extent that they could be in-
clined several degrees relative to each other before they interfered.
Separation was aided by the expansion of propellant gas caught in a
small chamber in the base of the sabot. This was done so that sepa=-
ration might take place with a minimum of interference when the pro-
Jectile was yawing, The writer saw some of the early models fired
at Valcartier in the fall of 1943 and thelr performance was encourag-
ing. Considerable development work was subsequently carried out on
sabots for the 6-pr. and 17-pr. and reports were issued covering the
work. These reports are not at hand at, this time, however, hence
the writer is unable to say how well these designs function vhen the
gun is worn and there is considerable initial yaw.

Later, in December 1944, the Remington Arms Company, who had
been working on centrifugelly operated sabots for the 76-mm and 90-mm
gunie, abundoned them in favor of deep cup type sabots, and developed
such a sabot for the 90-~mm. They appear to have been strongly in-
fluenced in this choice by the results obtained with this type at
Valcartier, and by the experience there with proof firing of British
6-pr. and 17-pr. sabots. The Remington work will be referred to
in more detail later.
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length of projectile that can withstand a given acceleration may be

increased, and long narrow projectiles can be fired by means of a

SO.L8 3 PEM

sb=ssuuiagd., The retardation of such a projectile can be made less
than that of the normal spin-stabilized projectile of the same mass,
and consequently the range for any given MV can be increased. Such
projectiles cannot be spln-stabilized. Stability must be cbtained
by getting the center of pressure behind the center of mass. When
fin~-stabilized they should receive, at most, a very small spiné(
Two projectiles designed to seal the bore but to transmit very little
spin to the main body of the projectile are described. OSpins as low
as 12 r.p.s. at an MV of 2160 ft/sec, and 4 r.p.s. atian unstated MV
were obtained with these projectiles fired from the 6-pdr. Mk VII.
Some firings of long narrow projectiles were also made, but none were
successful. Projectiles of this shape are, of course, not adapted
to punching holes through armor, but they have application in carrying
high explosive. No further experiments of this kind were reported
in subsequent Progress Reports.

The first sabot projectile that resulted in satisfactory tiight
was fired on November 2, 1942. This was a projectile designed so
that the sabot was thrown off in parts, by centrifugal force, on

emerging from the muzzle. The sabot consisted of two segmented steel

W EN W N M SR em Ee M me Mm wn e AE We SN M MR M G M AR W M an s W M e e @A W e

é/ Some smell spin appears to be advantageous in reducing dis-
persion. Without any spin, an asymmetry in the projectile that did
not itself produce spin would continuously bend the trajeciory in
one direction. Spin would result in a corkscrew motion instead.
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rings, fitting into grooves in the body of the subcaliber projectile,
and held in place there by copper bands, of which the rear formed

the rotating bend, and the forward the bourrelet. When this design
gave satisfactory results, attention was directed to improving it.

The first improvement was to change the bourrelet surface, bearing
against the bore, from copper to steel. Next, because the forward
groove in the body of the projectile would be particularly bad for an
armor plercing projectile, it was eliminated. The bourrelet was now
supplled by a sleeve surrounding the subcallber projectile, from the
rear segmented steel ring forward to the beginning of the ogive.

This sleeve recelved its thrust directly fom the segmented steel ring
at the rear. Varlous materiais were used successfully for the sleeve,
dural, wood, plastic. The first sleeves wer: segmented and held in
place by steel bands that burst under centrifugal force. Later they
were pertially segmented by slits from the inside, and the metel bands
were omitted.

The rear segmented steel ring waes now modified. Instead of cut-
ting a deep groove in the projectile to hold the ring, the prbjectile
was threaded and corresponding threads cut on the ring. This decreased
the welght of the sabot and greatly reduced the depths of the cuts in
the projectile. The threaded steel ring was now in some cases com-
pletely segmented and held together by the rotating band as before.

In other cases it was partly segmented by rediel slits cut from the
inside, and was held together by the steel remaining between the slits

and the outer surface. Copper wire was hammered into these sliis to

seal them against gas.
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This design led directly, by & modification in the arrangement
of the slits that partially segmented the threaded base ring, to the
designs used later for the 75~-mm and 105-mm sabot projectiles supplied
to the Army for test.

The testing of materials during the early experimental work re-
sulted in the adoption of steel and plastic, and the abandonment of
dural as materials of constructlion. It is of interest to examine the
record to learn the reasons for this so far as they concern dural and
plastic.

At the outset, because of the importance of getting a light-weight
sabot, dural (17S-T) was experimented with. After a number of dis-
concerting failures, however, its use was soon abandoned (First Progress
Report, November 1942), except as asleeve type bourrelet. Later, this
use was also discontinued and plastic was used instead, "because of
the unfavorable weight of Dural as compared with plastic or wood"
(Second Progress Report, December 1942).

The tests that resulted in the abandonment of dural except as a
material for bourrelet sleeves were of two kinds: first, actual fir-
ings of experimental projectiles in which dural was used, and second,
measurements of shear strength.

Let us consider the firings of experimental projectile first.

The record of these 1s contained in the First Progress Report. It is
stated on page 4: "It appeafs from our tests that the strength of
Dural is markedly reduced by exposure to the breech temperatures with
the result that compleste failures of Dural have ocecurred under stresses
far below its static yield point.(6) Samples of sabots have been re-

covered in which the yield had the appearance of thermo-plastic flow.(7)
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This point requires further investigation." The reference (6) refers
to tests of designs 22-57, 27-57R, 2-57, and 18-57, while (7) refers
to tests of design 22-57.

Let us conslder the projectile tests referred to.

18=-57. This was a test of dural as a material from which to make
rotating bands. The projectile was a stendard steel projectile for
the 6-pdr., Mk VII with & cup of dural, on which the bend had been
formed, threaded to the base. The projectile was recovered and ex~
amined. The band failed to seal properly. This experlence is in
agreement, wlth experience elsewhere that dural is unsatisfactory as
a rotating band. The surface of the dural in contact with the bore
almost certainly melts, and if any gas under high pressure can escape
past the band it erodes badly.

2-57. This was a simple dural cup sabot with a lead-wieghted
steel subcaliber projectile. The subcaliber projectile punched through
the base. However, in this case the subcaliber projectile was not
fastened in place in the sabot. In a second test, with the projectile
fastened in place, this did not occur. If, as appears quite possible,
the base of the subcaliber projectile was not seated against the sabot
when firing occurred, the force exerted would be increased and the
subcaliber projectile might then punch through the base without the
strength of the base being in any way below the rated strength. This
appears to have occurred in much later work at the University of New
Mexico. It happened a number of times at Aberdeen Proving Ground in
firing 90-mm sabot projectiles with steel base plates.

22-57 and 27-57R. These projectiles were essentially alike ex-

cept for the length of the subcaliber projectile, The sabot here
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conslsted of a rear ring of dural, the outer surface of which was
formed into & rotating band, and a forward ring of dural that acted

as the bourrelet. At each end of the subcalibexr projectile a sec~
tion had been turned down and threaded. The dural rings were threaded
to these reduced section:s and screwsd up tight against the shoulders.
The rear ring was then flush with the rear face of the projectile,

and a steel plece, the full diameter of the subcaliber projectils,

wag attached to the rear of the subcaliber projectile so that it
covered the junction between the dural ring and the subcaliber pro-
Jectile. Although the drawings do not show it, the rings were pre-
sumably partly segmented from the inside, so that they would be broken
" up by centrifugal force once they left the gun. One model of 27-57R
was fired. The Report reads: iikecovery of fragments of the rings
showed definitely that the sabot collapsed in the gun. The Dural ap-
peared to have melted or to have sheared in a semi-fluid state. From
this test, that on 22-57, and on 18-57 (g.v.) it is evident that dural
(175-T) is not a dependable material for use when exposed to powder
temperatures and may (see 2-57) have a much lower shear strength under

suddenly applied loads than under static conditions.ﬂz/
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7/ Mthough & great desl of work was done during the war both
in U.K. and U.S.A. in determining the change of strength of various
metals and s8lloys with change in rate of loading, and many reports
on the work were published, very little information on this subject
was avallable at this time to those working on sabots at the University
of New Mexico. This was in part because much of it had not yet been
published, in part because the applicatlion of the regulations com-
partmentalizing classified information effectively prevented the wide
and rapld disseadnation of such informatlon among those nceding it.

The writer has seen a number of papers on this subject but, so
far as he can recall, none of those seen dealt directly with shear
and none gave any indication of a reduction in strength of dural such
as suggested here.

(Conzluded on page 15)
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It was not proved that the failure of the dural was the cause
of the failure of 22-57. This was surmised because € the proved failure
in the case of 22-57R. |
There is a characteristic of dural that, at the time, was prob-

ably not known to the men doing the experimental work, that may

possibly explain the failure of 27-57R, and that almost certainly

does explain the appearance of the recovered fragments. When hot

7 Concluded/

? Alist of NDRC reports on "The Behavior of Metals under Dynamic
| Conditions" is given under project NRC-82 in OSRD Report No. 6604.
- Work on this subject was also done in U.S.A. by the Naval Re~
search Laboratory and possibly also by other organizations.
For British reports on this subject, the reader may consult
the Subject Heading List of British Reports being prepared by the
‘ Liaison Office, 0.S.R.D.

Mention mey be mede of a few reports:

OSRD Report No. 4343, November 1944, "Behavior of Metals under
Dynamic Conditions (NS-109), Mechanics of the Dynamic Performance
of Metals," by D, S. Clark, D. H. Hyers, D. S. Wood, and P. E.
Duwez, gives a theoretical discussion of the subject.

OSRD Report No. 3837, April 19,4, "Progress Report on Behavior
of Metals under Dynamic Conditions (No~1l) (NS~109), Influence
of Impact Velocity on the Tensile Properties of Some Metals and
Alloys," by P, E. Duwez and D. S. Clark, gives data on the tensile
strength of 17S-T and 245-T. ‘These data show a slight increase
in ultimate tensile strength under dynamic conditions over that
under static conditions, 7 percent for 17S5-T, 5 percent for
24,5-T, :

Naval Research Laboratory, Mech. and Flec. Div. -- Ballistics
Section Report No. 0-2531, May 1945, "Bend Testing at Ballistic
Speeds, First Partial Report Problem 0-46, Technique and Survey
of Typical Results," by Herschel L. Smith and Arthur E. Ruark.
Confldential, This paper contains an appendix "Survey of Work
on Dynamles of Plastic Flow.

Naval Research Laboratory Report No. 0-2532, which is the second
partial report on Problem 0-46, "Tests of Magnesium Alloys and
24,8-T.m" Confidential.

It is understood that a third paper, N.R.L. Report 0-2700 by
H. L. Smith and Edwin Burns, is in preparation.
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powder gases stream over dural at high pressure and velocity they

erode the dural with extreme rapidity. Great quantities of the metal
may be removedé/ and the surface of ths remaining metal will appear E
washed and melted, If this movement of the gas over the surface is
prevented by adequately sealing the gas, no such effect occurs. It

is by no means clear from the drawings that the dural rings were

effectively sealed against the passage of the gas. If not, erosion
may well have weakened them to thc point of fallure.
i The firings of experimental projectiles, then, did not actually
show that the strength of the dural was lowered.
The second type of test of dural was the measurement of shear
strength. This was carried out (1) statically, and (2) by applying

the pressure, developed in the chamber of the 6-pdr. Mk VII on firing,

to the shéaring of 0.05" thick dural, (&) with the dural protected
from the gas, and (b) with it exposed directly to the gas. The fol-
lowing results are quoted from page 37 of the Fourth Progress Report,
April 21, 1943.

P T S TSI Y R
O 1 N o cITVRAE: KAt rati- o 11

; Exposed to powder gases strength less than 11,000 p.s.i.
|

Protected from powder gases strength between 22000 and 33000 p.s.i.
. Statically 42000 p.s.i.

; The report contalns a drawing of the device used for holding dural

so that a series of circular areas of different sizes were exposed

to the pressure, but gives no other details of how the experiments

were performeds
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8/ See the results obtained at the Geophysical Laboratory in bLesting
the erosion resistance of metals using a vent through which the gas from
a charge of powder exploded in & small chamber was allowed to escapa.
"Metals Tested as Erosion Vent Plugs" 0. H. Loeffler, G. Phair, and
H. S. Jerabek, NDRC Report A-148.

S w ewm e aw M A UM MR e mm MR M e MR A M mm W e e e S M e Wm Mm W e ae e see

CONFIDENTTIAL

aw

—_—




R M ) AR AR S AT A B A

I Al g

-17 -

CONFIDERTIAL

Later greater thicknesses were tested. NDRC Report A-234, page

| 56, reads as follows:

"Attentlon should be drawn t.o some unsuccessful attempts
to use dural for sabots. This material naturally recommends
itself to the sabot designer by its high strength-~weight ratio.
However, this high ratio is not maintained at elevated tem-
peratures. Tests made at the University of New Mexico show
that (at least in sections up to the order of 0.125 in. thick-
ness) the shearing strength of dural exposed to the powder
gages 1s only one-fourth the shearing strength it exhibits
under static loading at room temperature. The effect is pos-
sibly due to two things: (1) ordinary heat conduction into
dural from the hol powder gases, and (i1i) a thermitic type of re-
action between the dural and the powder gases that apparently
liberates lange quantities of heat at the surface of the dural.
If the dural is insulated from the powder gases, neither effect
occurs, and successful insulated sabots of this type have been
made. Also, if the dural is in massive sections it is probable

" that nelther of these effects will materially weaken the sabot.

In this connection it i1s only fair to point out thal other
designers, notably C. L. Critchfield% , have used dural with
some success even when it is exposed directly to the powder
gases. "

In this the idea that the strength of dural may be lower under
rapidly applied than under static loads, which was earlier considered
as a possibility, has been dropped, and an increase in temperature is
considered to be the cause of failure. No calculations of the probable
temperature gradient within the dural appear to have been made. In
their absence one may remain doubtful that the temperature of the thick
sections involved in the sabots could be raised significantly through
thermal cunductivity in the short time available.

Much later, in the work on a sabot for the 105-mm Howitzer M3,
dural was again tried as a ring to transmit thrust and torgue, and

was again abandoned because of mechanical failure. In these designs,

e oM m W em o MR em s M e Am a3 iy m A o e MM AR mm en e e b mm Tm WA R e e e

9/ At tre Geophysical Laboratory, C.I.W. See C. L. Critchfield
and J. McG., Millar, "Development of Subcaliber Projectiles for the
Hispano-Suiza Gun," NDRC Report A-233 (OSRD No. 2067).
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however, the factor of safety was very low indeed (Report of 10
March 1944).

T™e following data on alloy 175-T have been extracted from the
Aluminum Company of America's booklet "Aluminum and Its Alloys" 1946.
In calculating the forces acting on the projectile, the pressure
values obtained with copper crusher gauges must be multiplied by a
factor which for the service type of gauge is usually nearly 1.2 and

for the copper ball gauges used in the early work at the University

of New Mexico is probably still greater.

Table I

Mechanical Properties of Alloy 17S-T

Yield Stren§th Ultimate Flongation  Shear
(set 0.2% Strength y 4
1b/in® 1b/in? 1b/in?
Typical values 40000 62000 22 38000
Minimum values for specifications
rolled rod 0.125" - 8.00" 32000 55000 16
Typical values at elevated
temperatures (after prolonged
heating at testing temperature)
75°F : 40000 62000 22
300°F 35000 41000 18
L0OCF 11000 17000 33
500°F 7000 10000 50
600°F LO0O 6000 80
TO09F 3000 4000 100

Modulus of elasticity 10.3 x 10° 1b/in? (approx.)

Density 0.101 1b/in3

CONFIDENTTAL
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The use of dural as a materlal for the sleeve type bourrelet
was at this time considered to be successful, but was discontinued
the unfavorable weight of dural as compared with plastic.
(Second Progress Report.)

Wide experience with dural has shown that when used as a
bourrelet it has little rcsistance to deep engraving which occurs
especially when the gun becomes somewhat worn. However, a steel band
over the dural, to act as a bearing against the hore, removes this
difficulty. This arrangement has been used successfully on both U. S.
and British service projectiles. It was adopted later by the Univer-
sity of New Mexico indesigns of all metasl sabots for the 75-mm gun and
howitser and for the 105-mm howitzer. It was also used in experimental
sabot projectiles for the 76-mm Gun MLA2. In this case however,
Dowmetal proved satisfactory and was adopted because of its lower
density.

Plastic was tried first as a sleeve type bourrelet. It was found
that certain plastics used in this wsy showed no tendency to fail in
the mon and did not engrave deeply. A good desl of effort was then
put into investigations of plastics for use as sleeve bourrelets and
even as complete sabots.

Information and samples were obtained, in meny cases by inter-
views with plastic experts in government bureaus and other organizations,
and tests were made both statically andin the gun. The Fourth Progress
Report lists a number of plastics tested and states (n. 3%): VAs
bourrel et material, serving solely to guide the projectilé in the gun,
it wag found that almost 21l material listed would serve satisfactorily,

from dural to wood. The laminated phenolics, pertlcularly Dilecto C,
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proved most satisfactory. If, however, the entire sabot is to be
made of plastic, very few materials appear to have adequate strength
combined with a suitable low density. The laminated phenolics, with
laminations perpendicular to the axis of the projectile are the most
satisfactory.”

A table listing shear strength of eight plastics is given and
another listing the shearing strength of threads cut in vsrious plastiecs,
10, 20, and 40 threads per inch.

The tests of plastiecs reported in the Progress Reports, at this
time or later, are all either firing tests or tests of mechanical
strength. .No.long-term tests of dimensional stability are reported,
and none appear to have been made. One short-~term immersion test on
paper laminated phenolic tubing ASTM type XX (Textolite) was made.
about the middle of February 1944. The piece tested was several inches
long. The inside diemeter was 2.9", the outside dismeter ,4.153%. It
was boiled in water three hours, then let dry and cool at room tem-
perature for one and one-half hours., The outside diameter was then
L.156", It was then submerged in water at room temperature for 21
hours and let dry at room tmperature for two hours. The outside di-
ameter was then L.1l55",

A good deal of effort was spent both by the University of New
Mexico and Arthur D. Little, Inc. in attempts to make all-plastic
sabots. This is treated sepsrately in th2 next section. Efforts
were also devoted to producing sleeve type bourrelets and complete

sabots by molding plastics. This is also treated separately.
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Al1-Plastic Sabots

During the fall of 1942 and the first half of 1943, a good deal
of work was done in an effort tc develop an all-plastic sabohlg(

The idea appeared attractive. If it could be aeccomplished it would
regult in a light sabot, and if the sabot could be wmolded in place

it would be easy to manufacture. The idea was to have the thrust
transmitted from the sabot to the subcaliber projectile over the whole
length of the sabot. To this end, the subcallber projectile was groov-
ed or threaded over the full length of its cylindrical section, and
corresponding grooves or threads were formed on the plastic sabot. The
rotating band was ususlly of copper and was attached directly to the
plastic, but in a few cases plastic rotating bands integral with the
sabot were tried.

The first sabots tried were machined from block or tubing. Later
Arthur D. Little, Inc. made a number by molding. The results of fir-
ing tests were erratic, and the work was stopped without the reason
for the failures belng definitely determined. Under these circumstances
and because of the availability of the two NDRC reports referred to a-
bove, a detailed account of the work will not be attempted here. It

is in order, however, to consider some of the problems that confronted

the efforts to develop such a sabot.

10/ The chief sources of information on this -art of ihe work are:
Lth Progress Report Contract OEMsr-668, April 21, 1943,
Progress Report for June 1943, July 8, 1943.
Progress Report for July and August 1245, Soplteanber 7, 1943
Final Report Contract OFMsr-0668, Supplements 1, 2, and 3, March 10, 1944.
NDRC Armor and Ordnance Report A-234. This was written July 1943.
NDRC Armor and Ordnance Report A-278 (OSRD Wo. 3832), "Molded Sabots

for Projectiles," by Arthur D. Little, Tne., June 6, 1944.
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Table II

Properties of Phenol-Formaldehyde Plastics<1)

Compressive Tensile Modulus of  Water Ab- . Speecific
Strength Strength  FElasticity sorption(~) Gravity
in Tension
1b/in? 1b/1n? 1b/in< percent
Laminated
Cellulose Paper
Base 20—40:-:103 7-25x103 4-30x10°  0.3-9.0 1.30-1.36
Cotton Fabric
RBase 30~41, 8-12 3.5-15 0.3-9.0 1.30-1.36
Glass Fabric
Base L4R~47 11.5-40 10-20 0.3-2.3 1.4-2.8
Cast
No Filler L4~25 2--9 I 0.02-2.0 1.26-1.335
Mineral Filler 29-34 4=9 0.12-0.36 1.68-1.70
Asbestos Filler 6-10.5 1.8-2.5 10 1.6
Molded
No Filler 10-30 7-10 7-10 0.1-0.2 1.25

Wood Flour, and
Cotton Flock

Filler =32 6.5-9.5 10.5-12.5 0.4-1.0 l.32~1.L7
Macerated Fabric _

and Cord Filler 15-=30 6-8 9-1} 0.5-1.8 1.34=1.47
Sisal Felt Filler 10-35 7-12 0.5-15.0 0.7 -1.35
Pulp Preformed 15~35 Le5=-12 9-15 0.2-1.2 1.39-1.45

(1) Data from Plastic Properties Chart —- Modern Plastics
Eneyclopaedia 1946,
(2) Measured on strips of 1/8" thickness, after 2/, hours immersion.

The strongest plastics available when the work was done were lami~
nated phenol-formaldehyde plastics, with a :tase of cellulose paper, or of
cotton or glass fabric. The glass fabric base materiel was not then a-
veilable in any quantity, end mechanical tests made on it did not indi-
cate a mechanical superiority over the orgenic base materials. The most
of the machined sabots were made from the cotton fabric base meterial.

The compressive strengths of the materials actuclly used for the mechined
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sabots were not measured but an idea of the maximum strengths can be
had from an examination of Table II, where the maximum values listed
are 40,000 and 44,000 1bs/in.

For the molded sabots nothing quite so strong was available. The
A. D. Little report gives the mamufacturers' figures for the compressive
strength of two of the molding materials used as 25,000 lb/in2, and it
will be seen from Table II that in all probshbility the third material
vo.c not matorially higher in compressive strength. It appears likely
that the stress required to cause fallure of a plastic depends on the
rate at which it is applied, and on its duration. About this, however,
no information is at hand.

The pressures to which a sabot would he exposed in arrent U.S,
Aymy tank and anti-tank guns are in excess of the compressive strengths
of these plastics. Table IIT 1 ists the rated chamber pressures for a
number of these guns. These rated pressures are the maximum pressures
that t+he ammunition will develop when the propellant is at 70°CF,
Some lots of propellant will give the rated muzzle velocity, at T0CF,
with a lower pressure, but these pressures will he developed at 70°F
by other lots. As the temperature of the propellant goes up the pres-
sure deveioped increases. In the case of the 7é6-mm gun, which is fairly
representative of guns of this type, the pressure~temperature relation-
ship is almost linear, the increase in pressure being 125 lb/in2 per

1°F inerease in temperature;;[ There was a requirement that ammunition
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11/ "High and low temperature bellistic research. First Progress
Report, Firings in 76-mm Cun M1," B. E. Anderszon and V. 8. McGilvray,
Ammunition Development Branch, Ordnance Department, July 3, 1943.
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Table III
Rated Preasures for Selected U. S. Army Guns, Propellant at 7Q°F.

Cun Ammunition Pressure 1b/in?
Copper Actual
(approx)
37m gun M3AL (A.T.) APC M51 50,000 60,000
57mm gun ML (A.T.) APC M86 44,000 52,800
75mm gun M3 (Tank) APC M61 36,000 43,200
7émm gun MLAL (Tank) APC M62 43,000 51,600

and MLA2 (Tank)
90mm gun M3 (Tenk) APC M82 38,000 45,600
105mm Howitzer M2 HE ML (5th zone) 30,000 36,000
The rated pressure is the meximum pressure at standard temperature
developed by the round in question. It is given in lerms of copper
gauge readings. Actusl pressures are approximately 1.2 times copper
gauge pressures. The figures in the last column were obtained by
multiplying those of the preceding column by 1l.2. Some lots of ammuni-
tlon will give the rated muzzle velocity with a lower chamber pressure.
Inerease in temperature of the propellant will increase the pressure

above rated pressure.

should function properly at temperatures as high as 135°F, and sactually
temperatures in excess of this may be developed in a round that has been
left in the chamber of a hot gun, or even exposed to the sun in some
localities. The pressure in the 76~mm gun at 135°F would be 8125 1b/in®
above the pressure at 709, i.e., the maximum pressure would be 51125
lb/inz. These pressurecs are stated in terms of copper gauge readings

and must be multiplied by a factor of about 1.2 to get true pressures.
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This raises the maximum pressure at 135°F to approximately 61500
lb/inz. The base of the sabot, behind the rotating band, is ex~

ssure of the propellant gas; however, the pressure

[l

5
at this point is somewhat less than the pressurs at the breech end
of the chamber, as some or all of the propellant is being accelerated.
The rotating band on the projectlle exerts a pressure against the
bore of the gun, and likewise of course against the projectile. The
peak of this pressure occurs during engraving which, in a new gun, be-
gins immediately afterthe projectile starts forward, and in any case
considerably before the peak chamber pressure is reached. The pesak
band pressure, in the case of standard projectiles is likely to be
materially in excess of the peak chamber pressure. No systematic in-
formation on this subject is at hand but the following deta will show
the magnitude of the pressure to be expected. In all cases the pressures
gtated are averaged over the whole width of the band. Local peak pres-
sures may be conslderably greater. In the case of the 37-mm gun M3 a
band pressure of 83000 1b/in? when firing was measuredlg{ Band pressures
measured when firing nine HE shell Mk XXVII Mod. 3 from the US Navy 3"
A.A. gun ranged from 59000 to 71500 1b/in?, averaging 65500 1b/in?. The
average of five measurements of band pressure in the 75-mm gun T22 firing
He shell M48 E2 was 65100 lb/inz, the high value being 71500 lb/inz, and
the low value 51500 1b/in<. In this case the gauge was about 2" beyond

the forcing cone. Pushing projectiles through instead of firing gilves
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;g/ "Stresses in Gun Tubes. Band Pressure Characteristics of 37-mm
M3 Gun 770-Tube Ne. 2928," R. Beeuwkes, Jr., Watertown Arsenal Laboratory,
Fxperimental Report No. WAL 730/95, May 5, 1944.
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values 10% - 30% lower than those obtained from measurements made dur—
ing firing the same projectile. Pushing the 75-mm AP M72 shot through
the Mi857 Lube geve a band pressure of 108300 1b/in?.2% The band
pressure is higher for the solid A.P. shot M72 than for the M48 E2 shell,
presumably because the AP shot being solid gives a less yielding support
to the band than the rather thin wall of the M48 shell. The small dif-
ference between the band pressures generated when firing and when the
projectile is pushed through suggests that the band pressure in firing
will not depend greatly on the chamber pressure.

A decrease in the diameter of the band, or what is equivalent to
it, improper seating of the band, leaving a space between it and the
bottom of the band seat, results in much lower band pressure. It seems
likely, therefore, that the pressure developed by a copver or gilding
metal band on a sabot of the type under consideration would be materially
less than the pressure that would be developed by the same band on a
stadard steel shot, for there is some play between the sabot and the
subgaliber projectile, and, in the case of the machined sabots, there
is also play in the threads between thz band and the sabot. In addition
the plastic is more compressible than steel. Each of these factors will

lower the pressure. There is a limlt, however, to the lowering that is

;2/ The informetion about the 3" and 75-mm projectiles was given
the writer informslly by Prof. Karl F. Herzfeld. For details see his
paper, NDRC Report A-455 in course of preparation.

The 75-mm gun T-22 was rifled differently than the ML897, M2, or
M3. The rifling was rectangular, the land width 0.1444%, the groove
width 0.1866", the groove depth 0.0305"., The bore diameter was 2.951",
The shell MA8 E2 was fitted with a plain band 3.020" diameter on the
cylindrical section, The length of the cylindrical section was 0.61"
and of the tapered section 0.25".
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practicable for there must be enough pressure to insure that the

band is properly engraved and it seems quite likely that the band

1%
)
f )
]
(]
[

imay equal or exceed the strength of the plastic.

In the all-plastic sabots described above, as in all other sabots
experimented with, the forward thrust of the propellant against the
sabot is not distributed along the length of the sabot but is applied
at the buse. ggggﬁggeéf the great difference between the plastic and
the steel in respect to the amount of strain produced by a given stress,
the forward thrust of the sabot on the subcaliber projectile cannot be
distributed at all uniformly along the sabot. Speaking of this, in
connection with the stress analysis of the all-plastic sabots designed
at the University of New Mexico, and comparing this analysis with that
for the threaded base ring sabot of steel, the authors of NDRC Report
A-23}, say on page 53 of that report: "Another essential difference is
due to the samll modulus of elasticlty of plastics (E is of the order
of 106 lb/in2 for plasties, as compared to 30 x 106 lb/in2 for steel).
This means that the strain for a given stress is about 30 times as large
for plastics as for steel. Hence the stress in the threads holding
the sabot to the projectile is concentrated in the threads toward the
base of the projectile, rather than distributed over the entire length
of the threads. The amount of this stress concentration is difficult
to predict, but the use of a safety factor of about 2 has resulted in
successful designs of this type."lg/

e WE E MN ws Gm s Em e ew e R SR e e e me e N M ae SN me Em @R R A Em we A e Em we

;%/ “Sabot Projectile for Cannon," NDRC Armor and Ordnance Report
A-234 (0SRD No_ 2012}, W. D, Crozier, H. F. Dunlap, C. BE. Hablutzel,
Tincoln LuPaz, and D. T. MacRoberts. The words “successful designs"
evidently mean that individual sabot projectiles made to the design
were fired successfully,
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Wnen one considers the stress concentrations that are likely to
occur from the complex stress distribution in the rear part of sabots
of this type it seems most improbable that any of the plastic materials
available when the work was done are sirong enough to work in the guns |
listed in Table III.

The work on all-plastic sabots was begun while the 6~pdr. ¥k VII
gun (57-mm) was the only test gun in use and the sabots were conse-
quently for that gun. The subcaliber projectiles used were solid steel,
1.2" in diameter, and of various lengths from 3.7" to 4.55". They were
threaded or grooved along the full length of the eylin drical section,
usually 10 per inch, as tests showed that the shear strength of the
plastic used was higher at 10 than at 20 per inch. The length of the
sabot depended on the length of the cylindrical section of the subcaliber
projectile, so was of various lengths from 2.0" to 3.1". The rotating
bands were usually of copper, threaded onto the plastic from the rear;
the pitch of the thread being almost always 20 threads per inch. A few
sabots with integral plastic bands were also tried. The report of April
21, 1943 lists, round by round, the results of firing 85 all-plastic

sabots from the 6-pdr. Mk VII. These include 35 separate designs. In

most cases only one or two projectiles made to a given design were fired.
In no case was the number greater than 10. The results were erratic
both in respect to chamber pressures and flight characteristics. The
only cause assigned at the time was variation in the nlastic. It seems
at least as probable that differences in the stresses set up from round
to round in the plastic, which at best must have been stressed nearly

to failure, account for the unpredictable differences in behavior.
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The molded all-plastic sabots nrepared by Arthur D. Little, Inc.
were also for the 6-pdr. Mk VII. The steel subcaliber projectile used
was 1.2" in diameler and 4" long grooved along the cylindrical section
10 grooves per inch., The plastic sabot was 2.5" lcug. The copper
rotating band was placed in the mold and so was attached during molding.

The results of firing these projectiles at the University of New
Mexico Proving Ground are given in NDRC Report A-278. The velocity,
the chamber pressure (copper), and‘the flight characteristics based on
the améunt of yaw, are stated for each round. The mass of the projectile
was essentially the same in all cases, and the same powder and weight
of charge were used throughout. A greater proportion of the projectilés
failed in the gun than had been the case with the machined sabots.

In the table in the report the rounds are grouped according to the plastic
used and other variants. Again-the results were quite inconsistent.
"Generally speaking, some of each group gave good flights and others

gave poor flights thereby making 1t impossible to compare intelligently
one feature with another."lﬁ/

It is possible, however, to see some system in the behavior. From
a plot of the pressure egainst velocity, for the rounds for which these
data are given, it is evident that the normal pressure with this charge

i.e., above the compressive strencth of the ploratic,
and these projectiles was about 24,000 1b/in® (copper),nand the normal
velocity about 3850 f/s. This is & much lower chamber pressure than
that used in current tank and anti-tenk guns. Although the normal pres-

sure appears to be about 24000 lb/inz, there is a wide spread tec the
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pressures listed, some being as high as 56,000 lb/in2. This sort of

thing is not infrequently wmet with when using standard projectiles and

is usually asslghed to faulty ignition of the pronellant.

The pressures stated for the individual rounds have been averaged
according to the flight characteristics and the values so obtained are
listed below in Table IV. The extremes of pressure and the nunber of

rounds included in the data are also listed.

Table IV i
Pressure, and ¥lirht Characteristics of ». U. %? All-Plostic Moleed Sabot
Flight Stated Chamber Pressure in 1b/in< (copper) No. of Rounds
Average High Value Low Value Included

Very Good 25,000 26,000 23,000 3
Good 28,350 56,000 22,500 13
Fair 28,400 32,000 20,000 L
Tumbled 43,300 56,000 32,500 5
Failed in gun 29,710 55,000 21,500 7

The data show a very definite assoclation of successful flights with

quite moderate chamber pressure, and of failures, i.e. failure in the
gun or tumbling in flight, with high chamber pressure. There are notahle
exceptions to this, however. Rounds that developed 45,000 1b/in? and g
56,000 lb/in2 gave good flight, and one round where the projectile broke
np in the gun developed only 21500 1b/in<.

The writer of the Arthur D. Little reporl abttributed the erratic
pressures to cocking in the bore. He says (p. 22):

"In nearly all cases of failure, the chamber pressure was ex-

ceedingly high. 3We are convinced that the cause of failure is orim-
arily in the geometrical vroportions of the sabot, which is 2.5 in.
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long and 2.2)4 in. in diameter, that is, with a ratio of
length to diameter of about 1 to 1. Such s cylinder can
easily get cocked in the bore, momentarily oluggine it

and cansing the high oressure, The high pressure in turn
in dislodging the shot may well start failures of the
material, which would never occur in normal oneration.
Many of the test firings of the similar sabot-projectiles
made by the Universityof New Mexico were subject to the
sane erratic behavior. It was therefore agreed to discon-
tinue furthor work on this size of projectile and sabot.”

Any increase in the resistance offered by the projectile to move-
ment up the bore during the early stages of the burning of the powder
will, by increasing the pressure on the powder, increase the rate at which
it burns. This will in turn give rise t an increase in the peak pres-
sure. No calculations have been made to find an approximate fipgure for

the increase in "starting pressure" that would be needed to raise the

LS,

Bl
w

peak pressure from 24000 lb/in2 to 56,000 lb/in2 and it is by no means
Considering gye strength ol the plastic, and
clear that cocking in the bor could do so. /in the absence of pres-
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sure data obtained from firing s series of standard orojectiles cut down
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to the weight of these sabot projectiles, using the same charge, showing
that this charge would in fact give uniform -ressures with a normal pro-
Jectile of this weight, it does not seem necessary to anpeal to this
mechanism to explain the erratic results.

After the lot of projectiles made to design, 28-75 D had been sent
to hberdeen, some more work was done at the University of New Mexico
on all plastic sabots, this time for the 75-mm pgun, M3. The Final Re-

nort, Contract OLMsr-668, Supplements 1, 2, and 3, contains drawings of

two designs, and the record of firing tests of ecoch. Both these designs

5

-,
&

o

had a partlally segmented bourrelel with a copper robabting band threaded 2%

4

’%

16/ imong the nrojectiles tried during the development of an armor Fa

plercing sabot prajectile for the 105-mm  hovitzer vere snae whose ratio =

of lenpth to dicmchor was only olizhtly greater thon thet of the wolded 4
all-plastic sabot projectiles.
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to it, 20 threads per inch. In one case the projectile was solid steel
1.6" dia 5.1" long. In the other case it was the 57-mm APC M86 projectile
threaded 10 threads per inch for 2.7" forward of the base. The plastic
extended beyond the threaded portion having a total length of L.5W.

Both models were unsuccessful. The projectiles tumbled in flight.

The report states: "The results of these and other tests were so un-
satisfactory that further consideration of all plastic designs for the
T5-mm gun was suspended. "

The 75-mm sabot 2-75 D with the M36 subcaliber projectile did not
differ significuantly in dimensions from many sabot projectiles with
plastic bourrelets, steel sabot rings, and the same subesliber projectile,
that had been fired successfully from the 75-mn gun. This eliminates
the matter of the cocking in the hore as a possible cause of the failure.
In some of the 2-75 D nrojectiles, the forward part of the bourrelet
was a separate plece of plastic of a kind used successfully meny times
for bourrelets for part-steel-part-plastic sabols. Fallure of this
portion of the sabot could hardly have occurred. Although some of the
steel projectiles used in the firings from tl.e 6-pdr Mk VII must, judg~
ing from their dimensions, have had at best but a smell margin of sta~
bility, the M86 when fired with full spin from the 75-mm gun at the
altitude of the University of New Mexico Proving lround (approximately

5000') has a good margin of stability, so that tumbling indicates that

i

p

&

the projectile did not recelve full spin. Tt appears likely that the

plastic of the rear part of the sabot failed under the band.

b F ol E R

From the experinental work it is evident thot the plastics used

would not stand up to the stresses encountered in either the 6-pdr

LY

¥k VII or the 75-mm g M3, Fron a comparison of band oressures and

]
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chamber pressures with the compressive strength of laminsted plastics

(Table IT) it appears improbable that these plastics arc strong encugh

ct

be used in all-plastic sabots fur spln-stabllized projectiles o be

”~
A

fired from »resent day runs.

Aiolding Plastic Parts

Following a conference in the Ingineering and Transition O0fficc of
the OSRD on February 9th,/§:dthe strong recommendation of that office,
Arthur D. ILittle, Inc. was contracted (Contract OEMsr-886) to help in

sabot program of Division 1, NDLC by investipgating plastics for use in
the/ sabots, and suiteble production methods for use with them. A con-
siderable amount of worl was done co-operatively hy that company and the
Unlversity of New Mexico in investigating the possibility of molding
the plastic parts of sabot projectiles desifmed by the University of
New dexicoj both plastis bourrelets and all-plastic sabots. The experi~
mental work, done by the University of New wiexico on this program, con—
sisted essentially of making firing tests. The work has been covered
by the final report of the Arthur D. Little Companylg{ and need not be
considered in any detail here. However, certain conclusions may be

stated. The followlng are quoted from page 1 of that report:

(1) "There are few materials among the non-metals that
are satlsfactory for meking sabots.

(2) "The phenolic plastics are suiteble, at least for
the sleeves or bourrelets of sabots.
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17/ "Molding Sabots for Projectiles,® NDRC Armor and Ordnonce Re-
port WA-278 (OSED No. 2832), Arthur D. Little, Inc., June 6, 19l
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(3) "in entirely satisfactory all-plastic sabot design was not
obtained, but on the other hand it was not proven that

such a design was not possible.

(4) "For all but the swallest size projectiles it appears
more feasitle to mold the sabots separately end cttoch them

to the projectile than to mold directly onto the nrojectile.

(5) "The completed sabot of phenolic plastic is sufficiently
stable in dimensions."

In explanation of item (5) it appears from page /, of the report
that the writer had in mind that dimensional changes should not be
over 1/3 of 1 percent, i.e., 0.01" in j"léz Actually, a change of
1/3 of 1 percent is not tolerable. The diameter of the bourrelet
shown on University of New Mexico designs 28-75 D, dated 5-27-43, and
28=75 D revised, dated 3-2-L44 is 2.945" - 0.005". The diameter of the
bore of the 75-mm is 2.950" 4+ 0.002", An increase in diameter of
0.0033 x 2.945 is 0,0098" which would make a bourrelet, originally
2:.945" in diameter, 0.0048" greater in dismeter than the bore of the
gun. In this case, the tolerable expansion is only one~-half of what
they considered acceptable.

After investigating the practicability of molding the sabot or the
bourrelet around the subcaliber projectile, it was concluded that it
was not practicable. The first experimental attempt was to mold all
plastic sabots for the é~pdr. Mk VII pun (57-mm). The subcaliber pro-
jeetile was 1.2" in diameter. It was found that shrinkage of the molded
part during cooling gave rise to dangerously severe stresses in it. Many
of the moldinrs cracked, some soon after coming out of tihe mold, some
several days later, without any apparent sbuse. Othcrs cracked on rough

handling.

18/ There is no indication that long term imwersion tests or long
Lerm tests at high and at low humidity were zctnolls cariried oull,
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Another difficulty, experienced in Tying to mold the sabot on the

projectile, arose from the fact that the projectile about which the

sabot is o be molded musi fiL firmly snd exsctly inbto a rec
the mold. This would require the projectile dimensions involved to be
held within extremely close limits.

Still another difficulty that was anticlpated, if an attenpt were
to be made to mold around the 57-mm APC M86 projectile, arose from the
fact that to handle inserts as longs as this would recuire presses with
a longer stroke than is commonly used.

ALl attempts tu preduce sabots molded directly sround the projectile
were abandoned. However, quite a number of all-plastic sabots for the
6-pdr. gun were molded and later assembled to the subcaliber projectiles.

A mold was also-made in which plastic bourrelets for sabots for fir-
ing the 57-mm APC M86 projectile from the 75-mm g weremolded.

It was found impracticable to mold the ﬁarts‘to the final dimensions
because of (1) the taper required in the mold and (2) the variation in
the dimensions of the finished moldings which was about 0.003 inch per
inch under carefully controlled conditions. It was therefore recom-
mended that the moldings should be made oversize and the final surface
be obtained by turning in & lathe,

Following this plan, the recommendation for the construction of
projectiles to the 28-75 D design was to mold the bourrelet, using
transfer molding, with both outside and inside dimensions oversize. The
molded bourrelet would then be assembled to the projectile. The space
between the subcaliber projectile and the bourrelet would be filled with
a liquid resin that would cure or polymerize in place to a solid. This

would cement the bourrelet in vnlace and would also eliminate play between
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the bourrelet and the subcaliber projectile. The ounter surface of the
‘ bourrelet would then be mrchined to size and concentric with the sgub-

’ caliber projectile.

ARMOR PILHCING SABOT PROJKCTILY: FOR THE 75-MM GUN

Request for the Develovment.

About the end of 1942 it became quite evident that the work at
the University of New Mexico had reached the stage at which it should
be directed toward the de&elopment of a specific projectile for a
specific gun. The O0ffice of the Chief of Ordnance, which was consulted
by Division 1, NDRC, indicated that the gun in which the sabot pro-
Jjectile would be the most useful was the 75-mm. Division 1, NDRC ad-
viced the University of New Mexico to direct their work toward the

development of an AP round for the 75-mml2( However, no 75-mm pun

was svallable at the University of New dexico, and without it very
little could be done in this direction.

M R rw en Sm mm Em e me e v e e e M mm mm SN e e mm me mm e e A e e e mm e e v e

19/ There were three 75-mm guns concerned, All had the same
chamber and rifling and consequently fired the same ammunition. A1l
were on automotive mounts,

Gun Shot Travel MV Mounting
in. ft/sec
T5-mm M1897AL 88.99 2000  being mounted in Oun Motor Carrige M3
T5~mm M2 T1.04, 1920 mounted in medium tenk M3
75-tm M3 97.66 2020  mounted in medium tank M, and M3

*  iith projectile APC M61, welghing 14.92 1b,
The twist of these guns 1s 1 turn in 25.5% calibers.
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Division 1, NDRC had an estimate prepared of the nerformance to é

p

be expected from a tunpgsten carbide vroiectile fired from the 75-mm E
eun M2 by means of a sabot, znd had grephs wrepored thot, bv compnr-

ing the caleulated performance of this nrojectile with that of the
standsrd APC M6 projectile, showed the advantage to be gained by
means of the tungsten carbide sabot projectile, &t ranges up to 2,00
yds, in (1) penetration of armor at 20° incidencegg{ (2) lead needed
when firing at a moving tank, (3) error that could be made in estimat-
ing the range to a tank without resulting in a miss.

The ealenlated improvement in performince was impressive, and,
although (1) the muzzle velocity used was admittedly optimistic, snd
(2) it was apparent from what ..as known about the behavior of tungsten
carbide against plate that considerable work would likely be needed
to develop a satisfactory tungsten carblde projectile, it was evident
that there was a good prospect of greast improvement from the use of

tungsten carbide in the sabot projectiles for this and other guns.
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20/ This estimste was based on the deta that were then available
to Division 1, NDRC from firing trials of tungsten corbide cored pro-
Jectiles against plate. These were: the results of a British triel
of a captured German 28mm/20mn tsnered bore gun and projectiles (Proc.
0. B. 14227), and two ballistic limits obtained by the Ordnance Dept.
in trizls of 0.600" dizmeter cores, 2" homo/20°/2270 ft/sec and 4"
homo/20°/3600ft/sec. The first of these was supplied by the Ballistics
Section, the sccond was from Inclocure 2 of "Second Report on the ?7/28mm
and 37 mm lligh Velocity Armor Piercing Projectiles, snd Twenty-Second
Report on 0. P. 5364."

The MV used in the estimste, 2550 ft/sec, was calculated for a
5.4 1b projectile using the maximum possible charge of 2 nowder with
an ideal web, A somevhial lower MV for & projectile ol thly welphtl
would have to be accepted in any service use to provide the necessary
leeway in charge necessitated by variations in different lots of powder.
£lso the assumed ratio of mass of tungsten carbide core to total mass
of projectile, 2.6/5.4, was higher than has been realized in practice
with a core of this size in a gun of this caliber.
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At this time, however, the Office of the Chief of Ordnance was
very skeptical about the value of tungsten carbide against tanks.

In their experience tungsten carbide cores had pulverized on emerging
from plate, and they considered that the particles so formed were too
small to do much damage inside a tank.

Finally, st a conference on February 9, 1943, the Office of the
Chief of Ordnance requested that Division 1, NDEC develop a sabot for
firing the orojectile 57-mm APC M86§L/from the T75-mm gun M3, and
undertook to arrenge for the supply of a gun to the University of New
Mexico.

in analysis prepared for Livision 1, NDRC showed (1) that by means
of a sabot this shot could probsbly be fired from the 75-mm gun Y3 with
a slightly higher MV than that given to it by the 57-mm gun M1, ond
(2) that compared with the standard APC M6l projectile, assuming equal
accuracy, the sabot projectile, at battle ranges, should give a better
chance of hitting, because it would have a shorter time of flight and
a flatter trajectory, and (3) that it should penetrate a greater thick-

ness of armor than the APC M6l provided the quality of the projectile
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g;/ This was a newly designed projentile for the 57-mm gun ML
(antitank) and the British 6~pounder, 7 cwt. (tank and antitank). It
was expected that it would soon be in production. It was a steel armor
plercing projectile, fitted with a steel armor pilercing cap and a
ballistic cap or windshield. Lt contained a cavity in the base, for a
small bursting charge of HE, and was to be fitted with a base detonat-
ing fuze designed to burst the projectile inside a vehicle, i.e., after
it had passed through the armor. The fuze was to contain a tracer to
be ignited by the propellant. This was to be in a heavy tracer pocket
that projected to the rear in the form of a truncated cone. The MV
from the 57-mm gun M1 was to be 2700 ft/sec.
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wae such that it did not deform on impacbgg{ The stebility factor

of the APC M86 fired from the 57-mm mun ML was not known, but the Office
of the Chief of Ordnonce believed thut its stubility in the 75-mm gun
would bé adecuate.

However, much greater improvements in respect to time of flight,
flatness of trajectory, and thickness of armor penetrated were to be
expected from the use of tungsten carbide than from the use of steel
subcaliber projectiles in this gun.

A1 the reasons for the choice of projectile by the Office of the
Chief of Ordnance are not knovm, but the following eppeared at the time
£o be the principal ones., British and U.S. armor plcreing nrojectiles
for vuse against tanks had, in the nast, consisted almost entirely of
solid steel shot, with or without an armor piercing cap. The Germans,
on the other hand, had used armor piercing shell, containing a small
cavity in the bhase, filled with 2 bursting charge of HE. These shells
were fitted with armor piercing caps and ballistic caps or windshlelds.
They were beautifully made and were supplied even in quite small sizes.
Fxperience in Libya had shown that British AFV's (armored fighting ve-
niecles, e.g., tanks) were more prone to catch fire when German projectiles

went through their armor s

mpmere than were Germen AFV's after similar hits by British shot. Ordnance

 em e em mmem @ ER wm m EL MR Wu s M e e e Re mm e M m  Mm M e e mm em e e R e e e e

gg/ With the sabot vrojectile developed for the 75-mm gun 43 the
expecled penetration of the 57-mm APC M86 is about 25 percent greater
at be muzzle and sbout 20 percent grester at 2000 yards than that of
the APC M6l fired from the same gun. The estimate is based on the curves
of penetration prepared by the Bullistics Section, Technicsl Division,

0C0. The achievement of the increase in penetration at the hipgher strikine vel-
ncities, i.e., shorter ranges, requires projectiles of excellent quality.

e me mm e em mm em s M M G MM m TE Me e mw e e mm mm = v e Sm om e cm e e e e e me e mw

CONFILDENTT AL

-



s D A I b S N B AR AR TN E ALY sl

ARG D MR WA

- 40 -

CONTTIDENTTITAL

Department observers who had studied the derelict AFV!'s in Libya were
convinced that this was because the Germans were using projectiles
containing s bursting charge, and that solld shot were much less ef-
fective in starting fires. There had been repeated demands from the
British Middle East Command to the authorities in U, K. for armor
piercing shell. This could be taken to indicate a similar conclusion
on the part of that Commandgz{ This was probably the major reason
why this projectile, the APC M86, was chosen instead of the correspond-
ing solid shot, the AP M70. There was the additional reason that the
. very blunt armor piercing nose of the AP M70 resulted in high retard-
ation while the long tapered ballistic cap or windshield of the APC
M36 resulted in much lower retardation, and consequently, in the re-
tention of a greater proportion of the energy for armor penetration
at a distance from the muzzle. Of course the fitting of a windshield
would overcome this defect. !
The objections arising from the absence of a bursting charge applied E
also against tungsten carbide cored projectiles. Moreover, as already
stated, because of the results of firing tests against plate, the Office
of the Chief of Ordnance was at that time very skeptical about the

value of tungsten carbide against tanks.

23/ The case for the shell was not quite as clear as may appear from
the above. The bursting charge can be useful only if the shell remains
in condition to burst after it has gone through the armor. Solid shot
7111 go through a greater thickncos of plate than will corresponding shell.
Moreover, there were reasons to believe that it was easier for [lying frag-
ments to ignlite the propellant charges in British AFV's than those in
Garman AFV's, and this was believed by authorilties in U.K. to be a con-
tributing factor to the grester proneness of the British AFV's to take
fire when hit.

1,
»
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Development. and Producticn by University of New Mexico

£ Ordh

oA e N
rdinance t

The recuest of the Office of the Chirl o o have &
sabot developed for firing the 57-mm #PC M86 projectile from the 75-mm

gun M3 was made on February 9, 1943. 4 gun and mount, together with

the necessary ammunition components, were to be supplied. Some delay
occurred, however, before this was done, so that it was not until April
that the gun and mount were received, In the meantime the ammunition
components had been received, with the exception of the APC M86 projectiles
which were not yet ready. The gun supplied was mounted in the mount

nsed in the turret of the medium tank; the combination mount M 3.4 Al.

When it had been received, it was mounted on a concrete pedestal at the
University of New Mexico Proving Ground. The first round was fired from
it on April 13th.

While waiting for the 75-mm gun, preliminary work had been carried
on using the 6-pdr. Mx VII, and when the 75-mm gun arrived the work
progressed rapidly. The first sabot projectile, design No. 1-75, was
fired from the 75-mm gun on April 19. The first small shipment of APC
M86 projectiles was recelved on May 7, and on May 26 a successful dis-
persion shoot of 18 rounds of the final design was carried out. The re-
sults of this and other dispersion firings are collected in Table VIII.

The sabot projectile design developed by the University of New
Mexico to fire the 57-mm APC M26 projectile from the 75~mm is designated

2875 D, dated 5--27-43. Drawings of the desisn are shown in Figures 1 and L

The work done in developing thils projectile and in manufacturing

the lot to be supplied to the Ordnance Department is detailed in the

CONFIDENTIAL
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Monthly Progress Reports, and summarized in Final Report Contract
ORMsr~668, Supplements 1, 2, and 3, dated March 10, 19/4. A discus-
sion of the mechanics of this sabot projectile, together with a stress
analysis and the results of firings, will be found in NDRC Arwor and
Ordnarice Report A-234 (OSRD No. 3010).

This is a simple design of sabot, and quite easy to manufacture.
It involves but a slight modification of the standard nrojectile used
with it. A steel ring, partially segmented from the front, is threaded
over the rear end of the subcaliber projectile. After this ring is in
place the rotating band is seated in the groove, or band seat, on the
ring, by being forced through compression dies. This not only seats
thé band, but also closes the forward ends of the segments of the ring
tightly on the subcaliber projectile, thus eliminating some of the play
between these parts. A steel skirt, to fit inside the mouth of the
cartridge case, projects from the rear of the threaded steel ring and
1s integral with itgk{ In front of the threaded steel ring a plastic
sleeve, partially segmented from the inside, surrounds the subcaliber
projectile and acts as the bourrelet.

It will be noted on Plate II that the rear outer surface of the
projectile 57-mm APC M86 is to be threaded for 0.750" forward from the

S eh B eE @ Al s @A em em e TR AN N Ge e B MR G R SR AR EL e Em A G MR A mw e eR G e e

24/ In this design the crimping groove is immediately behind the
band so the mouth of the case has to be formed into the groove. Current
practlce is to have the crimping groove behind the mouth ol the case.
This gives astronger construction. However, the sabot projectile is
lighter than the standard projectile so that this design may provide
adequate strength. Before adopting this design, the Ammunition Develop-
ment Branch, Techrnical Division, 0CO, was consulted about the practica-
bility of crimping in this way. They reported that it could be done by
a slight modification of the crimping machine
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base. It should be mentioned that the projectiles used by the Uni-

versity of New Mexico were not standard projectiles. They were from

duction of this projectile. The modifications of the projectiles con-
sisted in (1) leaving off the rotating band and omitting the groove
in which it seats, (2) omitting the hardening proce3525{ Forward of

the 0.750" of threads to the ogive the vrojectile was therefore cylin-

. drical. The center of the groove in the projectile into which the

cartridge case is normally aimped is approximately 0.5" forward of the
base. The groove is therefore within the threaded section, which could
probably be decreased slightly in length if this crimping groove were
omitted.

It should be'noted here that although the drawing of the threaded
steel sabot ring on Plate II shows the band seat smoothly grooved this
was not i1ts condition when the bands were applied. A series of cold
chisel cuts were first made across the grooves to prevent any tendency
of the band to rotate in the grooves.

Attention is drawn to the fact that the base of the sabot, i.e.,
the threaded steel ring, and the subcaliber projectile are securely
fastened together and presumably will remain so as the projectile passes

up the bore. Exactly how important this may be is not definitely known.

gﬁ/ The projectiles supplied were otherwise as shown on Ordnance
Department drawings

75=2-320 Metal Parts and Assembly January 27, 1943, and
75-2-323 Details January 27, 19,3,

Extensive reversion of the dimension and tolerances were later
introduced, and new drawings were prepared under the same numbers.
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However, it was found, when firing sabot orojectiles with a base plate
26
in the British 17~poundef"/against plate at Aberdeen, that, unless

the subcaliber projectiles were properly seabed against the base when

firing occurred, large yaws were experienced. In the firings at
Aberdeen, of sabot projectiles made by the Remington Arms Co.,des-
cribed later in these notes, failures occurred within the bore when

the base and the subcaliber projectile were not adequately fastened
together. This occurred in guns but little worn. When there 1s con-
siderable free run, the likelihood of separation and consequent trouble
is much greater. How well the threaded steel ring design will work in
a gun with considerable free run is not yet known.

On emerging from the muzzle the sabot parts break off under cen=-
trifugal force with no apparent disturbance of the subcaliber projectile.
A muzzle velocity of 2800 ft/sec is readily obtained from the 75-mm
M3 gun.

The projectile was given a considerable amount of testlng at the
University of New Mexico by firing through yaw cards and for dispersion
against a vertical target at 1000 yards. The results of the dispersion
tests are given in Table IX. It was expected that if it were given ex-
tended tests some modifications would prove necessary, but it did ap-
pear to be in a sultable stage of development for submission to the
Ordnance Department for firing tests at Aberdeen Proving Ground.

. : A lot of 70 of these projectiles was made up and supplied to the

Ordnance Department for test at Aberdeen Proving Ground. They were

shipped by express on June 19, 1943.

26/ These projectiles were designed and supplied by the Geophysical
Laboratory for armor penetration experiments with steel projectiles
hiipgh velocities.
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Many of the AP caps and windshields were loose on the APC M86
projectiles when they were received at the University of New Mexico.’g"'l/
The AP caps and windshields were brazed to 60 of this let of 70 projectiles
during assembly of the sabots. The remaining 10 projectiles wers left

as received in this respect. The APC M86 projectiles in this lot of

70 were not fitted with fuzes or tracers. The cavities were filled

with sand and shot to bring the welght to 7 lbs and were plugged. The

complete sabot projectile weighed 8 1b, 6 oz + 1/2 os.

Tests at Aberdeen Proving Ground

The tests at Aberdeen Proving Grounq, and the results, are des-
eribed in detail in APG Firing Records M24862, 12, 13, 14, 15, 16, 20,
21 July 1943, and M254,96, August 10, 1943.

The stability factor of the projectile 57-mm AP(¢ M86 had not yet

been determined. Therefore, although it was expected that the pro-

28/

jeotile would be found to be sufficiently stable,™ it was importint to

obtain a value for the stability factor. Accordingly, although these

projectiles were not fuzed but only plugged, and would therefore have
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27/ At the time these projectiles were made, the method of attach~
ing the AP cap to the body and the ballistic cap to the AP cap by crimp-
ing or rolling had not been perfected. The fact that the hardening
process had been omitted in manufacture may have added to the number of
loose eups,

28/ Tnis projectile, the APC M8, had closely the same proportions
as the 3" APC M62 that had been designed for the new 3" gun, the 76~mm
which had a twist of 1 turn in 40 calibers. The twist of this nrojectile
fired from the 75-mm gun was considerably grester, 1 turn in 33.7
calibers.
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a slightly different stability factor than the fuzed vrojectile
(probably higher) efforts were made to determine their stability
factor., Although these efforts did not result in an cntirely sat-
isfactory determination of the stability factor, they did show that
when the projectiles were fired from a moderately worn gun the pro-
jectiles did not always receive full spin, in all probability because
of failure of the rotating bandgz( These firings for staﬁility are
covered in the APG Firing Records cited above.

The first firing for stability took place on July 14 from a
75-mm Gin M3 that had previously fired 1905 rounds and was conse-
quently but little worn. Eleven rounds were fired at an MV of 2800
ft/sec. Only one of these had enough yaw to permit a determination.
The maximum yaw in this case was 8°, A second attempt was made on
July 20. The gun used was a 75-mm M1897 that had previously fired
9215 rounds and was badly worn. Three sabot projectiles and one
75-mm APC M6l projectiles were fired. All tumbled because of the ex-
cessive wear of the gun. In two cases the spin imparted to the sabot
was so low that the sabot parts did not separate. A third attempt
to obtain a stability factor was wade on August 10, using a 75-mm
gun M1897A4 that had previously fired 4694 rounds. Five sabot pro-
jectiles and one 75~mm APC M6l projectiles were fired., The standard
projectile had smell yaw (0°)., Two of the sabot projectiles had smll

yaws (3.5° and 3.7°). The stability factor was calculated for one of
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29/ This gun has the same chamber and rifling as the old French
75. The rotating band used is very narrow in comparison with that on
most present day projectiles. Tue gilding metal band on the stan-
dard projectiles had glven trouble from slipping.
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these rounds. One sabot projectile had large yaw (up to 24°), and,
from the rate of precession of the yaw, had definitely not received
full spin. Two other sabot projectiles had large yaws but lost their
windshields when they struck the cards. Presumably they did not re-
celve full spin.

From these results it appears probable that a stronger rotating
band may be needed for a sabot for these guns. As the width of the
band cannot be increased this means a band made of stronger material,
e.g., soft iron.

The stability factors determined for the plugged projectiles,
calculated to the muzzle and standard atmospheric conditions, but with-
out taking into account the retardation from the yaw cards, were:

July 14 — 1.23; August 10 — 1.3339{ These values were obtained
informally by Division 1, NDRC, September 9, 1943. They appear in
the Firing Records cited.

On July 10, ten rounds were fired for accuracy at a vertieal
target at 300 yards, snd ten standard 75-mm APC M6l's were fired in
comparison with them. Tﬁe gun used was the one that had been used on
July 14 for the stability firings. The dispersion found was about
the same as had been found at the University of New Mexico; horizontal
1.10 minutes, vertical 0.69 minutes. The corresponding dispersion of
the APC M6l was horizontal 0.7l minutes, vertical 0.76 minutes (see

Table VIII). A photograph of the target is included in the APG
Firing Record.

30/ Although at this time a stability factor as low as 1.25 was
considered acceptable, it was subsequently decided that a considerably
higher value was needed. A value of 1.5 was later chosen for the sub-
caliber projectile used in the armor piercing sabot projectile develnped
for the 105-mm Howitzer ¥3.
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During the tests at Aberdeen a number of rounds were fired at
night to obtain stereoscopic micro-flash photographs of the pro-
jectile a Tew fect in front of the muzzle. These photographs were

taken by personnel of the Geophysical Laboratory using equipment that |

they brought with them. In order that the muzzle flash should not
prevent taking these pictures a flashless powder was used. Each of
the photographs shows the M86 projectile free in flight together with
the annular zone of the discarded sabot parts.

In order to obtain some idea of the spread of the parts of the
sabot in flight a screen was erected at 75 ft from the muzzle. After
eleven rounds had been fired, this was photographed. The extreme
spread of the parﬁs was about 27 feet. The personnel working at the
University of New Mexico Proving Ground had already tried to obtain
a figure for the maximum range of the parts. The greatest distance
from the gun at which any parts were found there was 600 yords.

The results of the tests at Aberdeen, as known on July 21, ap-
peared quite s&tisfactoryzl{ and on July 22 instructions were lssued
by Division 1, NDRC to the University of New Mexico to proceed im-
mediately with arrangements for the manufacture of 1000 projectiles
for extended service tests. The Mueller Company of Decatnr, Illinoig,
who were at that time making the M86 projectile, undertook to manu-

facture the metal parts. In conversations with their engineers, a
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31/ The information obtained by Aberdeen as a result of their
calculations of the stability of the rounds fired on Jduly 14 and July
20 were not known until much later, and, although additional firings,
in a worn gun, had been requested by Division 1, NDRC, these had not
yet been made. They were made on August 10.
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few slight modifications of Lhe design were suggested to facilitate
menufacture. These were incorporated in models made up at the Uni-

L\ -

versilty of New Mexico and round (See 28-75H,

g ground (See 28
Table IX). However, while this was being done, the instructions to
arrange for the manufacture of the 1000 projectiles was canceled for

reasons to be stated later.

ARMOR PIERCING AND HIGH EXPLOSION SABQT PROJMCTILWS FOR

THE 105-MM HOWITZER M3

Recuest for the Development

On July 20, 1943, Division 1, NDRC appointed a Subcommittee of
Division members to make a general survey of the development of sub-
caliber projectiles by the Division with a view to deciding how best
to prosecute the development in the future. In order that this com-
mittee could meet with representives of the Army Ground Forces (In-
fantry, Artillery, and Armored Forces), and obtain from them opinions
as to the probable uses of sabot projectiles by the Services that they
represented, the Office of the Chief of Ordnance arranged a conference
in the Pentagon Building on August 7, 1943. This conference was at-
tended by representatives of the commlttee mentioned above, and by re-
presentatives of the Infantry, Artillery, and Armored Forces, and of
the Office of the Chief of Yrdnance.

A model of UNM design 28-75D that could be disassembled by hand
was examined by the representatives of the Services. The mechanism

was explained and the behavicr described. Division 1, NDRC had had
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charts prepared showing graphically against range, the striking
velocity, penetration, time of flight, angle of fall, and danger space
of the 28-75D sabot projectile for the 75-mm gun M3, and of armor
piercing sabot projectiles for the 105-mm Howitzers M2 and MBEQ{ and
corresponding data for the standard vrojectiles for comparison. Copies
were supplied to the persons attending the conference.

After studying the information presented and after some discussion,
the represontapivcs of the three using Services stated thelr opinlons.

The Armored Forces were not interested in the sabot projectile
for the 75-mm gun. This decision rested mainly on the fact that this
gun was to be replaced by the 76~-mm gun. As this latter gun had a
twlst of only 1 turn in 40 calibers, sabots of this type would in

all probablility be impracticable in it. Nor were they interested iIn
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jg/ The Geophysical Laboratory had prepared armor piercing sabot
projectiles for the 105 Howitzer M2 using the 75-mm APC M6l projectile
as the subcaliber projectile, and also for the 105-mm Howitzer M3 using
the 57-mm APC M86 projectile as the subcaliber projectile. These had

been fired at Aberdeen Proving Ground on July 21, 22, and 23 (see APG
Firing Record M24905 for description & this projectile and details of
the firing). These tests formed the basis for the curves of expected
performance presented. '

Six of the projectiles using the APC M61l, weighing 20 1lbs each,
had been fired from the M2 Howitzer at a vertical target at 800 yards,
and had impacted within a rectangle 11 3/4" wide and 15 1/2" high
compared with 19 1/2" and 23 1/2" respectively for the impact area of
9 HE M1 shells fired for comparison. Three of the sabot projectiles
with APC M86 subcaliber projectiles, weighing 12 lbs each, had been
fired from an M3 Howitzer through yaw cards for a stability determina~
tion. The MV was approximately 2500 ft/sec. The maximum yaw obtained
was only 5.4°%; not enough to permit a satisfactory determination. How=
ever, the projectile was stable as fired. On September 9, 1943 Division
1, NDRC obtained informally the uncorrected value of the stability
factor computed from the data obtained from this round, It was 1.2,
The M86 projectiles were plugged.
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an AP sabot projectile for the 105 Howitzer M2 mounted in the Howitazer

Motor Carriage M7. The Urdnance Department had underdevelopment a
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cated the armor penetration to be expected from the sabot round with
the 75-mm APC M6l or the 57-mm APC M86 as subcaliber projectile.
Moreover, this weapon was used in support of infantry and it was thought
that the danger to the infantry from flying fragments of the sabot
offset any advantages in time of flight or flatness of trajectory.

In addition there was a disadvantage in carrying an extra type of
ammunition.

The Artillery were not interested in the sabot for the 105-mm
Howitzer M2. The reasons were not stated explicity but were evidently
the same as those that had determined the opinion of the represen-
tative of the Armored Forces.

The Infantry were interested in the use of the sabot in the 105~mm

Howitzer Maﬁzl The representative asked that an armor piercing round
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33/ The 105-mm Howitzer M2AL on wheeled carriage M2A2 is the stan-
dard light field Howitzer. This Howitzer, on a different carriage, is
also mounted on the Howltzer Motor Curriage M7. This Howitzer has a
twist of 1 turn in 20 calibers. The shot travel is 8l.67". It fires
the 33 1b HE ML shell at a maximum MV of 1550 ft/sec {5th zone), and
the 28.8 1b H.E.A.T. MA7 shell at a MV of 1250 ft/sec (The low MV of
the H.E.A.T. round is required because high spin causes the jet of
hollow charges to fan out and so impairs the penetration.) An AP shot
was under development. It was to welgh 28.5 1b, and to be fired at an
MV of 1950 ft/sec. This was a solid steel shot with a ballistic cap
or windshield and no AP cap or bursting charge.

The 105-mm Howitzer M3 is the M2 Howitzer with 27" left off the
muzzle end of the tube. It 1s mounted on a light wheel carriape M3A1,
which is a slightly modified 75-mm Howitzer Carriage M3A2. From this
howitzer the maximum MV (5th zone) of the 33 1b HE Ml is 1020 ft/sec.

The HiE.A.T. MA7 is also fired at a MV of 1020 ft/sec. The upper limit
to the MV of the 33-1b shell, in this case, is not determined by the cham-
ber capacity and the pressure that the tube will stand but by the carriage.
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and alsc an HE round, the latter for use nraingt "spot" tarpgets, be
developed for it, and that 100 of each be supplied for test by the
Tnfantry Bourd. Afler this mumber had been tried, it should be pos- *
sible to decide whether or not to continue with them. \
The advantrges to be expectedfrom the AP round were clear enough;
those from the HE much less so. During the discussion that preceded
this request it was polnted out, by a representative of Division 1,

that the HI projectile would have to be a small shell welpghing less

than 15 1bs (the 75-mm or 3" shell), and that the burst of such a

shell would be much less effective than that of the standard 33-1b
shell. It was sald that the shooting of the Howitzer with the stan-
dard 22-1b HE M1 shel’ at full charge (MV 1020-8) was very inaccurate
and that the charge had to be reduced to that for the third zone (MV
780 ft/sec) before the accuracy became satisfactory. It was thought
that the lighter sabot projectile might prove better for spot targets.

As a result of this conference, the Office of the Chief of Ordnance
advised Division 1, NDRC todrop work on the 75-mm/57-mn (APC ¥86) pro-
Jeetile for the 75-mm g;n M3, and to develop the two projectiles re-
guested by the Inlfantry.

Now the facilities and personnel available for work on sabots at

the Geophysical Laboratory were so extremely limited that it appeared

impracticable to have this work done there in an adequately short

7
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time; moreover, work there was handicapped by the lack of a suitable
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Iiring range, so that all experimental firings had to be made at Aberdeen.

i

In both these respecta the situationat the University of lew Mexico

was much better. In addition, it wes considered that the design 28-75 D
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had reached a womewhat more advanced stage ol development than the
designs to which the Yeophysical Laboratory!'s projectile had been
2de™, and it awpeared that it would be a falrly silmple wmatter to
adapt this basic design to the two projectiles wanted. When Division
1 decided to undertske the development of these two projectiles,

they asked the University of New Mexico to do it. An informal request
to do this was received by the University of New Mexico on August 18,

1943 and design work began at once.

Limitations Imposed by Howitzer

The 105-mn Howitzer M3 is the 105-mm Howitzer M2, with the tubc
shortened 27" at the muzzle end, mounted on a '75-mm Pack Howitzer
carriage that has been slightly modified to increase the strengt 35(
At the time the Geophysical Laboratory sabot projectiles had been
tried in it, at Aberdeen Proving Ground, in July 19433é{ it had heen

known that the maximum velocity attainable with the standard 33-1b
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34/ Mthough no comparative tests have been conducted in worn
guns, it was thought that projectiles with threaded ring bases were
more likely to remain securely held together in the bore.

35/ The cylinder and piston of the recoil system had been strengthened
and the nitrogen pressure increased, and other slight modificaticns made.

36/ APG Firing Record M-24905 July 21, 22, 23, 1943, Wwith 12-1b
slugs and sabot projectiles a charge of 59 oz of FNH M2 had given an
average MV of 2527 ft/sec with an average peak pressure of 24500 p.s.i.
(copper) and an average recoil of approximately 31 1/4" (max. 31 5/8",
min. 30 3/L4%) at 0° elevation (approximately).

The letter from 0CO requesting the firings had asked that the
charge should be that to give the highest velocity possible in tlis
Howitzer with a 12-1b projectile.

CONFIDPENTIAL
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HE M1 projectile (MV with full service charge 1620 ft/sec) was governed,
not by the capacity of the chamber or by the strength of the tube,
in both of which respects the howitzer was identical with the M2, but
by the carriage.

At the conference on August 7, 1943 it had been broupght out that
the accuracy with the standard HE Ml round was unsatisfactory with
full charge, and became satisfactory only when the charge was reduced
to that for the third zone. However, neither the cause of the in-
accuracy, nor any measure of it had been given.

Thus it appeared that a limit to the muzzle velocity attainable
by a sabot round in this howitzer might be set, not only by the strength
and dimenslons of the tube, as is usually the case, but also by elther
the strength of the recoil system or by the accuracy.

It seemed probable that, so far as the ssirength of the carriage
was concerned, the total momentum of the round might be uéed for es-
timating the velocity attainable with a sabot projectile of a given
weight, and that the total momentum could equal that of the standard
round at full charge, or of the rounds fired at Aberdeen in Julyjz{

The Office of the Chief of Urdnance was consulted asbout the limita-
tion imposed by the strength of the carriage, ond it was learned that,
when firing at low angles of elevation, no damage would actually be

done to any part of the carriage until the recoil reached the point
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37/ At this time no one connected with this work knew of a satis-
factory vway to compute the total momentum. This is considered in some
detail later in the section on the choice of the armor niercine pro-
jectile. The total momentum of the rounds fired at Aberdeen is consider-
ably in excess of that of the standard round with full charge, (pro-
jectile 33 1b, charge 1.33 1b FNH M1, MV 1020 ft/sec).
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at which metal came against metal. The length of recoil, metal to
metal, is 33.4". The maximum rated recoil in 32" (at 0° elevation,
70°F). Because of slighl differeunces in dJdimensions, which are un-
avoidable in manufacture, some dlfferences in recoil ae to be expected
from carriage to carriage, Differences in recoil also occur because
of differences in the temperature of the oil.

The reason for the unsatisfactoryaccuracy was not learned. 1In
fact, it was said that in firings at Aberdeen the accuracy had been
good in all zones. The only actual figures obtained for accuracy,
with HE ML at full charge, were for a range of 3725 yards, and in
this case the dispersion was small. It was evident that the work would
have to proceed without information about the cause of the inasccuracy
reported by the Infantry, and with the expectation that the csuse
might appear from the actual eperience with the howitzer, during the
course of the development of the two sbot projectiles. If it should
be found that it was due to some easily remedied cause it might not
actually limit the attainsble MV,

There was a premium attached to the highest attainable muzzle
velocity, especially in the case of the armor piercing round. Tt ap-
peared, therefore, that the sabots should be designed so that they
would work properly with charges large enough to glve recoils approach-
ing 32 inches at 0° elevation in h~t weather, and, as this vould prob-
ably be too great a recoll in view of the diffevence in temperatures
and in carriages, that they should also work properly with consider-
ably lower charges, say those giving normal recoil, and that they night
have to work properly with still lower charges as the attaimment of

good accuracy might require such charges.

CONFIDENTIAL
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It appeared also that chorges should he established that would
give the highest muszle velocity atteinable with good accuracy and

without execeeding btie limibts sel by the recoil system.

Choice of HE Subcaliber Projectile

For the HE subcaliber projectile two shells were avajilable; the
75-mm M48 weighing 14.7 1b when filled and fuzed, and the 3-lnch
M4 2AL welghing 12.87 1b when filled and fuzed. The first of these
was a rather long shell with a boat-tail. The stability factor when
fired from the 75-mm gun, with a twist of 1 turn in 25,58 calibers,
(MV 1980 ft/sec) was 1.32. When fired from Lhe 105-mm Howitzer (twist
1:20) the Mwist" of the shell would be 1 turn in 28 calibers. This
would reduce the stability factor to 1.1, Yor this reason this shell
could not be used. The M4RAL was a rather short shell with a cylin-
drical base. It was in regular use In the 3" gun with a twist of 1
turn in 40 calibers. The "twist!" in the 105-mm Howitzer would he 1
turn in 27.6 calibers. The stability factor would thus be more than
doubled in the howltzer. However, this would be no disadvantage as
the projectile would not be used at long ranges. In other respects
also this shell appeared suitable. There wes plenty of room, behind
the seat for the rotating band, for a thread for the sabot ring, if
that type of sabobl should be used. The acceleration that the shell
would have to withstand in the huwitzer would probably be greater than
that experlenced in the 3" gun but the shell walls were thick and short
and would not be weakened by a thread for a ring tyve sabot as the

thread would be well bchind the rear end of the cylindrical part of

(RS Lee § § ) L= S )
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be suitable for use with a base plate type of sabot if it should he
adopted. The cholee of shell could then be made without doing any
experimental work, and was made by Division L before asking the

University of New Mexicoe to undertake the development of the sabot

projectile.

Choice of Armor Piercing Subcaliber Projectile

The choice of the subcaliber projectile for the armor piercing
round was not so simple as that for the HE. In the casc of most guns,
the stoted muzzle velocitles of standard rounds are about as high as
can be obtained from the gun with the vrojectile and propellanl used,
when allowance 1s made for the variation to be expected ln the manu-
facture of different lots of propellant, and for the variation in the
temperature at which the round will have to be fired.

A close approximation to the muzzle velocity that will be attain-
able with a lighter projectile using a charge of the same weight amd
kind of powder is to be had by asswaing that the muzzle enerpgy of the
sabot round will be equal to that of the standard round.

The approximate expression for muzzle energy that is usually
nged is

£
Viuzzle energy = (M + 1/3 C) V2 28/
where M is the mass of the projectile, C is the wass of the charge,

and V is the muzzle veloclty.

38/ h somewhat better, althouzh less conservitive, estimate of
the muzzle velocity thut can be realized with a sebot can be obtained
by usigg s sasller frnction of the mass of the chnrge in the ewpression
for wuzzle enerry.

J. 0. Hirschfclder, R. B. Kevshner, and C. F. Curtiss go into the
motion »f the powder gas in some detail in NIRC Report A~la2, Interior
Ballistics I, pp. 98-105. If the density of the nowder grs were uni-

form_throushout the bore the fraction woult bhe 1/3 This is of conrse
rTFoncluded on pace 58)
CONPIDTEATTAT
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If the muzzle energy of the sabot round is equal'to that of
the standard round, and the muzzle velocity is higher, the muzzle
energy of the sahot projeetile is less than that  of the standurd pro-
jeectile by en amount equal to the increase in the energy of the for-
ward motion of the powder gas, approximately
1/3 ¢ ( Sabot ™ Vgtd.) . Moreover, a portion of the muzzle

energy of the sabot projectile is in the sabot itself. With constant,
projectile
muzzle energy, therefore, the muzzle energy of the subcaliber/is al-

ways less than that of the heavier stindard projectile by these two
amounts, Nonetheless, it is often practicable to Increase the energy
per unit of cross sectional area of the subcaliber projectile, over

that of the standard projectile, to such an extent that, there is a

worthwhile increase in armor penetration at all battle ranges.

38 - Concluded/
never the case, for the gas itself has to be accelerated. Usins Kent's
special solution for the motion of the powder gas (Kent, R. H., Physics 7,
319, 1936), instead of the assumption of uniform density, results in
an lncrease in the value of in the expression

Muzzle Energy = (M + .Sl. c) V2

Figure 11 on page 103 of their paper shows curves for § against
log C/M for three different powder gases, assumed to be ideal, having
ratios of specific heats, ¥, of 1.17, 1.20, and 1.23 for velues of “
log C/M from sbout —-.7 to +7. For all practicel purposes, however,
differences of need not be considered as the three curves are sensi-
bly one until log C/M > 1, i.e., until the mass of the charge is ten )
times that of the projectile. .
Figure 10, agsin for ideal gos, shows § against M/C for values
of ¥/C from about 0.05 to 2.
The following table gives velues of § corresponding to different

ratios of mass of projectile to mass of cherge read from the rravhs:
M/C
oo 3.
2 2.16
1 3.26
0.5 3.47
0.25 3.75

Critchfield, in NDRC Report A-233, p. 49, speaking of an analysis
covering high velocity guns with ratio M/C renging from roughly 3/1
to 1/2, says that 0.270 x C would be avplicable, i.c., § = 3.7.
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In the ecase of the 105-mm Howllzer M2, the prospect for improving
armor penetratlon by using a sabot was beltter than in the usual case
discussed obove. In the case of this howitzer, the muzzle velocity
of the standard round, (the 33-1b HE Ml with fﬁll churge) is limited,
not by the pressure that the tube will stand nor by the capacity of
the chamber, but by the carrisge. It was expected, therefore, that
the total momentum imparted to the howltzer by the sabot round could
be made equal to, or somewhat greszter than, that imparted to it by the
standard round and that with the lighter sabot projectile a material
increase in muzzle snergy could be realivzed.

Total momentum imparted to the howitzer by the round may con-
veniently be thought of as imparted in two parts, first, that imparted
up to the instant that the projectile leaves the muzzle, second, that
imparted by the gas afterward. The first part is essentielly equal
to the momentum of the projectile and the nropellant at shot ejection
or approximately (M + 1/2 ¢)V. For the second part, no one connected
with the work knew a satisfactory expression.

An increase in nmzzle energy is realized only by increasing
the charge. As the charge is increassed V increases, and if the total
momentum is to remain constant (M + 1/2 C)V must decrease to compen~
sate for the increase in the momentum added after shot ejection. This
decrease is brought about by decreasing M. Correspondine values of
M, C, and V can be reliably computed by the use of & system of intcrnal

ballist10332{ but some expression for total momentum has to be assumed
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39/ For example, the Division 1, NDRC System of Ballistics, which
appeasred in & seriesz of seven reports ond has been summarized in NDRC
Heport A-397 (OSRD Report No. A408).
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before the velocities corresponding to different values of M, at
constant total momentum, can be computed. Obviously the way in which
penetration at battle ronges is affected by changing the size, shape,
and density of the subcaliber projectile keeping the total momentum
constant cannot be calculated without a relisble means of calculating
the total momentum. In this case, however, for practicel reasons

the problem was reduced to the much simpler one of deciding with which,
of a very few projectiles, thé best performance would be obtained at
battle ranges. The choice, in the first instance, lay between the
57-mm APC M86 and the 75-mm APC M6l, or possibly the 3" APC M62. Even
vhen what appear to be extreme values are assigned to the momentum con-
tributed by the gas after shot exit, it is found that the M86 will

give materially greater penetration than the heavier Mél, and will have

the additional advantage of a shorter tine of flight and a flatter tra-
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L0/ This is assuming the validity of the curves published by the
Ballistlc Section, Technical Division, Office of the Chief of Ordnance,
showing penetration against striking velocity and striking velocity
against range. On these curves the penetration of the M86 is given
for striking velocities as high as 2700 ft/sec. High quality M86 pro-
Jectlles will certeinly be required to give the penetrations shown at
the higher striking velocities.

41/ Various avproximete formulas have been used to express total
momentum. (M + 1/2 C) V, where M is the mass of the shot, C the mass
of the charge, end V the muzzle velocity, is usually employed to express
the momentum of shot and gas at the moment of shot ejection, The momen=—
tum added later depends on the "effective! velocity with which the gas
leaves. If the "effective" velocity is stated as a fraction of the
muzzle velocity, e.g., 85 a times V, the expression for the total momen-
tum becomes (M + aC)V. Values used for a have veried from 1.5 to 2.5,
and possibly higher values have had to be used in some cases.

Late in November 1943, OB Proceedings, minute 25208, dated Octdber
22, 1943 ceme to hand. This contained an expression for total momentum
that had been taken from a paper by J. Corner. After examining this
paper, ARD / Ball/ Report 54/L3, June 1943, which had been distributed
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In many respects the 57-mm APC M86 appeared suitable. It con-
tained a bursting charge; and was fitted with a ballistic cap or wind-

10 standard projectile of smaller diameter carld

be used, because of instability. At this time the minimum value of

the stability factor that would be considered acceptable was not knownA,
nor had a satisfactory determination of the stability factor of the

M86 been made. The 57-mm APC M86 had very closely the same proportions
as the 3" APC M62 projectile, then in use in the 76-mm Gun M1Al, and
would, when fired from the 105-mm howitzer, have a higher twist (1:36.84)
than the 3" projectile received from the 76-mm Gun MlAl (:40). At equal
MVts, therefore, it was thought that it would be the more stable. The

MV expected was somewhat lower than that of the 76-mm gun, but this
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Concluded
also as AC 4502, and another paper distributed as AC 4509 containing
some experimental data, one of the members of the internal ballisties
group of the Geophysical Laboratory recommended. this expresslon in
the form given below, and wlth the values of constants noted.
) Total momentum imparted to the gun by breech pressure from a
round in 1b ft/sec

= (4 +1/2 C)V + b0 [ &F
where M = mass of shot in 1bs

C = mass of powder in lbs

V = muzzle velocity in ft/sec

gy in ft/sec2, = 32.17

F ="Force" of propellant in ft 1b per 1lb
nominal. value for FNH M1 310,000
nominal vslue for FNH M2 384,000

b = an empirical constant, about 1.2,
It is evident that, as the mass of the charge irncreases in proportion
to the mass of the shot, uncertainty in the value of b to be used in-
troduces increased uncertainty in the result.
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would reduce the stability only slightly. However, the other infor-
mation available indicated that the stability factor of this projectile
would be low when fired from the 105~mm Howitzer.

Even if the stability factor of the M86 should prove to be too
low, there remained the possibility that it might be raised sufficiently
by shortening the ballistic cap or wiﬁdshield. The Ammunition Develop-—
ment Division of the Research and Development Service of the Office of
the Chief of Ordnance were consulted about this and they indicafed that
the substitution of a shorter windshield wouid not introduce a serious
production difficulty.

No other avallable projectile appeared to be suitable,

The 75-mm APC M61 (14.96 1b) or the 3-inch APC M62 (15.44 1b)
would have an ample ﬁafgin’ of stébility, but there would be a consider-
able reduction in armor penetration as compared with that to be expected
from a 57-mm projectile of the weight of the 486 if both sabot rounds
had the same momentum. The AP M70 was the only other standard U. S.
57-mm armor piercing projectile. It was a solid shot with no armor
plercing cap or bellistic cap. It would, in all probability, be amply
stable; Sut, because of the very shert nose (length of nose 2", radius
of oglive 3.14"), its retardation would be high. Moreover, it had no
bursting charge. It was no longer in production, but large stocks
were on hand.

There were three British armor plercing 57-mm projectiles, the AP,
the APC and the APC BC shot for the QF 6~pr. 7 cwt. The first of these
was identical with the M70. The second was slightly shorter than the
M70, and, hecause of’its armor piercing cap, might be considered to

be better than the M70; but its reiardation would be very hich, and it

COWFIDENTLIAL
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had no bursting charge. Moreover, it was not being made either in
the United States or Canada, althougﬁ ip limited production in UK.
The APC BC shot would probably be somewhat moré stabile than the M36,
as the body plus armor piercing cap was about the same length as the
corresponding parts of the M86, while the ballistic cap was shorter,
so that the overall length was sbout 9.5" against 10.3" for the M86.
It was in production in Cenada. However, it had no bursting charge.

It was evident that the APC M86 should be used if possible, but
thet it was not possible at this time to say whether 1t could be used
or not. Under these circumstances it appesared necessary to have:

(1) A firm decision on the minimum value of the stability factor

that would be considered accepﬁable. .

(2) A reliable value of £he stability factor of the 57-mm APC M86.
It was Division 1's job to get the first. The University of New Mexico
undertook to determine the stability factor, using sabot projectiles.
This work was done concurrently with the development of a sabot for
firing the 57-mm projectile from the 105-mm Howitzer M3, but, for con-

venience, it will be described first.

Determination of Stability Factor of 57-mm APC M86 Projectile and

Modifications '

As thie wes the first stability factor determination to be made
at the‘ggikéiﬁity of New Mexico, a good deal of preparatory work had to
be de§;¥b§t§{in building the necessary line of yaw card frames and
in becd&iﬂé familiar with the theory and technique involved. The

method used was that currently in use at Aberdeen Proving Groundhz(
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In the case of some of the earlier determinations a check on the value
of the stability factor computed by the APG method was obtained by
using the data to compute a stability factor by the formula of Fowler,
Gallop, Locke, and Richmondhﬁ{ The methods employed and the experi~-
mental data used in the computation for the first determinations were
made the subject matter of a special reporthh{

The University of New Mexico decided to make the first determina-
tion on projectiles fired from the 75-mm gun M3. To avoid the labor
of making up the sabots for this work, 15 projectiles from the lot of
70 projectiles made to design 28-75 D that had been supplied to Aberdeen
were obtained. As supplied to APG the M86 subcaliber projectiles had
been filled with sand and shot and plugged. For the stability factor
determinations these projectiles, and all other M86 projectiles used,
were filled with ammonium alum and fitted with an 0.85 1b dummy fuze
made to simulate the base detonating fuze M72.

The results of this and other stability determinations made in
the course of developing the AP round for the 105-mm Howitzer M3, are
given in Table X. Two values are given. The value in the ninth

column, 1is the value obtained directly by computation from the yaw
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42/ This is described in APG Report X-113, "Resistance and
Stebility of Projectiles. Experimental Methods and Details of Com-
putation," by H. P, Hitchcock.

The Aerodynamlcs of Spinning Shell. Pnil. Trans. Roy. Soc.

L/ "Stability of the 57-mm M86 Projectile Saboted in the 75-mm
Gun M3 October 26, 1943." University of New Mexico Special Progress
Report, Contract OFMsr-6€5.
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card data, corrected to standerd air densily. It thus applies at a
point, dedignated a, some distance in front of the muzzle. The value
for the stability factor at the muzzle is computed from it by finding

| the drop in velocity of the projectile in going from the muzzle to the
point &, and assuming that no change in spin occurs in going this
distance. This value is given in the next column. It is the value
with which we are concerned,Aé/

Stabllity factor determinations were also made by firing the
projectile from the 105-~mm Howitzer M3. The values obtained with the
75-mm gun and with the 105-mm Howitzer showed that the stability factor
of the projectile was too low to permit its use in a sabot for the
105-mn Howitzer without modification.

While these determinaticns were in progress, Division 1 had been

looking into what might be expected from shortening the windshield.

It was found that the windshield from the 3" APC M8 or from the 75-mm
APC M61 projectile, if cut off so as to be 3.2" in length measured a~
long the axis, could be fitted nicely to the armor piercing cap of the
M86 by turning down a portion of this cap,infront of the crimping
groove for the windshield,to fit the taper of the windshield. Calcula-
tions & the stability factor to be expected from the modification were
mede for Division 1 by the Geophysical Labtioratory using an empirical
formila due to Hitchcock®®! e value of the stability factor of the

45/ The computation of the stability to the muzzle was done for
Division 1 by J. McG. Millar ofthe Geophysical Laboratory.

46/ A.P.G. Report X-113, p 3l.
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modified projectile arrived at by the calculations was as high as ap-
peared useful.

1
|
In the meantime, an experimental determination of the stability i
factor of the projectile without windshield was made. When this re- ‘

sult became known, it appeared that the actual value of the stability y
factor with a 3.3" windshield would be considerably below the value

that had been calculated. However, a considerable reduction could

probably be tolerated, the 3.3" windshield was easily made and attsached,
and a value determined with it would permit drawing a curve of stability
factor against length of windshield. Accordingly, the determination
was carried out. This was done using steel windshileds 3.3 long

cut from windshields for the 75-mm APC M61l. The value obtained is

shown in Table X. From the curve showing the reactionship of stability
factor to length of windshield, it was now possible to select a length

of windshield to give any stability factor desired.

Choice of Stability Factor for Suvbealiber Projectile

While the stability fictor determinations were being made, Division
1, had been trying to obtain a figure for the minimum value of the
stebility factor that would be considered satisfactory. The Ordnance

Department had no set minimum figure. In A.P.G. Report X-113, on page

33, 1t 1s stated that "in practice, = (stability factor) should be at
least 1.3 to allow for the effect of high air density as well as errors
in the computations and estimation of h and Cy." A figure of 1.25 was
stated by one authority to be the minimum acceptable value. Another

authority said that the stability factor should be at least 1.1 under
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the conditions of firing. The stability factor varies inverselyas

the density of the air. If jt i1s to be 1.1 in still air at =40°F and
76d-mm Hg, it must be 1.35 under standard conditions. If it is to be
1.1 in still air at OSF and 760-mm Hg, it must>be 1.27 under standard
conditions. There was a requirement that ammunition should be service-
able at -40°F, From this it appeared that 1.40 was the minimum value
acceptable. Now yaw of an armor plercing projectile at the instant

of impaet results in decreased penetration, and the higher tﬁe stability
factor the quicker yaw is damped out. .There is therefore, in the case
of armor plercing projectiles, an advantage in a stability factor
higher than the minimum.

On November 17, the curve of staﬁility factor against length of
windshield, obtained as a result of the determinations made by the
University of New Mexico, together with drawings showing the M86 with
the different windshields, was studied at the Ballistic Sectionhl{

It was then stated that a factor of 1.5 would be considered acceptable,
and that, Jjudging from the data available, it would be better to ac~
cept a value éf 1.5 than to try to obtain a higher value, as that
would increése the retardation, and consequently decrease the pene-
tration at zero yaw except close to the muzzle.

Ih order to learn whethér or not there was in production, or on
hand, a windshield that could be used to make a windshield for the

APC M86 that would give a stability factor close to 1.5, a search was
made through the drawingé of all projectiles being made for the

Ordnance Department. None was found.
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%1/ The Ballistic Section of the Material Branch of the Technical
Division of the Office of the Chief of Ordnance.
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On December 2, at a conference in the Ballistic Section attended
by representatives of the Ballistic Section, Division 1, NDRC and the
University of New Mexico, it was decided to use & windshicld 2.9"
long which was the length corresponding to a stability factor of 1.5"
according to the curve of stabilityfactor vs. length of windshield.

On December 3, the Atlantic Elevator Company of Philadelphia
undertook to spin up the windshields from steel following a drawing
supplied by the University of New Mexico. The first small lot of wind-
shields was recelved at the University of New Mexico about the New Year,

On January 10 and 11, firings were made at the University of New
Mexico Proving Ground for stability factor of the 57-mm APC M86 pro-
Jectiles fitted with the new 2.9" windshield. The value found, l.44

(see Table II), was slightly lower than the expected 1.5, but was con~

sidered to bs satisfactorily close to it.

During the discussion of the most suitable stability factor, on
November 17, it was quite evident that calculations of the penetration
to be expected at different ranges with different lengths of windshield
were needed. Before these calculations could be made, however, retarda-
tion measurements were required so that strdilung velocities could be
computed. The necessary data were on hans’ ne M86 projectile fitted
with the standard windshleld but dat; W ed for the modified
projectiles and it appéared that & . mld probably elapse he-
fore measurements could be made at A.F. » was requested by the Office

of the Chief of Ordnance that, if the Uni ‘sity of New Mexico could

make the reguired measurements; thay be nsked to do se.
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The University of New Mexico had developed a technique by which
the data nssded, i.e., the striking velocities, could be obtained ex~
perimentally fromeach individual round over the full length of the
required range. The equipment needed was simple and was on hand.
After the problem had been discussed with the University of New Mexico,
Division 1, on November 20, 1943 requested that the measurements be
made firing on APC M86 with standard windshield, and with no wind-
shield but with the ogive of the armor piercing cay continued forward
to a pointég{

The technique used has been described in detail in an NDRC report
and therefore will be but briefly outlined hereég{ A projectile fltted
with a tracer is fired along a previously surveyed line along which
reference lights are fixed at known points. A camera is set up to
one side of the surveyed line and orlented so that its field embraces
the irajectory £o be studied. A vibrating wvane swings in front of
the camera lens and gives a succession of breaks in the image of the
tracern, two breaks for each cycle. Comparator measurements are made
of the coordinates of the beginning and end of each break, and of the
images of the reference lights. Horizontal and vertical coordinates

can then be determined for the corresponding points of the trajectory,
and related in time through the perlod of the vane.
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48/ The AP caps of the 57-mm APC M86 projectiles on hand at the
University of New Mexd.co had & flat on the nose; however, the curve of
the ogive if continued forward gave a sharp point at the position of
the flat,

52/ "Trajectory detemination by tracer photography." NDRC Armor
aud Ordnance Report A-283 (OSRD No. 3890), July 3, 1944, by %, D.
Crozier and others, of the University of New Mexico.
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Table V

List of Charts Showing Range Against Time of Flight, and Remaining
Velocity Against Time of Flight

: Length of Conditions
Date of Windshield Design No. MV for which
Firing Gun Inches of Sebot ft/sec Data Given

10/29/43 75-mm gun M3  Standard, 4.5" 28-75 D 2700% field
10/29/a3 75-mm gun M3  Standard, L.5" 28-75D 2700 standard

10/29/43  75-mm gun M3 Stmi;ngZi-m 2030  standard
11/30/43  105-mm How M3 Standard, 4.5" 9-105 C 2300 field
12/7/43 105-mm How M3 . '3.3" 9-105 C 2640 f1dd
12/7/43 105-mm How M3 1,351 9-105 C 2605  field
2/17/1L 105~mn How M3 ' 2.91 2-105 R 2650  field
2/17/ 1L, 105-mm How M3 2.9 2-105 R 2680 field

# This is also the MV of the 57-mm gun Ml firing projectile 57-mm APC
Mg6.
## No windshield - effective length 1.35%,

In each case the chart shows the weight of the projectile as fired.

In this way, data were obtained, and charts prepared showing the
remaining velocity and range against time of fllight for the various
modifications of the 57-mm APC M86. The same was done for the standard
75-mm APC M6l, plugged, so that comparisons could be made with corres-
ponding data obtained by orthodox methods. These charts are listed in

Table V22 Copies of the first six charts listed, together with a re-
port on the method used, were delivered to the Office of the Chief of
Ordnance by Division 1, NDRC on December 24, 1943.
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59/ Copies of all these charts are included in Final Report, Con-
tract OFMsr-668, Supplements 1, 2, and 3, dated March 10, 1944.
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The data for orojectiles fitted with 2,9" windshields were obtained
by firing projectiles ldentical with the 110 sabotmrojectiles 105-mm/
57-mm (APC M86 modified) supplied for testing by Aberdeen Proving Ground
and by the Infantry Board but filled with ammonun alum and fitted with
iﬁert fuze BD M72. The charts prepared from these data were sent to
the Yrdnance Depratment on March 10, 1944, together with other data
about this lot of vrojectiles.

It has been noted that charts giving data for firings from the
75-mmn Gun M3 were inclosed with those sent to the Office of the Chief
of Ordnanpe on Deéember 2L, 1943. One of these charts was prepared
fromdaa obtained from a standord 75-mm APC M6l round. The Bsllistic
Sectlon carefully compared the data on this churt with corresponding
data that had been obtalned by Aberdeen Proving Ground using the

orthodox methods. The agreement was excellent.

Development of Sabot Mechanism for; and Produetion of. Armor Piercing

Sabot Projectiles

4{@.\

The informal request by Division 1, NDRC, on August 18, 1943, to
have armor piercing and high explosive sabot projectiles for the 105-mm
Howitzer M3 developed by the University of New “exico had stated that

the sub%?}ibar projectile for the high explosive nrojectile should be

the $9 ég'e@ell ML4R2AL and that for the armor piercing orojectile should B

bé the ‘57-mm APC M86, unless experimental work should prove that this

& i
Heriarote

was imqyacticable.

PR

Dosign work was commenced at once on receint of the request, and,
as a supply of U86 projectiles was on hand, some s:zbot projectiles

were soon made up. The howlbtzer was received on September 10, and by
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October 12 powder, cartridge cases, and primers had been recelved
and experimental firings could begin. The first design of sabot for
the 57-mm M86 projectiles, No. 2-105, followed very closely the de-
sign 28-75 D to which the 75-mm/57~mm {APC M86) sabot projectiles
supplied to the Ordnance Department had been made. . Some details of
this and succeeding designs are given in table XIA. Because of the
advantage in armor penetration to be gained from a light sabot, a
goud deal of effort was directed toward lightening it. The first
modification, resulting in design 2-105A, was to lighten the threaded
steel ring by drilling 8 equally spaced holes 1 inch deep from the

front face. For the same reason 8 holes were drilled the length of

" the plastic sleeve or bourrelet. This "ventilation" of the sleeve

also took the place of the usual radial slits to insure symmetrical
breakup.

The next move was to use dural instead of steel in the threaded
ring. Three designs, incorporating this feature, 6-105, 9-105, and
9-105A were tried. The first two of these had solid plastic sleeves
with the usual breaking slits. In the third design the sleeve was
"ventilated." At this time the only powders available at the University
of New Mexico Proving Ground (lots 4254 and 5870) were not too well
suited to firing these sabots. Lot 4254 was rather too slc s, so that
there wag some spitting of unburred powder from the nuzzle. However,
it gave quite satisfactorily uniform pressures and velocities. Lot
5870 gave rather erratic pressures, some of which were quite high.

The dural worked fairly well with lot 4254 but would not stand up to

.the higher pressures frecuently given by lot 5870. A desiga, 9-105C,

was tried in which the dural ring of 9-105 was replaced by a steel
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ring with 12 holes drilled from the front to lighten it. The sleeve
was again ventilated. This design gave moderately good results with
both powders, verifying the conclusion that the failure had been be-
cause of the dural. It was concluded that the margin of strength in
the dural was insufficient for these designs, and its use was abandoned.

A base ring type of sabot, design 5-105, was tried while the ex-
periments with dural were under way. The base ring, of heat treated
steel, had a shallow cup én the front face, into which the base of the
M86 projectile fitted. The plastic sleeve was threaded to the steel
base ring. This design gave poor flight. This was attributed to the
weakness of the bourrelet brought about by the large diameter of the
"ventilating" holes. It should also be noted, however, that the base
ring and the subcaliber projectile are not held together as securely
as the threaded ring and subéaliber projectile of designs like 2-105.
A1l the other designs tried were threaded ring types.

Attention was now centefed on modificatiecns of design 2-105., The
length of the threaded steel ring was shortened so that it extended
forward only Just beyond the rotating band, and holes were drilled in
it from the rear. Both these changes removed weight. Efforts were
still made to lighten the plastic bourrelet by drilling holes length-
wise in it, "ventilating it," or By removing meterial from the inzide
of the sleeve except at the ends. However, these efforts were abandoned
as large initial yaws persisted, and in the effort to reduce the large
initial yaws the plastic sleeve ﬁas again made solid except for the
breaking slits, and the windage was reduced. The bore diameter of
this howitzer is 4.134" + .002". The diameter of the sleeves had

been 4.128" - ,005". This was increased to 4.,131" - .003", but the
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large initial yaws persisted. Although there had been no direct
evidence of asymmetrical reclease of the parts, and many evidences

of symmetrical release, an effort was made to improve the symmetry

of release, in the hope of decreasing the yaw, by ilncreasing the
number of segments in the threaded ring and in the sleeve, and by
dividing the plastic sleeve.into three rings. However, the.large
initial yaws still persisted. No significant engraving of the plastic
was being experienced but it seemed possible that the high compressi-~
bility of the plastic material permitted considerable decentering

of the projectile. Large initial yaws had not been experienced with
either the 75-mm/57-mn (APC M36) projectile or the 105-mm/3" (HE M42A1)
projectiles. However, not only had these projectiles been longer in
proportion to their diameter, but the thickness of the plastic in the
sleeve had been lessj;( The forward part of the plastlc was next re-
placed by a ring of dural and the increased diameter was maintained.
This change resulted in decreased yaws, and was adopted for the final
design, 2-105R, to which the lot prepared for the Army was made. This

design 1s shown in Figures 4 to 7 . It should be noted that the

51/ In the work done earlier at the Geophysical Laboratory, after
adopting the plastic bourrelet introduced by the University of New Mexico,
it was found that yaws remained large and dispersion unsatisfactory until
a means was found of simultaneously decreasing the windage and offsetting
the high compressibility of the plastic. An internsllv coned sleeve of
plastic was fitted cver a corresponding cone on the forward end of the
large plastic sleeve. On setback, this sleeve moved to the rear overs the
coned surface on the large sleeve until stopped by a shoulder on the large
sleeve. As it moved back the sleeve was expanded, filling the bore. This
idea was incorporated in projectiles for the 20-mm gun¥# and later in pro-
jectiles for the Br.l7-pounder (3")## and for the 105-mm Howitzer M3k,

3 NDRC Renort A-233 (OSRD No. 2067) "Development of subcaliber pro-
jectiles for the Hispano-Suiza Gun," by C. L. Critchfield and
J. McG. Millar,
% Projectile Test Report AD-P99 Ordnance Research Center, A.7.G. Report
on test of 3"/57-mm Sabot type projectile Ausust to Novenhsr 1943,
#¥3#E A,P.G. Firing Record, 24905 July, 19/3.
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three outside shops. The assembly of the parts was cerried out at
the University of New Mexico. On March 9, 194J, 110 of these projectiles
werc shipped to Picalinny Arsenal where the projectiles were to be
filled and fuzed and made up into complete rounds preparatory to testing,
first by the Ordnance Department at Aberdeen Proving Ground, sand then
by the Infantry Board at Ft. Benning, Georgia.
A dispersion test of design 2-105R was made on March 10, 1943.
The data are listed in Table IX. A dispersion test of desien 9-105A
in comparison with the standard HE M1 fired with full charge had heen
fired in November. Only 4 rounds of each type werc fired. The data
are also listed in Table IX.
The following data will amplify those given on the drawings:
Subcaliber projectile  57-mm APC W86 made up without band seat or
rotating band, in condition as machined i.e.,
not heat treated, fitted with special short
windshield 2.9" axial length.
Welght 6.09 1lb, empty, without fusze.
Weight 7.00 1b, inert loaded with fuze, BD M72.
Sabot Threaded ring type of cold rolled steel, with
bourrelet of poper-laminated phenol-formal-
dehyde plastic tubing (Textolite) ASTM type
XX with dural ring in front, Bonrrelet
diameter L4.130" - 0.003",
Weight 4.12 1b,
Total weight ' Inpty, no fuze, 10.22 1b.

Inert filled, with fuze BD M72, 11.13 1b.
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diameter of the bourrelet in this lot was 4.130"--0.003" i,e., 0.001"
less than the maximum diameter tried.

Portions of these dursl rings that were recovered at the University
of New Mexico Proving Cround showed that only superficial engraving
was occurring. It will be recalled that the howitzer in use by the
University of New Mexico was new. How these dural rings would have
behaved in a more worn howitzer, therefore remains s question. TFx-
perience elsewhere with dural has shown that it has very little re-
sistance to deep engraving, and, for this reason, 1s frecquently unsatis-
factory as a bourrelet material, Deep engraving tends to occur especially
in worn guns. A steel band over the dural, to provide a bearing against
the bore, has been used successfully on British and U. S, service pro-
Jjectiles, and was later adopted in the University of New Mexdco designs.

About the middle of February, the plastic for the bourrelets was
given an immersion test. The plece tested was several inches long.
The inside diameter was 2.9", the outside dimmeter 4.153" initially.
It was boiled in water for three hours, then let dry and cool at room
temperature for one and one-half hours. The outside diameter was then
41561, It was then left submerged in water at room tempervature for
21 hours and let dry at room tempersture for two hours. The outside
dismeter was then 4.155", Xt will be recalled that the bourrelet
diameter adopted in design 2-105R permitted only 0.003" expansion in
the diameter of the plastic.

As soon as the desipn 2=-105R had been found to glve rood results
with small yaws, production of the nrojeeiiles to he supplied to the .
Army was bepun. Because of the load of vork in the shop of the Depart-

ment of Physies, arrangements were made to have parts produced by
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Development of Sabot Mechanism for, and Production of UE Sabot Projectiles

No difficulty was experienced in developing the sabot for the high
explosive shell., The final design 3-105B is shown in Firures
This design was developed in three steps from the basic design 28-75D.
No difficulty from large yaws was experienced, so the bourrelet diameter
was left the same as in the first design tried, i.e., 4.128" - 0,005".
In the first design tried, 3-105, the threaded steel ring extended 3/4"
in front of the rotating band. The plastic bourrelet was held in place
between the threaded steel ring and a small shoulder formed on the
bourrelet of the shell M42AL by turning the shell down to 2.90", from
the base forward 5.32"., In design 3-105A the threaded steel ring was
lightened by reﬁoving the steel in front of the rotating band., In 3-105B
the lightened ring was retained and the height of the shoulder on the
M4R2A) was decreased by increasing to 2.965" the diameter to which the
shell behind it was turned., In assembly the plastic sleeve was placed
on the shell from the rear, then the steel ring, which had already been
banded, was screwed on.

2-1054 was tested for release at reduced charge. Operation was
satisfactory at 11/16 charge MV 1460 ft/seq but release did not take
place at 5/8 charge MV 1330 ft/sec.

A dispersion test of design 3-105A was made on November 25, 1943
and another dispersion test of 3-105B on February 16, 1944. The latter
tesl, was made on projectiles chosen at random from the lot made up for
test by the Ordnance Department and the Infantry Board. The results

of these tests are stated in Table IX.
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Although the final design 3-lOSB is almost exactly the same &as
3-105A, the second desipn tried, other desigms were exmerimented wiil,
The designs tried may be divided into thrae types according to the
type of base by which the thrust and torque are imparted; threaded
ring, base plate, and groove and ring. A1l three have plastic sleeves
or bourrelets. Some details of these designs are given in Table XIB.

The only other threaded ring design tried was 10-105B. The threaded
steel ring was only the length of the rotating band and was partially
segnented by slits running from the inside out. A plastic sealing ring
was fitted behind it. The slits were filled with metal sheet to pre-
vent distortion upon transmission of torque. The total welght was 3 1b.
Three rounds only were fired. Operation was satisfactory at 2000 ft/sec
and at 1755 ft/sec but it did not release at 1535 ft/sec.

Three base plate designs were tried. L~-105 had a solid base plate
of cold rolled steel with a shallow cup on the face into which the base
of the Mj2AL shell fitted._ The plastic sleeve was held to the base
plate by L screws threaded into the plastic. The M4RAL was held in
place by set screws passing through the plastic and fitting into the
erimping groove of the Mj2A1. Total welghts of the sabots of the two
examples tried were 4.25 and 3.22 1b,. Operation was satisfactory in
both cases. 11-105 was similar to 4-105 but the base plate had a hole
in the center, and was made of SAE 4130 steel, heat treated. The total
welght of the sabot was 3.4 1b in one model with solid nlastic sleeve
wlth 4 breakiné slits, and only 2.5 1b in the other model tried, which
had holes drilled lengthwise in the bourrelet to lighten it. Both
models failed in the gun. 11-1054 was the same at 11-105 exce,t that

the area of the hole in the base plate was decreased, and, in both of
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the two models fired, the bourrelet was solid except for the hreaking
slits. Both models fired tumbled in flight. Recovery of parts in-
dicated that separation of the base plate and the subcaliber projectile
had occurred in the bore. It should be noted that these designs do
not secure the subcaliber projectile to the base plate as strongly as

the subcaliber projectile is held to the threaded ring of designs

like 3-105, end in this respect are not as s#tisfactory as the threaded
T ring typeﬁgz

| Design 7-105 made use of the groove of the band seat of the MAZAL
slightly deepened (dismeter 2.645"), to apply thrust and torque through
a steel ring, of 4 tightly fitting segments, that fitted into the groove,
'é and was held together by the rotating band. A plastic sealing ring,
partially segmented, was fitted behind the segmented steel ring. The

total weight, with solid plastic bourrelet, was 3.75 lb. Two examples

were Tired. Both performed satisfactorily. Design 7-1(05A was made

P .

§ ’ . slightly lighter by cutting a deep groove in the rear face of the seg-

T e

mented steel ring. Total weight of the ssbot was 2.75 1b., Two pro-
jectiles were fired, one at full, one at 3/4 charge. Both were satis-

factory. Two more projectiles were made to this design but with the

52/ The drawings of 4~105, base plate design for the 105-mm/3"
sabot show the plastic sleeve secured to the steel base plate by
screws threaded into the plastic from ths rear, and the subcaliber
projectile held in place by set screws through the plastic sleeve.
In 11-105 the plastic sleeve was held to the base plate by 0.3" of
threads 3.27" diemeter. The way irn which the subcaliber projectile
is held in place is not shown on the drawings. Design 5-105, for

, the 105-mm/57-mm sabot, is like 11-105. The threaded portion of
' the plastic sleeve is 0.35" long and 3.2" diameter. The way in
which the subealiber projectile is secured in ploce is not shown.
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segmented steel ring ritted loosely into the groove on the MA2A1 with

.020" clearance in front of the ring. These were firved, one at full

charge, one at 11/16 charge, to see if failure would occur under these

circunstonces. Separation and flight were satisfactory slthough there
was some initial yaw at full charge. |

As soon as the design 3-105B had been selected, during the first
week of December 193, the preparation of 100 projectiles for trans-
mitlal tothe Army fortest was bégun in the shop of the Physics Depart-
ment of the University of New Mexico. However, a great deal of other
work was being done there, both on other phases of the sabot develop-
ment, and on other unrelated work, so that it was not until February

16, 194, that the 100 projectiles were shipped to Picatinmy.

The following data apply to the projectiles of ﬁh&t shipment, UNM

Design No. 3-105B.

Subcaliber 3" HE shell M42A1 empty. Outsicde dismeter reduced to

Projectiles
2.965" from the base forward for 5.32". Weight
empty, 9.53 1b ~ when filled inert and fitted with
inert fuze PD M\8 and dummy booster M20, weight
12.50 1b.

Sabot Thrcaded ring of cold rolled steel with integral skirt
to fit into cartridge case, ring screwed to HE
shell MA2A1 after having been banded and after
plastic sleeve has been put on M,;2A1. Bourrelet
sleeve of paper-laminated phenol-formaldehyde plastic
tubing (Textolite) ASTM type XX. Bourellet diameter
L.128" - 0,005",

Total welght of sabot 3.12 1b.
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Total weight Enpty, 12.65 1b.

Filled inert, with inert fuze PD M48 and dummy booster

M20, 15.42 1b.

Propellant Charges for the Sabot Projectiles

Some of the difficulty experienced in developing the sabot for
the armor piercing round was connected with the powder. For this
reason the following notes about the powders are included.

In July 1943, Aberdeen Proving Ground had fired 12-1b slugs
in the 105-mm Howitzer M3 to establish a charge for the 105=-mm/57-mm

(M36) sabot projectiles supplied by the Geophysical Laboratory. As a

result of trying five different lots of powder, a charge was established

for FNH M2 lot 425i. The welght of charge was 59 oz, average pressure
24370 p.s.i., average MV 2526 ft/sec maximum recoil 31 5/8 inches.
This powder was the best available at APG but was rather too slow as
there was considerable spitting of unburned powder. A quantity of
this powder was on hand at the University of New Mexico Proving Ground.
It was believed that, although a faster powder was desira%le, where
the maximum uniformity of ballistics was required, this powder would
do for the first of the experimenteal firings of the armor piercing
sabot projectiles.

As soon as the approximate weight of the HE sabot projectile,
15 - 17 1b, was known, it was communicated to the Geophysicaleabora-
tory, where calculations were carried out to get the relationship be-
tween web, charge welght, pressure, and muzzle velocity, over the

range within which the maximum muzzle velocity might be expected to
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lie from what was known about the limitation to muzzle velocity in
this howitzer. At the same time, similar calculations were also made

for the lighter armer piercing projectile. Powders to meet the web

B

specifications of the Geophysical Laboratory were selected by the
Office of the Chief of Ordnance, and a supply was shipped by express
to the University of New Mexico, where it arrived on October 4, 1943.
The powders selected were FNH M1 lot 5870 web SP 0,016 and FNH M1 lot
X¥-6099 web SP 0.023.

The slower of these two powders proved quite satisfactory for the
HE projectile and waé used throughout the experimental work.

The faster of the two, lot 5870, proved rather unsatisfactory
for the armor piercing projectile. The pressures weres rather erratic
and occasionally excessive. However, as lot 4254, which had been on
hand, gave satisfactorily low and uniform pressures with satlsfactorily
uniform muzzle velocitles, most of the experimental firings of the
armor plercing projectiles were done with it until about the begining
of January 1944. About this time ibyggcome evident that the initial
yaws of the sabot projectiles were higher than they should be, and
efforts were being made to locate the cause. Lot 425} gave excessive
muzzle blast. It was expected that the muzzle pressure with it was

high, and there was a susplcion that this might contribute to the yaw.

It therefore became most desirable to have some satisfactory powder

- faster than lot 4254L. More attention was paid to lot 5870. Although

no slugs had been fired with this powder, it was suspected that the
erratic pressures might be caused by differences in starting pressures

from round to round, and the sabots were redesigned to test this.
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The steel skirt that projects to the rear inside the cartridge

(e

case is expanded against the case, and this in turn against the bore,
when the pressure inside the cartridge case rises. This introduces
a drag. This skirt was omitted in Designs 2-105N and 13-105. 1In
13-105 the diameter of the rotating band was also decreased. These
changes designed to reduce the starting pressure did not remove the
difficulty.

By this time there was a moderate body of data on firings with
this powder. While the pressure data were erratic, and there were
sporadic high pressures which suggested faulty ignition, the presswures
were generally high and indicated that a slower powdsr would be better.
Caleulations were made at the Geophy=ical Laboratory for more suitable
webs of Ml and M2 powders, both SP and MP and tﬁe Office of the Chief
of Ordnance chose three powders, FNH ML lot 3527-30 SP .018, FNH M2
lot Rad=-3004 MP .0324 and FNH M2 lot Rad-3005 MP .0370, and had supplles
of thess shipped by express to the University of New Mexico. Shortly be~
fore this, the 0ffice of the Chief of Ordnance had found that sporadic
high pressures in the 76-mm gun were eliminated by using a long primer
vented at the forward end, i.e., by igniting the charge at the forward
end. It was suggested that similar primers might overcome the dif-
ficulty being experienced, and arrangéments were made for two types of
long primers, the M22 and the M31l, differing only in the amount of
black powder load, to be sent to the University of New Mexico. In the
meantime, welghts of charges for the three new powders were computed
at the Geophysical Laboratory. When the new powders arrived, it was
found that both lot 3004 and lot 3005 worked well with the standard

primers used in the cartridge cases for this howltzer, giving uniform
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and satisfactorily low pressures, All subsecuent
‘using these powders. Lot 3527-30 was used only once, an excessive
pressure resulted.

When the sabot projectiles were shipped to Picatinny Arsenal
for filling, Division 1, NDRC passed to the Office of the Chief of
Ordnance the data that had bsen obtained from the firings with respect
to propellant charge. These follow:

Sabot projectile to designs 2-105R.

Total weight, inert loaded, with fuze 11.13 1b
Total weight, empty, without fuze 10.23.16
Powder FNH M2, lot Rad-3004, web .0324 MP

Charge wt. 3.55 1b (1610 grams)

Pressure 26000 p.s.i. (copper) (See Appeﬁdix II)
MV 2660 ft/sec

Recoil 31.75 in. (at 52°F).

Mternate charge to glve approximately the same results 3.9 1b
(1770 grams) FNH M2, lot Rad-3005, web .0370 MP.
Sabot, projectile to design 3-105B.

Total weight, inert loaded, with fuze and booster 15.62 1b
Total weight, empty, no fuze or booster 12.65 1b

Powder FNH M1, lot No. X-6099, web .022 SP

Charge WI 3.0 lb (1362 grams)

Pressure 1900 p.s.i. (copper) (See Appendix II)

MV 2000 ft/sec

Recoil 31 in. (at 32°F)

Hop about 3 1/4 in.
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These charges, as shown by the recoil, were the maximum that
could be used. The projectilus were designed so that they had a good
mergin of safety with these charges and would operate satisfactorily

at much lower MV's than given hy these charges.,

Difficulty with Sights of Howitzer

It will be recalled thal at the conference on August 7, 1943,
when the Infantry representative had asked for the development of the
sabot projectiles for the ] O5-mm Howitzer M3, it had been said that
the accuracy of this howitzer was unsatisfactory with full charge, and
became satisfactory only when the charge was reduced to that for the
third zone, and that inguiries made by Division 1, had failed to un-
cover the cuuse of the inaccuracy.

As the firing with the howitzer at the University of New lexico
proceeded, the main difficulty encountered with it was from the sights.
It was found that so much play developed in the sights that accurate
shooting was not possible with them, As this was probably brought
about by the Jarring caused by firing, it was expectable that less
trouble from this cause would be encountered when using the charge
for the third zone than when firing with full charge.

When this was brought to the attention of the Ordnance Department,

it was learned that the sights had glven a good deal of trouble, but
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that it was believed that this difficulty had been overcome, without

ny radical change in desigu, by increasing the strength in a few

']

places, and by tightening up on specifications and inspection; and
that the sights being issued currently would not develop more than
about 1 mil playzj{ It was also believed that the Infantry Board,.
who were quite familiar with this difficulty, had thoroughly satis-
factory sights on the howltzers they were using.

The howitzer carriage has a firing base which is lowered under
the carriage to provide a firm support for firing. Even when using
this firing base, however, the howitzer has considerable hop with
full charge at low angles of elevation.

At the University of New Mexico all firings were done from the
firing base. After trouble was experienced with the sights, their
use was abandoned. The howltzer was then laid for line by bore sight-
ing, and for elevation by means of a gunner's quadrant. At first,
bore sighting was done by méans of a peephole and string; later, by

means of a telescope held axially in the bore.
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53/ The handwheel for traversing this howitzer is located on the
left=hand side of the carriage, that for elevating it, on the right.
The man who is laying for line looks at the target or at the aiming
point through an elbow telescope (M62) which is mounted on a telescope
adapter (M9). The adapter provides a motion about a vertical axis and
1s fitted with an azimuth scale, which for direct fire is set at zero.
The telescope adaptor is mounted on telescope mount Mlé.

Elevation -for range is put on by means of a handwheel on the right

side, using a range quadrant M8 mounted on the right side of the carriage,

or, in case of direct fire, by sighting at the target through an elbow
telescope (M61l) which is mounted on he range cuadrant. This telescope
is fitted with a reticule of horizontal lines corresnonding to ranges,
and laying for range is sccomplished by turning the élevating hand-
wheel until the appropriate line is on the target.
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Filling Projectiles at Picatinny Arsenal

At Picatinny Arsenal both lots of sabot projectiles were made

-

b
w

nto ssmil-Iixed rounds, preparatory to being sent to Aberdeen Prov-

e}
Fe

ing Ground for tests there by the Urdnance Department. The data on
charge, pressure, muzzle velocity, recoil, and hop that had been ob-
tained by the University of New Mexico and passed by Division 1, NDRC
to the Office of the Chief of Ordnance were checked over by Aberdeen
Proving Ground, and it was decided that it would be unnecessary to
make firings to determine a charge, and Picatinny Arsenal was in-
structed to fill the full charge to which the UNM data applied. In
each case this was about the maximum charge that could be used with
the projectile as judged by the length of recoil. If, when the pro-
jectiles were fired at A.P.G., experts on the 105-mm Howltzer M3 de-~
cided that the charges should be reduced, this could be done.

The projectiles were made up into 4 lotsﬁh{ The propellant
charges loaded were the same as those used at the University of New
Mexico. The rounds were filled as follows:

105-mm/3" (HE gg2A12

A1l propellant charges 3 1lb, FNH M1, lot X-6099

50 projectiles, lot PAF-6117,-2919, filled cast TNT, fuze PD M\8A2

50 projectiles, lot PAE-61174-2920, filled inert, live fuze

PD M48A2, live boosters M20Al.

105-mm/57-mm_(APC M86 modlfied)

M1 propellant charges 3.55 1b FNH M2 lot Rad-3004, filled in

seven small bags.
Details are given on Ammunition Data Cards #'s 6659(HE inert),
6660 (HE filled TNT), 35515 AP (exp D.), 35516 AP (inert)
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--projectiles lot PA~115-1 filled explosive D, fuze RD M72

--projectiles lot PA-116~1 filled inert, live fuze BD M72

The projectiles were then shipped tb Aberdeen Proving Cround.

Accegtance Tests at Aberdeen Proving Ground

Firing tests were made at Aberdeen Proving Ground on June 7 and
8, 19AA;E{ Observations were made on the functloning of the howitzer
with the rounds, and recoil and jump were recorded. Hop was observed,
but the estimates are not a part of the record. The pressure, the re-
tardation, and the muzzle velocity were obtained. Tests were also
made of the functioning of the fuze and of the HE filling.

The 105-mm/3" (ML2A1l) rounds proved quite satisfactory. However,
the light was so poor that bore sighting was very difficult, and con-
secuently the measurements of jump are only an approximation. Recoil
varied from 28 1/2 to 31 in. Pressure averaged 26680 p.s.i., max.
29700, min. 24300. MV sverapged 1986 ft/sec, max. 2009, min. 1971.

The form factor relative to Projectile Type 6, calculated from the ,
retardation, was 0.96 at 1943 ft/sec. p

The 105-~mm/57-mm (M86 modified) projectiles were fired on the
second night, and, cc the li-hi was then much better, the measurements i
of jump werec more reliable. The first round fired developed a pressure

of 45,000 p.s.i. and the recoil was 32 1/8". The velocity through

55/ A.P.G. Firing Record )-31518. This firing record includes
copies of the ammunition data cards, and photographs of the projectilesz
showing the construction. Detailsof the firings and the results are
given.
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the firsi palr of coils was 2700 ft/sec, at the muzzle 2760 Ii/sec.
The charge was then reduced to 3.44 1b by removing one of the small
sacks, which weighed 0.106 1b (zone II charge). The pressure and re-
coil resulting were considered acceptsble. The recoil varied from
31 5/8 to 31 7/8 in. The pressure and #V were quite uniform. Pres-
sure averaged 28600 p.s.i., the maximum being 29500 p.g.i., and the
minimum 27300 p.e.i. MV averaged 2655 ft/sec, max. 2667 ft/sec, min.
2649 ft/sec. The form factor relativa.to Projectile Type 6, calculated
from the retardation, was 1.27 at 2590 ft/sec.

The fuzes and fillings functioned 'satisfactorily.

Aberdeen Proving Ground recommended that the propellant charge
of the 105~mm/57-mm (APC M&6 modified) rounds be reduced by at least
0.106 1b, and instructions were issued by the Office of the Chief of

Ordnance to reduce them by this amount before shipping the rounds to

the Infantry Board at Ft. Benning, Georgis.

Trials by Infantry Boar

These projectiles were tested by the Infantry Board at Ft. Benning,
Georgia on July 27 and 28, 1944. No offieial report of these tests
has been received by Division 1, NDRC. The following notes are com-

piled from the report of the Division 1, NDRC observer at the trials - -

105-mm/57-mm (AP M86, shortened windshield)

The tests began on Thursday afternoon, July 27. "Dur-
ing the course of the firing on that afternocon, Col. Ingomar
M. Oseth, President of the Infantry Board, stated that the
Infantry Board was primarily interested in the possibility
of replacing the 57-mm gun with the 105-mm Howitzer M3,
firing this sabot projectile. If the Howitzer, when firing
this round, should prove to be nearly as satisfactory an
anti~tank weapon as the 57~mm gun, they would be willing to

CONFIDENTIAL

&

7




CONFIDENTIAL

--90 -

accept the small decrease in armor penetration involved.
[ By making the substitutlon, more fire power could be gain-
ed. There are =t present eighteen 57-mm AT guns to the
; Regiment. These are essentially single-purpose weapons,
? of very little use except against tanks. The Howitzer,
on the other hand, is a general purpose, support weapon,
firing as it does a 33 1b. HE shell and 29 1b. H.E,A.T.
(hollow charge) shell. The possibility of the addition
of a satisfactory high velocity AR round was, therefore,
! of great interest to the Infantry Board.

"The carriage of the 57-mm gun (essentially the
British 6 pr.) has been designed especially for direct fire
; at moving targets. The layer (on the left side) has com-
plete control of the gun. Thc traverse covers a total are
! of 90°. On some models this motion is geared, on others,

! free; the layer controlling the traverse with his right
| : shoulder. Sighting is direct by open sight or by simple

L telescope. The sights are mounted directly on the teles-

' cope mount which is bolted to the cradle. Range is put

3 on by adjusting the vertical angle between the telescope

i% and the cradle, The pivot by which this is done is the

" only moving Joint between the cradle and the sights. The

5 sights do not traverse except with the gun., Lead is put

! on by means of graduations in the telescope. The layer

| also fires. The gun 1s supported on steel firing seg-

i ments not on pneumatic tires when firing. With this car-
riage, especially with the modification having free

‘ _ traverse, it is very easy to follow a rapidly moving tar-

i get.

WThe Howitzer carriage was not designed for direct
fire at moving targets. The total traverse is 45°. For
direct firg szimaih is put on by a gunner on the left side
of the Howitzer, who operates the traversing gear, using
an elbow telescope. Elevation 1s put on by another gumner
on the right sics of the Howltzer using another elbow celes-
cope with a range scale on the reticule (For indirect fire,
a range drum and bubble are used.) Neither gunner faces
the target at which he is shooting but faces in a direction
900 from the target. A very high degree of cooperation
between the two gunners is required. There are three mov-
ing Jjoints between each telescope and the gun cradle.

"The Infantry Board have modified some of thelr 105-mm
Howitzers for one-man laying., A hand-wheel has been added
to the left side, coupled with the elevating gear on the
right., A telescope mount, carrying a range drum, is then
used on the left side and the telescope with a range scale
on the reticule is mounted on it, so that the layer on that
side can lay for azimuth and elevation. The telescope is
still an elbow telescope so hat the layer looks in a direc~
{ tion 90° from the target. The sights are very much lese
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convenient than those fitted to the 57-mm gun and are much
more likely to develop play.

"The firings showed up a number of defects. The
sights would not remain in adjustment during firing., In
conversations with the officers doing the firing, I learned
that the sights have, in their experience, retained their
adjustment moderately well when firing the standard HE round,
using Charge 3, but have never been entirely satisfactory
in this respect with Charge 5. With this sabot round, how-
ever, they were much worse than with the 33 1b. HE shell
and Charge 5. This is undoubtedly commected with the a-
mount and violence of the movement of the carriage on
firing. As will sppear below, this movement of the carriage
was much worse with the sabot round than with the standard HE
round, using full charge.

"For the most part, the Howitzer was fired from its
wheels. The hop with this round was then excessive. ‘l'he
amount of hop depends on a number of factors and was dif-
ferent in each of the three positions occupled during the
tests. In one of these three positions, the hop was com-
pared with that when firing BE M1 with full charge. The
standard round gave a hop of not over 6" but the sabot
round gave a hop of 10", that is, on firing, the wheels
were lifted 10" from the ground. When the gun drops to
the ground again, it bounces up and down several times on
its pneumatic tires. This usually resulted in the Howitzer

" rolling ahead about 10" to 12", sothat the spades were no

longer engaged. On firing again, the whole carriage would
run back this distance, then the spades would engage, and
the gun would hop up about 10%. If, in putting the gun in
position, the wheels were dug in so that they would not
roll forward, this trouble would be lessened," but hop is
bound to be serious when firing from pneumatic tires.

"This violent reaction of the Howitzer when fired from
the wheels mekes it impossible for the gunners to remain
in the laying position, and for this reason, and because
the gun does not return to its original position, it is
impossible to relay quickly.

"This Howitzer is provided with a firing base so that
it need not be fired from the wheels. At my request, the
Howitzer was fired from the base, The hop was then very
much reduced and the forward motion of the Howitzer, after
firing, was eliminated. However, another difficulty appeared.
When the Howitzer is on its firing base, it is lower than
when on the whells. In this positlon, the bottom surfaces
of the trials are not far from horizontal and thus bear
on the surface of the ground over a considerable part of
the length of the trials. There is very little tendency
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for the spades to dig in and what tendency there is is
resisted by the trails in contact with the ground. After
& few rounds, the earth behind one or other of the spades
gives way and the whole Howitzer is thrown to one side.
This occurred on sod at Fenning. 1t had also occurred in
sand and gravel during test firing at Aberdeen. A larger
and especially a deeper spade would help, so would digging
the earth out frgm under the trails when putting the gun
into position.nsd/

However the hop of this weapon is so much, even when fired
from the firing base, that the layer or layers can rot keep
their eyes to the telescope while the Howitzer is fired,
(The exdt pupils are quite close to the eye pieces so that
the eye must be close to the eye plece) consequently really
rapid fire against a moving target 1s not possible.

"Whether, because the spades do not hold well when
the Howitzer is on its firing base, because of the slight
additional time required to put the weapon into action,
of for some other reason, it was evident that the users
preferred to fire the Howitzer from the wheels.

"Merely reducing the quantity of propellsnt will not
correct the trouble, for the wuzzle velocity becomes un-
acceptably low before the hop is decreased to an acceptable
amount. In this connection it is worth noting that the
recoil with reduced charge becomes much less than with the
standard round before the hop is reduced to that with the
standard round,

"The difficulties were not confined to the Howitzer.
When the sabot projectiles were tried in the Howitzer, it
was found that the plastic sleeves had swollen so that
the projectile could only be loaded by hammering it into
place. T.is was done., However, after a few rounds had
been fired, it was found that the sights did not remein in
adjustment, and so could not be depended on. Rore sight~
ing for line and laying with quadrant for elevation were
then tried but the need for hammering the projectile in
after bore sighting made this unsatisfactory. Actuelly,
sighting for line was for the most part done by sighting
over a bolt head on the breech block, lining this up with
a steel strap held verticelly against the muzzle.

"On the evenluy ol the first day, the plastic of a
few of the inert rounds was turned down so that they would

6/ The Ordnance Department have orovided en attachable spade rlote
of considerably greater width than the standard.
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load easily. It was our hope that these rounds would be
uged for & bore-sighted dispersion shoot during the course
of the next day's firing. Although this was not done,
everyone seemed satisfied from what they saw that the dis-
persion of this ammwnition was satisfactory and about the
same as that of the standard amminition.®

Even if the hop would be adequately reduced and if at the
same time the MV of the sabot round could be raised to that
of the 57-mm gun Ml (2700 ft/sec) it appesrs that this How-
itzer would not be as effective an anti-tank weapon as the
57-mm gun, for the sighting equipment is unsuitable for
direct fire at moving targets, and the elevating gear is
designed for operation from the right hand side, i.e., cne
man cannot lay for line and for range, moreover the traverse
is limited to 22 1/2° each side of center. When the car~
riage is modified, as some were, so that the Howitzer can
be elevated by the man on the left, the elevation that can
be put on the Howitzer appears to be limited by the shaft
of the elevating gear. This limitation does not affect
the use of the Howltzer against tanks but probably does
1imit its use in the normal role.

"From the comments I heard, I belleve that a carriage
reaction exceeding that of the H.E.A.T. round or of the HE
Ml round with full charge will not be acceptable. In this
connection it is worth remembering that the carriage on
which this Howitzer is mounted was designed for the 75-mm Pack
Howitzer, & much smaller weapon. fThe length and attitude
of the trials and the size of the spade were designed for
the smaller weapon. Some slight modifications of the recoil
mechanism to strengthen it were made when the 105-mm Howitzer
was put on the carriage.

"When there was no further interest in fring from the
105-mm Howitzer M3, some rounds were fired from the larger
105-mm Howltzer M2, The ammunition worked much better in
the larger Howitzer but even here there waes a very material
hop.

1105-mm ﬁn (HE M.2)

YA mich smaller number of rounds of this sabot then of
the AP sebot were fired. The same difficulties were en-
countered, but to a lesser extent. The hop with this round
was about 6" as compared with 10" for the AP.

The Infantry Board showed very little interest in this
round. Col Oseth said that slthough the AP round would be
splendid if the hop could be reduced, he did not see an ap-
plication for the HE round. With this round the hop was
less than with the AP round but it was greater than with
the standard H.E.A.T. round.

-
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"Conclusion:

"It does not appear to me that there will be a de-
mand for either of these rounds in the 105-mm Howitzer
M3 even if metal is substituted for the plastiec.

"There is still some interest in the AP round for
the 105-mm Howitzer M2."

Although the armor piercing sabot projectile could not convert
the 105~mm Howitzer M3 into as effective an anti-tank weapon as the
57-mm gun Ml it would provide this howitzer with an emergency round of
good anti-tank performance. However, as the projectile had failed in
this demonstration before a large assembly of interested officers of
high rank, and as the hop was a serious difficulty, there was little
reason to expect that it would receive further consideration.

For the attack of concrete with HE shell there is an advantage in
increased striking velocity up to the point at which the shell will no
longer stand up. The performance of the sabot round with the 3" HE Mj2
shell fitted with fuze, nose, CP, T 105 should be assessed.

Some time after these tests at the request of Division 1, NDRC,
the remaining 105-nm sabot rounds were shipped from Ft. Benning to
Picatinny Arsenal where they were to be stored until the Remington Arms
Co. were ready to replace the plastic parts with metal.

There waé every reason to suppose that the substitution of metal
for the plastlc would give little difficulty and would remove the cause
of the difficult loading experienced at Ft. Benning. Moreover, the
work done in developing the 105~mm/57-mm (M8) projectile had given
reascn to believe that metal would support the projectile central in
the bore better than plastic, and would consequently result in smaller

yaw and better accuracy.
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ARMOR PIERCING SABOT PROJECTILES FOR THE 75-MM PACK HOWLITZER

On October 11, 1943, following an inquiry from the Armored Forces,
the Office of the Chief of Ordnance asked Division 1, NDRC to estimate
what performance could be expected by firing the 57-mm APC M86 pro-
Jectile by means of a sabot from the 75-mm Pack Howitzeriz{

Celculations were made at the Geophysical Laboratory and led to
the estimate given in the footnoteég{ Because of the high twist of the
howitzer the projectile would be amply stable, and better penetration
would be achieved with this than with a larger projectile. Calculations
made at the University of New Mexico indicated that the sabot design
28=-75D when fired from the 75~-mm gun M3 should release satisfactorily
at 2000 ft/sec but probably not at much lower velocity. Firings were
made from that gun at MV's of 2250, 2070, and 1950 ft/sec. In each

case the sabot separated properly. The spins, at these velocities,

57/ The 75-mm Pack Howitzers M1Al, M2, and M3 are ballistically
identical. The MLAl is mounted on three different wheeled arriages:
the old Pack Carriage Ml with wooden wheels and a box trisl, designed
for easy disassembly into small units, the Carriage M8 which is
similar to the Ml but is equipped with pneumatic tires and a towing
lunette, the carriages M3A2 and M3A3, which have a split trail and
a firing base. The Pack Howltzer MLAl in mount T-10 is used on the
self=propelled 75-mm Howitzer Carriage T-30. The 75-mm Howitzers M2
and M3 are used in Mount M7 on the 75-mm Howitzer Motor Carriage 8.

These howltzers fire the same projectiles as the 75-mm guns
M1897, M2, and M3, but have a smaller chamber, a shorter shot travel,
29.29", deeper rifling, and a higher twist of rifling, 1 turn in 20
calibers.

The MV with the fixed H.E.A.T. round, projectile H.E.A.T. U66,
13.27 1b, is 1000 ft/sec. The MV, with the semi-fixed HE round at full
charge, projectile HE M48 14.7 1b, is 1250 ft/sec.
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correspond to those at MV's of 1720, 1620, and 1525 ft/sec, respec~
tively, from the howitzer with its higher twist. As an MV of 1950 ft/sec
could be obtained from the howitzer, it appeared certain that the
75-mm/57-mm (M86) sebot projectiles made to design 28-75D that had been
supplied to A,P.G. in the early summer, 18 of which were still at

A.P.G. would work properly in the Pack Howitzer.
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58/ Estimate of Performance of 57-mm APC M86 Fired fiom 75-mm Pack
Howitzer by Means of Sabot, University of New Mexico Design 28-75D

Weights -Eetimate of welght of subcaliber projectile filled and fuzed 7.2 1lb.
" n " sabot 1.4 1b.

Estimate of charge and maximum MV obtainable

Welght Web SP Web MP MV £t/sec
1b inches inches '
FNH ML 1.77 0.026 0.021 1977
FNH M2 1.66 0.045 0.036 2017
Estimate of penetration, MV tsken as 1950 fit/sec
Range SY ft/sec Penetration - - (Navy Ballistic Limit)
[0)d 0¥
0 1950 68-mm : 57
500 - 1780 60~mm 50=mm
1000 1620 53~mm Lh=mm
1500 1480 L7=mm 3G~-mm

The estimate of penetrat.ion was prepared by extrapolation of experi-
mental data at 0° and 30°, using the following NeMarre formulsa:

.

oloh3 o OV cos?Q
1.57

where e = the penetration
M = the mass of the projectile
d = the diameter of the projectile
V = the striking velocity

C= consta.nt. determined i‘rom the known data
@= angle between trajectory at the plate and the normal to the
plate.
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On Qctober 22, Division 1 supplied the Office of the Chief of
Ordnance with the estimate of performance and stated that the pro-
jectiles then at A.P.G. showld work properly in the Pack Howitzer,

On October 23, the Office of the Chief of Ordnance requested A.P.G.
at the earliest possible date, to establish a charge to giwe the
highest practicable MV with these projectiles, within the allowable
pressure in the Pack Howltzer, and then to fire 10 of the ssbot pro-
jectiles to determine dispersion at 800 yurds, and at the same_ time to
get the angle of dispersion of the discarded sabot fragments.

On December 23, A.P.G. made the test requested22{ The target was
at 800 yards. Ten rounds each of the sabot projectile, and of H.E.4.T.
'M§6 were fired at it. The sabot projectiles hit within a rectange 56"
wide and 60" high, the H.E.A.T. within one 60" wide and 25 1/2" high.
The mean dispersions determined from measurements made on & photograph
of the target were: Sabot, horizontal 15 1/2%, (1.9 min.) vertical
12" (1.5 min.), H.E.A.T. 466 horizontal 14" (1.75 min.) vertical 6"
(.75 min). These results are included in Table IX. .

Afterthe report on the firing at A.P.G. had been received, on
February 24, 1944, the Office of the Chief of Ordnance requested Division
1, NDRC to supply 120 sabot projectile similar to those that had been
fired at AJF.G.

On February 24, Division 1, NDHC asked the University of New

Mexico if they could arrange for the mamufacture of these projectilcs.
On February 25, the University of New Mexdco undertook to do so.
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Work at the University of New Mexico

The APC M86 projectiles used to date in sabots for the 75-mm gun
and for the 105-mm Howitzer M3, had been part of a specisl lot made up
without rotating band or band seat. %he supply of these projectiles had
been exhausted, and a long delay was anticipated if another special lot
had to be obtained. It was decided, however, that standard projectiles
could be used. It was planned to have the threaded steel rings and the
plastic bourrelets made up in outside shops, and to thread the bass of
the M86, assemble the threaded ring to it, band the pfojectile, and put
on the bourrelet in the shop at the University of New Mexico. This
appeered practicable because a lull in the work for the night shift was
expected in abouf,ten days, and it should be possible to get the pro-
jectiles delivered in that time.

The M86 projectiles were requested on February 29. They were de-

livered on March 1l6. After they had been delivered, it was found that

the projectiles supplied had been made by a manufacturer whose projectiles

had been among the worst M86's made. In threading them it was found that
the hardness was extremely erratic. When the manufacturer's name was
known the Office of the Chief of Ordnance, anticipating that some trials
against armor might be made with the sabot projectiles, arranged for 25
projectiles from a good lot, then a£ A.P.G., tc¢ be sent at once to the
University of New Mexico, so that the lot of 120 wouldinclude twenty-
five of satisfactory and known arﬁor penetrating quality.

The 120 projectiles were shipped by the University of New Mexico
to Picatinny Arsenal on April 12.

This lot of sabot projectiles was made to design 28-75D, revised

March 2, 194L. The modifications of desiegn 28-75D were quite slight.
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The dimensions of the APC M86 had been changed slightly since the first
lot had been made; corresponding changes were reguired in the sabot.
The original design had had 8 breaking slits in the bourrelet and in the
threaded steel ring. The new design had only 4 in each. In the new
design the bourrelet was held to the M86 by two set screws. The length
of the threaded steel ring and the length of the threads were very
slightly increased. The crimping groove was eliminated, and the low
limit to the diameter of the skirt was now made 2.900-.005. The plastic
used was laminated cotton febric base phenolic, Textolite C. The
threaded ring was made from mild, free threading, steel B-1112 (be~
cause it was on hand). The projectiles containing the good M86's were -
marked with a white painted band to distinguish them from the others.
The subcaliber projectiles weighed 6.25 lb, empty as shipped, and when
filled and fuzed would weigh about 7.13 lb. The sabots weighed 1.37 1lb.
On April 17, a dispersion test was made at the Unlversity of New
Mexico Proving Ground firing 10 projectiles selected at random from the
lot prepared for the Army. The 75-mm gun M3 was used. The target was
at 1000 yards. The MV was 2820 fti{sec. The true mean dispersion was:
horizontal 3.1" (0.29 minutes), vertical 4.5" (0.42 minutes). M1
rounds hit within a rectangle 14.7" wide and 21.2 " high. This was the

best result that had been obtained to date (see Table IX:).

Subseguent Histogg

At Picatinny these projectiles were made up into two lots of semi-
fixed complete rounds. Both lots had the same propellant charge. This

was the charge that had been used at A.P.G. for firing from the Pack
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Howltzer in December 1943. The cartridge cases used were M5A1, Type I.
It will be recalled that the projectiles fired in December were slightly
lighter than those of these lots, bscause they were pluggéd, whereas the se
were fitted with fuze BD M72. Lot PA-E~/3) consisted of the 25 sabot
projectilés with the good subcaliber projectiles, and 35 sabot projectiles
with the poor ones. This lot was filled explosive D and fuzed BD M72.

The other lot, PA-E-435, was filled inert and fitted with live fuze BD
M72ég( #When filled, the projectiles were shipped to Aberdeen Proving
Ground for acceptance test.

The two lots were tested at Aberdeen Proving Ground on July 4, 5,

6, and 7 to check functioning and to obtain proﬁisionalrange-elevation
-data. The firings were from a 75-mm Pack Howitzer on Carriage M3A3.

The sébot projectiles, fuzes, bursting charges, and tracers all functioned
satisfactorily. It was found that the pressure developed by the pro-
pellant charge that had been loaded was too high, so the charge was re-
duced from 27,07 oz to 25.87 o%. The projectiles were rather too loose

in the cartridge cases supplied, and were therefore tried in case M5AL
type II, which is used for the fixed H.E.A.T. round and has a slightly
smaller mouth than Type I. In this they were a better fit. Instructions
were issued that the propellant charges, of all the rounds remaining,

were to be reduced to 25.87 oz and to be trensferred to type II cases.

It was concluded that with these changes the ammunition would be

acceptable. when the changes had been made the ammunition was to be

shipped to the President of the Armored Board at Ft. Xnox, Kentucky.
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At Ft. Knox, the Armored-Board was to conduct a preliminary service test
of these projectiles in comparison with standard ammunition. A renge
elevation table was to be supplied by 0.C.0. (Pt. 75-BA~0).

After the 105-mm sabot projectiles had been tested at Ft. Benning,
Georgla and it had been learned that the plastic had swollen, this am-
munition was still at A.P.G. Arrangements were made to have the
bourrelets of a number of rounds gauged to learn whether or not they were
swelling to ah Jmportant extent in the humld atmosphere. Ten from each
lot were gauged on August 9. The bourrelets of 3 projectiles from the
inert lot and of 7 from the HE loaded lot were found to be over 2.950%
in diameter. The maximum diameter found was 2.953". The original di-
ameter shown on the drawing was 2,945"-.005", The bore diameter of the
howitzer is 2.950" + .002". The bourrelets of the HE rounds had been
painted and this presumabiy accounted for the difference in the diameters
of the two lots.

On receipt of this information, the Office of the Chief of Ordnance
inguired into the practicability of turning down the oversize projectiles
at A.P.G. It was considered quite safe to do so, but the ammunition had
been shipped to Ft. Knox, on dungust 12.

Dr. C. E, Hablutzel, who was at that time in Washington acting as
a speciai advisor to Division 1, NDRC, drew up a design of a light metal
bourrelet that could be substituted for the plastic sleeves on this lot
of 75/57 mm projectiles. This design 28=75D revised, Plate IV, 8-30~ii,
shows a spool-shaped sleeve or bourrelet of dural (175-T) or of Dowmetal

(0=1 or J=1) with J breaking 4 its cut from the inside out. The slits
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extend completely through the sleeve except at the front and rear. A
steel band threads over the light metal sleeve at the forward end and
forms the bearing against the bore.

About the middle of September, Dr. Hablutzel visited Ft. Knox and
reported that most of the inert rounds would load but that a large number
of the HE filled rounds would not. The officers with whom he talked
at Ft. Knox were of the opinion that the tests would not be made for some
weeks, and recommended that in the mean time the plastic be replaced
with metal. Later, on September 26, the 0.C.0. was informed by the
Armored Board that the ammunition had been tried in a howitzer and that
tests were impracticable with it. On September 29, Division 1 informed
0.C.0. that they would arrange to have metal substituted for the plastie.
This was to be done by the Remington Arms Company then working on sabots

under contract OlMsr-1368. See note at the end of the text, page 178.

SUBSTITUTION OF LIGHT METAL FOR PLASTIC IN THE BOURRELETS

On April 14, 1944, a conference attended by representatives of
Division 1, NDRC, the Engineering and Transition Office, OSRD, and the
University of New Mexico was held at the University of New Mexico to con~
sider future work on sabot projectiles for the 105-mm howitzer and the
75-mm gun and howltzer. At this time, three separate lots of sabot pro-
jectiles 105-mm/3" (HE M42) design 3-105, 105-mm/57-mm (APC M86 modified)
design 2-105R, 75-mm/57-mm (APC M86) design 24-75D revised, had been
supplied to the Army and were awaiting test. It was agreed that if the
Army should want more of any of these projectiles some modification of
the design would be called for (1) to improve the projectile for service

use (2) to facilitate production.

e,
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A number of modifications were considered.

The more important

of these were (1) change from plastic to metal bourrelet (2) on 3-105B
and on 2-105R the addition of some steel immedlately in front of the

band seat to prevent the band from being blown forward if it should happen

not to be properly seated. This would also help to vrevent asymmetry

of engraving.

\

§

'!

It was agreed that if the Army had further interest in these sabot i

projectiles:

1. Designs would be prepared embodying the improvements that had

been already recogniwed, or that might be recognized as a result

of the coming trials or as a result of study by ordnance per—

sormel or others. These designs would be prepared by the

University of New Mexico and also by the Engineering and Transi-
tion Office. They would then be discussed and a design or de-

signs for trial drawn up.

2. The procurement of the models for test would be the responsibility
of the Engineering and Transition Office.

3. Yiring tests of these models would be made by the University of

New Mexico, but no machine work would be required of them.
4. Acceptance tests of production lots by firing would also be made
by the University of New Mexico if desired.

On April 21, at a conference attended by representatives of the Army

Ground Forces, the Office of the Chief of Ordnance, Division 1, NDRC,
and the Engineering and Transition Office, OSRD, the “ffice of the Chief
of Yrdnance asked that Division 1 proceed at cnce with the necessary
modifications of the designs of the 105-mm and 75-mm sabots to eliminate

¢ the plastic without awaiting the results of the pending tests. Division 1

undertook to do so.
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The Engineering and Transition Office, OSRD undertook to have

designs drawn up for discussion and Division 1 asked the University
of New Mexico to do the same.

On May 6, drawings of the modifications proposed by the University
of New Mexico were sent to Division 1, NDRC. On receipt of the draw-

ings, Division 1 transmitted copiesto the Engineering and Transition

Office, OSRD, and to the Ammunition Development Branch of the Technical
i Division of the Office of the Chief of Ordnance.

Thé designations of the new drawings and the modifications shown on
them are as follows:

28-75D revised, Plate III 5-6-4) shows a sleeve type bourrelet of
dural or Dowmetal in 4 segments. The segmente ars held togebther at the
forward end bysa threaded steel band, which acts also as a bearing against
the bore. At the rear end the segments bear againat the front face of

base

: the threaded steel/ring, and are prevented from moving outward by the
T base
. ‘ outer edge of the steel/ring which projects forward over the rear ends

of the segments. The sleeves were designed to be segmented after machin-
ing, so 4 metal strips were provided to fill the saw cutsf Later the
University of New Mexico devised atechnique for machlining the sleeves
after catting them into foar pieces. This made it possible to have the
segments close fitting and so eliminated the strips. The informetion
was passed on to Division 1, on May 12, 19i4.

2-105R Plate IV, dated 5-6-44. The bourrelet, which is of dural,
is sinilar to that described above. The threaded steelggiz is brought

rotating
forward 0.1" in front of the/band, and a recess for the rear ends of the

segments of the bourrelet is provided on the front face.
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3-105B, Plate III, dated 5-6-A4. The description above under
- 2-105R, Plate IV applies here also.
The changes in weight of the sleeve or bourrelet are as follows:
28=75D Dura) sleeve is 2.1 oz heavier than plastic
Dovmetal sleeve is 1.4 vz lighter than plastic
2=105R Dural sleeve is 8.0 oz lighter than plastic

3-105B Dural sleeve is 0.5 oz lighter than plastic

ARMOR PIFRCING SABOT PROJECTILES WITH_TUNGSTEN CARBIDE CORES
FOR THE 76-MM_GUN M1A2

Reggest for the DeVelogment

On October 21, 1943, the Office of the Chief of Ordnance asked
Division 1, NDRC to estimete what could be done against armor, with steel
énd with tungsten carbide cored subcaliber projectiles, fired by means
of a sabot from the 76~-mm and the 90-mm guns. The 76-mm gun then in use
was the MLAL with a twist of 1 turn in 40 calibers. Because of the low
twist, this gun was particularly unfavorable for the use.of sabots,
However, it was to be replaced by the MLA2 with a twist of 1 turn in
32 calibers, the same as in the 90-mm. The new gun was then being tried
out ap Aberdeen Proving Ground, and it was expected that it would soon
be iﬁ preduction. The British had been experimenting with tungsten car-
bide cored projectiles, snd were developing several for anti~tank use.
The U, S. Military Attache in London was obtaining detailed information
about the designs of the projectiles and their performance against plate.

¥hen this information came to hand it could form the basis of an estimate
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of the performance to be expected using tungsten carbide. In the mean-
time an estimate of the performance to be expected with steel sub-
was prepared for Division 1 by the Geophysical

Laboratory. This was submitted to the 0ffice of the Chief of Ordnance
on November 27, 1943.

There 1s no need to give a detalled statement of the estimate here.
It was found that the use of sabots with standard steel APC projectiles
as subcaliber projectiles, the 57-mm APC M86 in the 76~mm gun, and the
3" APC MA2 in the 90-mm gun, would result in no significant improve-
ment in performance, although there would be materiel increases in MV,

The 57-mm APC M86 projectile could only be made adequately stable
in the 76é-mm gun MLA2 (twist 1:32) by substituting an extremely short
windshield. The retardation would then be so high that the striking
velocity of the modified M86 would probably become less than that of the
standard projectile (3" APC M62) for the gun at ranges over 1800 yards,
and the penetration of the modified M86 (at 0° angle of attack) would
actually be 1less than that of the standard at ranges over 500 yards.
Even at the shorter ranges the actusl penetration would also be less
because of the deformation of the M86 at the high striking velocities

involvedél( The highest obtainable muzzle velocity was estimated to be

61/ At this time & program to test the performence of standard 57-mm
APC M86 projectiles against plate at very high striking veloclties was
under way at Aberdeen Proving Ground. However, the results were not a-
vailable for this estimate. In this progrem the 57-mm projectiles vere
fired from the British 17-pounder using sabots provided by the Geophysical
Laboratory. Muzzle velocitles in excess of 4000 ft/sec were cbtained
in this way. See Aberdeen Proving Ground, Projectile Test Report AD-P39,
Dates of tests August 29 to November 18, 1943.
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3650 ft/sec which would drop to 2850 ft/sec st 1000 yards.

The 3" APC M62 fired from the 90-mm gun would have a stability
factor of about 1.2392( The ealeulated improvoment in penetration even
if no shattering or serious deformation occurred was insignificant, of
the order of 2 per cent, and it seemed likely that, even with excellent
projectiles, the penetration at ranges under ebout 1500 yards would
actually be less than that of the standard because of breakup of the
proJectile. The maximum MV obtainable was estimated to be 3310 ft/sec
which would drop to 2860 ft/sec at 1500 yards.

The stability factor 1.22 was rather low. It could readily be in-
creased by using a shorter windshield. This would of course decrease
the striking velocity and penetration except at the muzzle.

It was known before the detailed estimate of performence was made
that very little if anything could be gained by using standard steel
projectiles in sabots in either of these guns, and that the only way the
performance could be greatly improved was to use tungsten carbide. On
November 17, 1943, the Office of the Chief of Urdnance requested
Division 1, NIRC to develop a sebot projectile using a tungsten carbide
core for one of these two guns, the 76-mm Gun MLA2 or the 90~mm Gun ML,

was believed that it -
M2, and M3, It/would be easier to do the experimentsl work in the smsiler
gun, and quite a simple matter to scale up a satisfactory design for the
larger gun, and the Office of the Chief of Ordnance believed that & 76-mm

Gun MLA2 for the experimental work could soon be made available. There~
fore this gun was preferred.

62/ The stability factor of the 3" APC M62 fired from the 76~mm Gun
M1Al was said to be 1,10. Multiplying by the ratio of the square of the
twists in the two cases gives 1.232. As the MV of the sabot projectile
would be considerable higher than the MV or the M62 projectile in the
76-mm gun, the actual value would nrobably be s1ightly greater.
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The Geophysical Laboratory prepared an estimate of the caomparative
performence of a tungsten carbide cored sabot projectile and the 3n
APC M62 projectile fired from the 76=mm Gun MLA2. This estimate, based
on information about the penetration of British tungsten carbide cored
projectiles, is given in Tsble VI.

At a conference on December 4, 1943 between representatives of the
Office of the Chief of Ordnance, Division 1, NDRC and the University of
New Mexico, it was decided (1) that it would be best to begin work with
the smaller gun, i.e., the 76-mm MLA2 (twist of rifling 1 turn in 32 cali-
bers§3/), (2) that the subcaliber projectile should be one using & core
based directly on the British design of core as used in the 2-pr.

iscarding
Littlejohn Mk II shot, the 6-pr./ sabot shg% and the 6-pr. C.R. shotéh{

At that time it asppeared that an all-metal sabot following in a
general way the basic design 28-75D that had been used for the 75-mm/57-mm
(APC M86) sabot would be quite satisfactory, and that it could probably

be developed in a short time after a 76-mm gun M1A2 had been delivered

63/ The 76-um gun in use at that time was the MLAL which was rifled
with a twist of 1 turn in 40 calibers. In order to improve the stability
of the standard armor plercing projectile used in this gun, the 3" APC
M62, the twist was to be increased to 1 turn in 32 calibers. In other re-
spects the new gun was to be identical ballistically with the M1Al. The
MIAl was in use in the medium tank M4 where it had replaced the 75-mm Gun
M3, and on the gun motor carriage T=7C. The new gun was also to be mounted
on a wheeled anti-tank carriage. The gun produced for the automotive mounts
was termed the MLA2, that for the anti-tank carriage the T3. The tubzs were
identical, the difference being in the breech mechanism. These so called
76~-mm guns are 3" guns. They fire the 15.44 1b 3" APC M62 projectile with an
MV of 2600 ft/sec or the 12.87 1b. 3" HE shell M424l with an MV of 2700 ft/sec.

64/ Shot, Armour Piercing, Q.F., 2-Pr., S.V. Mk II B.T./L
Shot, Armour Piercing, D.S., Q.F., 6~Pr., 7 cwt., Mc I B.T./L
Shot, Awmour Piercing, Q.F., 6-Pr., 7 cwt., C.R. Mk I A.T./L
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' R Table VI
(

Estimated Performance of Tungsten Carbide Cored Sabot Projectile
Compared with that of Standard 3" APC M62 Projectile, Fired
From the 76-mm Gun MIA2.

Striking Velocity end Penetration Against Range

Muzzle Energy Equal to MV Maximum Obteinable
That of APC M62 Round using M2 Powder
Striking Penetration 30° Striking Penetration 30°
Velocity . Homogeneous Armor Velocity Homogeneous Armor
Range Mb62 Sabot Mb2 Sabot M62 Sabot M62 Sabot
Yards ft/sec ft/sec inches inches ft/sec ft/sec inches inches
0 2600 3450 beli 6.5 2820 3745 Le9 7.3
500 2450 3240 " 40 6.0 2600 3535 be5 6.8
1000 2300 3040 3.7 5.5 2520 3335 he2 6.2
1500 2150 2850 ekt 5.0 2370 3135 3.9 5.7
2000 2000 2650 3.0 Le5 2220 2935 3.6 5.2
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Weights  gapot Projectiles
WC core 3.89 1b
Totel 8.15 1b
Std. Projectile APC M62 15.4 1b

Striking velocily and penetration of 3" APC M62 teken from curves pre-
pared by the Ballistic Section, Technical Division, 0CO.

Striking velocity of sabot subcaliber projectile computed using

ballistic coefficient 1.275 and British tables for ecylindrical based pro-
jectiles (1940 Law).

Penetration of subcaliber projectile based on data from table prepared
by D. G. of A. A2(b)A, S,/7/L3.(British)

Muzzle energy = (mass of projectile + 1/3 mass of charge) x square of
the muzzle velocity.
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to the University of New Mexico. However, on December 7, Division

1 learned that both the 76~mm and the 90-mm guns in tanks and on anti-
tank mountings would be fitted with muzzle brakes. The brakes to be
used consisted essentially of two, spaced, baffle plates, with central
holes for thesssage of the projectile, supported some inches in front
of the muzzle., The diameters of these holes allowed only a very small
clearance between the baffle end a projectile with no yaw (0.05" all

s s
zround in the co

se of “he rear baffle of the brake for the 76-mm gun
M1A2). The parts of & sabot like 28-75D separate as they leave the
muzzle, and travel essentially in the direction in which they were
moving in the bore at the muzzle, i.e., their paths approach the direction
of the lands at the muzzle. It was quite evident, therefore, that a
sabot of this type could not be used with the muzzle brake unless the
openings in the baffles of the brake were very considerably enlarged so
as to clear the diverging pieces of the saboﬁ§5l Further, it was cquite
evident that there would be many barriers to an increase in the diameter
of these openings, and that the sabot would therefore have to be de-
signed to pass through them. This was the problem that the University

of New Mexico was asked to solve.

Research and Development York st The University of New Mexico

At this time the Department of Physics of the University of New

Mexico was heavily engaged in other projects of high priority, in addition

65/ In developing sebot projectiles first for the 6-pr., later for the
17-pr., the British opened up the baffles of the muzzle brakes until the
centrifugally released parts of the sabot cleared the brake,
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to the work on sabots, and both the technical staff and shop facilities

were overtaxed. Dr. Workman, who was at that time head of the Depart-

ment of Physies and under whose direction the work was being done was very
loath to undertake this additional commitment and recommended against it.

However, Division 1,was unable to have the work done promptly elsewhere, and

the University of New Mexico finally, late in February 194k, agreed to

- undertake 1t. Some work had indeed been done on this project shortly

after the request to have it undertaken had been made, but, at that time,

the work on the 105-mm sabots was being done and it was not until late
in February that the work really got under way.

The first part of the work was the developuent of a design that
would pass through the breke. At the outset of the work a 75-mm gun M3,
but no 76-mm gun, was available at the University of ¥ew Mexico. Ac-
cordingly, a number of the designs were made up to fit the 75-mm gun and
tested in it; later, when the 76-mm gun with muzzle breke was supplied,
the work continued with it. Much of this early work was done using steel
subcaliber projectiles to avoid the expense of heavy alloy cores.

In all, some twenty different designs were triedéé( These may be
grouped into three types according to the mechanism by which the sabot
parts are released fom the subcaliber projectile.

(1) Axial release -- The ssbot is cuplike and is removed from the
subcaliber projectile in flight by the drag of the air. The
relative motion of the two is in the direction of the axis
of the projectile, Some of these salbots were designed to

B WD ST N ER SR AR AN AR R Wn WP Gh G SR SR G AP Gp G Mh TE G W U @A G SR MR e em @ o ewm e

66/ For detalls see, Final Report, Contract OEMsr—668, Supplement
4y August 1, 1944, in which the work is summarized. Drawings are in-
cluded.
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remain in one plece, others to separate into two. The
essential feature is that they do not break up centrifu-
gally, and for this reason they pass through the brake

without interference if the yaw is small enough.

(2) Bourrelet released centrifugally — A number of designs were

tried in which the “hourrelet" broke up by centrifugal force -

into segments, but did not do so until the rear ends of
the segments were released by the base. Two types of re~
lease by the base were tried.

(a) The base is a threaded ring, similar to that used in

28-75D, that breaks up under centrifugal force and re-
leases the rear ends of the bourrelet segments. The
action following this release is the same as that des-

cribed under (b) below. The design aimed at such strength

in this ring that it would not "explode" at the muzzle but .

would yleld slowly enough to pass through the brake be-
fore significant expansion had occurred. The material
used in the ring was cold rolled steel of good elongation.

This release is designated as '"delayed centrifugal."

(b) A base plate, of heat treated alloy steel, is used. When

the forwaprd pressﬁre of the propellant gases against the
base of the projectile ceases, well in front of the brake,
this plate is moved to the rear by air drag, thus releasing
the rear ends of the bourrelet segments which then move
outward. These segments, which are of light alloy, are
held together near the forward end by a bourrelet band

of steel, This band is strong enough to hold the segments
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against centrifugal force until the rear ends are re~

leased but not strong enough to hold them after that.

When the rear ends of the segments are released they

move outward. The segments pivot about their forward

edge and, using the subealiber projectile as fulecrum,

exnand and burst the bourrelet band. The release is

termed "axial and delayed centrifugal.n

Althoughthe dilferent mechanisms just descrlhed were tried out,

about two-thirds of the experimental firings, made during the develop-
ment, were of models of the last-described type. The first such design,
L42-75, was tried out in the 75-mm gun using a solid steel subcaliber
projectile. It was quite successful and design 3-76 for the 76-mm gun
was based on it. Quite a number of slight modifications of this basic
design, each designated by a letter following the number, were tried.
The finel design is designated 3-76EH. This design consists of 3-76F,
revised to 7/1/LL, but with the base plate or sabot shown on 3-76H,
6/27/L4,, substituted for the corresponding part shown on Plate I of
3-76E. Drawings of this design have not been reproduced here, but the
design is very like 3-76J drawings of which are reproduced as figures
12 - 15.

- If Plate I of 3=76J is examined, it will be seen that a tracer
pocket on the base of the subecallber projectile orojects through the steel
base plate or sabot, and a sabot retaining ring is threaded to it behind
the base plate, thus holding the parts together. The first model of
L2-75 tried had a dural sabot retaining ring. It was expected that this
ring would aisintegrate under the action of the vowder gus. When the
model was Fired from the 75-mm Gun M3, release did not oceur. Relaining

[T T o - - - ) PR, S T
of red fi Dowietal were then tiled, and release

n

TLE
to be satisfactory. Dowmetal was chosen for this ring. As will appear
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later, however, in the description of the tests at Aberdeen Proving
Ground, Dowmetal rings did not prove to be completely reliable, and
ware subsequently rsplaced by split steel rings designed to be thrown
by centrifugal force.

The real test of a sabot projectile presumably is its behavior
when fired from a worn gun. It was not possible to test it in this
way at the University of New Mexico Proving Ground. Therefore, in order
to simulate such a test, some 75-mm models were made up with all surfaces
that bear against the bore 0.03" under size. In addition, one of these
undersize models was fitted to a cartridge case that had been shortened
0.5", to give 0.5" free run. Dowmetal retaining rings were used on
these models. They were fired from the 75-mm Gun M3. In all cases the
mechaniem worked properly, yaws were too small to measure, and flight
was good.

When a 76-mm gun became available for firing, models made to design
3-76 and modifications of this design were tested. By this time the choice
of this type of design had pretty well been made. Of 38 models f{ired
from the 76-mm gun during the development all but eleven were made to
design 376 and modifications of it. The early models had dural bourrelet
segments, but, when Dowmetal was tried out, and found to work satisfactorily,
it replaced the heavief dural, One model of 3-76 EH with a core of
Elkonite 5W3 was machined with the outer diameter of parts bearing a-
gainst the bore 0.020" under size. iihen fired from the 76=mm Gun M1A2
with muzzle brake, it behaved normally. The yaw was too small to be ob-
served. (Report of December 1, 1944, p. 4)

Besides the design of a sabot to pass through the muzzle brake, the

work also involved the design of a subcaliber projectile. For some time,
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active development of high velocity tungsten carbide cored armor plerc-

ing projectiles had been under way in the United Kingdom. A satis-

Littlejohn Mk TI shobéz{ Then this core had been scaled up in the
ratio of the bore diameters and used in projectiles for the 6-pr.,
7-cwt. (57-mn)sand 17-pr. (3"). This type of core was used in the
Littlejohn (tapered bore) projectiles, Composite Rigid (light weight
full caliber), and Sabot projectiles. Very satisfactory penetration
had been obtained with it. It appeared that a subcaliber projectile
following closely the British design of subcaliber projectile for the
b-pr. sabot (57-mm), and using a tungsten carbide core of the size used
in 17-pr. projectileség/could be constructed that would have sufficient
stability when fired from the Tb-mm Gun MLA2. It was accordingly agreed,
" at the Conference on December 4, to base the design of the subcaliber
projectile on this British projectile. This resulted in the design of
subcaliber projectile shown on Plate IIT of design 3-76E.

A determination of the stability factor of this projectile was made
at the University of New Mexico Proving Ground. The projectiles were
made to desig 3=-76E, but modified in two respects: (1) The base plate
had no skirt and was divided into four segments held together by the
rotating band so that it would break up centrifugally at the muzzle and
could not destroy the record made by the subcaliber projectile on the

yaw cards as it might if it remained intact and followed the subcaliber

67/ Shot, Armour Piercing, Q.F., 2-Pr., S.V. Mk II B.T./L.

68/ The 17-pr. sabot design was based on the é-pr. sabot but draw-
ings were not available until later.
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projectile through the cards, (2) The cores were of Elkonite 5W3 in-
stead of tungsten carbide. The gun used was an MLAL (twist of rifling
1:40) that had been sent to the University of New Mexico by mistake
instead of an M1AZ,

The stability factor found, at the cards, under field conditions
was 1l.15. Computed to a twist of 1:32, to standard stmospheric con-
ditions, and babk to the muzzle, this gave a stability factor of 1.29.
(Report of August 1, 194k, pp. 16=19). The MV to which this stability
factor applies is not stated, but on p. 14 a velocity of 3440 ft/sec
at the colls is given for one of the two rounds used. The value there-
fore applies at an MV of about 3450 ft/secég(

- Determinations by tracer photography of velocity vs. time of
flight and of range vs. time of flight were also made on two 3-76E pro-
jectiles. The results are presented in Final Report, Contract OFMsr-668,
Supplement 4, August 1, 1944.

As the subcaliber projectile follows very closely the design of the
subcaliber projectile in the British 6-~pr. and 17-pr. sabots, British

armor penetration data are directly applicable to these projectileszg{
The muzzle velocities obtained at the University of New Mexico
Proving Ground were lower than could be realized with a suitable powder.
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692/ Final Report, Contract ORMsr-668, Supplement L, August 1, 1944,
p. 16.

70/ As the British 17-pr. (3") is a much more pawerful gun than the
76-mm, the striking velocity, and therefore the penetration, at a given
range is greater for the 17-pr. sabot fired from it than for the University
of New Mexico sabot fired from the 76-mm gun. However, when the data are
expressed in terms of striking velocity they are directly applicable. The
penetration of this sabot projectile can also readily be computed from data
for the 6-pr., 7- cwt., (57-mm), Sabot and Composite Rigid shot by use of
the De Marre formula.
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The most suitable powder available there was FNH M2 lot Rad-3006.

This was rather too fast a powder and a charge of 1410 grams (49.7 0z)

was all that could be used without exceeding the rated pressure of the
gun. Therefore it was to be expected that using a larger charge of slower
powder would give higher MV?’s than could be had with this powder. At
Aberdeen Proving Ground using FNH M2 Lot Rad-3008, a slower powder, MV's
of 3642 and 3655 ft/sec were obtained (4.P.G. F.R. P32198). in sub-

sequent firings at Aberdeen, to get a desired MV of 3600 ft/sec, a charge

~ of 64 oz of FNH M2 lot 18830 was used.

Projectiles were being made up for a dispersion test when Division 1
informed the University of New Yexico that the Office of the Chief of
Urdnance was very anxious to have an opportunity to test some of these
projectiles against plate, and had asked for 20 at the earliest possible
date, and undertaken to test any projectiles supplied, immediately upon
receipt. The Division asked if the design was thought to be sufficlently
advanced for such a test and suggested that, if so, the request be met.
Although only a limited number of projectiles had yet been fired through
& muzzle brake, and although no dispersion test had yet been made, the
design did appear to be satisfactory. It appeared, moreover, that there
were some advantages to be gained by supplying projectiles to the Ordnance
Department for test under these circumstances. <+t was decided to meet
the request and to supply the projectiles then being made up for a dis-
persion test, and to defer that test until after the projectiles asked
for had been dellvered.

Actually 25 projectiles to design 3-76EH were made up and supplied
to the Yrdnance Department for test at Aberdeen Proiring Ground. The

cores in these were of Carboloy grade 55A which is cemented tungsten
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carbide with 13% cobalt. These were delivered to A.P.G. in small
groups as they were made up, 8 on July 23, 8 on August 1, and 9 on
Augast 13, 1944. They were fired there promptly. The results of these
firings ere given later.

On August 12, eight projectiles to design 3~76EH{ but with cores
of Elkonite 5W3 were fired, at the University of New Mexico Proving
Ground for accuracy, from a new 76-mm Gun MLA2 fitted with a muzzle
brake, against a vertical target at 1000 yards. All rounds hit the
target. Hound one was used for ranging and the elevation was adjusted
after firing it. One round did not function properly, as cutouts of the
base plate and the subcaliber projectile were partly superposed on the
target. The other 6 rounds gave a mean dispersion of 14" or 1.3 minutes
of arc, and fell within a rectangle 39" high and 71" wide. These results
are included in Table VIII.

Tests at Aberdeen Proving Ground, Desizn 2:26EH1L/

Most of the projectiles supplied to Aberdeen Proving Ground were
fired against plate to obtain penetration data. The penetratlon was &s
expected from British data and was of course greatly superior to that
obtainable with steel projectiles from the same gun. The following data,

taken from the Aberdeen Proving Ground Firing Records indicated, summarize
the results:
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71/ "First Report on the Frojectile, H.V.A.P., (Sabot), 76-mm 3~96EH
éUniversity of New iexico), T23 and T23ElL, and Second Report on Ordnance
rogram No. 5962," issued by Ordnance Research and Development Center Aber-
deen Proving Ground, October 1945, coversthe testing at Aberdeen of these
subsequent 76-mm sabot projectiles.
A.P.G. Firing Kecords Nos. P32198, P32743, and P33112, which form a
part of the above report, cover these firings.
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Table VII
Armor Penetration, 3-76 EH, at #.P.G.
Homogeneous Plate Striking Velocity ft/sec See F.R. No.
Frojectile
Thickness  Angle Completely Partial
Inches Degrees Through Plate Penetration
6 1/16 20 2756 2656 P~32198
5 30 2986 2833 P-32198, P-33112
3 15/16 30 2276 2184 P-33112
3 55 3621
L 30 at 2100 yards completely P-32743

through plate

Yaw cards just in front of the plates showed that there was very
little yaw,

No satisfactory dispersion test was made, although on two occasions
some rounds were fired against 4" homogeneous armor plate at 309 at
2100 yards. On the first occasion, August 5, three rounds were fired;g/
All missed the plate. No NDRC representative was present. On August
13,‘five more rounds were fired against 4" homogeneous plate at 300 at
2100 yards, A large screen had been erected in front of the plate. A
new gun with brake mounted in a tank was used for the firing. The first
round was short. The next two struck the target about 2 feet apart.

The fourth was defective. <+t struck short and far to the right. It is

not certain that 1t separated properly. The brake was then replaced with

72/ Firing Record No., P-33112. ’he charge is given as 6/ oz of M2
powder and the MV is satimated as 2800 ft/sec. This charge should give
MV of about 3600 ft/sec. Idther the estimate of the MV or the statement
of the charge is in error. Almost certainly the charge was as stated.
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& lighter one. The next round hit higher and this the gunner attributed
the the lighter brake. All these rounds were fired at about 3600 ft/sec
muzzle velocity. The firing showed that the shot would "completely
penetrate 4" of homogeneous plate at 30° obliquity at 2100 yards range.
The velocity after plate penetration was sufficient to completely pene-
trate a 12" x 12" oaken support." (A.P.G. firing record No. P-32743).

Information about the way the sabot parts separated from the sub-
caliber projectile was obtalned during the firings described above, and
in addition from three rounds fired on August 13 especially to study the
separation by the use of photography. On the latter cccasion two good
x~ray photographs were taken. One showed the projectile in the brake,
the other showed it just after it had emerged from the brake. No rela-
tive displacement of the parts of the projectile appeared in tﬁese X=ray
rhotographs. An attempt was also made to obtain micro flash photographs
of each of the three projectiles at 7, 22, 37, and 52 feet from the
muzzle. However, the technique was faulty, and photographs were obtained
only at 52 feet. One of these shows the subcaliber projectile completely
free in flight with the base a few inches behind it. All that could be
said from the other two was that the bourrelet parts had been thrown.

For the firing against plate at 2100 yards on August 13, plywood
screens had been erected on each side of the trajectory at 52 ft from
the muzzle. Bourrelet parts from three of the flve rounds hit these
screens. No parts of the other two projectiles hit these screens but
one of them definitely wseparated in flight.

A1l of the firings against plate except those at 2100 yds were made
at close range, controlling the muzzle velocity to obtain the striking

velocity desired. Under these circumstances, when the muzzle velocity

A a ame tim
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was lowered, the bourrelet bands had to be weakened, hence the in-
formation obtained about separation does not apply directly to the
projectile fired without alteration at full muzzle velocity.

In these firings the projectiles had behaved as expected. It
appeared thet (1) the projectile passed through the muzzle brake without
interference, (2) the projectile separated in flight, (3) the subcaliber
projectile had very little yaw, (4) a muzzle velocity greater than 3600
ft/sec was obtainable, (5) armor penetration was very satisfactory and
in agreement with British data.

It was thought that the Dowmetal retaining ring that held the
subcaliber projectile to the base plate was scarcely strong enough even
to withstand rough handling (no test was made). Moreover there was a
suspicion that it had not always released the subcaliber projectile from
the base uniformly in the firings at full muzzle velocity. It was
fhought that a stronger, and more positively acting, ring should be sub-
stituted for it. Apart from this, the mechanism appeared to function
satisfactorily. However, the guns used for the firings had in no case
been badly worn. One gun had previously fired 602 rounds. Another

had fired 217. The others had fired fewer

Preparation of Second Lot of Projectiles, Design 3-76J

The 25 projectiles made to design 3~76FH had worked well at A.P.G.
but several outstanding cuestions awaited an answer. It appeared, there-
fore, that more of these projectiles should be supplied for tests at the
earliest possible date. The Office of the {hief of Ordnance requested

Division 1, NDRC, to supply 25. The S.T.B. committee of Division 1 re-

commended that the Division supply 50. Research ad development work
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under contract OEMsr-0668 had been terminated on July 31, 194k at the
request of the University of New iMexico, so the projectiles had to ke

made elsewherae. Dr. C. E. Hablutzel, who had been in charge of the

development of the orojectile at the University of New Mexico under

Dr. Workman, was in Washington acting as a special consultant to

Division 1. He prepared a new set of drawings, 3-76J. The Remington
Arms Company Inc., who had a contract for research and development of
sabot projcctiles, was asked to make up the projectiles. However, it
soon became clear that a long time would elapse before they could supply
these projectiles. It was then decided by Division 1 to have 25 pro-
Jectiles made up, under Dr. Hablutzel's supervision, by some other machine
shop, and to have the Geophysical Laboratory meet, the cost of manulacture
through their contract. It was a fortunate circumstance that the order
was placed with the Turbo Machine Company of Lansdale, Pennsylvanis.

They turned out an excellent job most expeditiously. Mr. H, A. Matthews
of that company received the order orally on Saturday, August 26. The
projectiles were delivered to 4.P.G. on September 13.

These 25 projectiles were made to design 3-76J, Plates I, II, and III

revised 8/30/44, and Plate IV dated 8/28/24 (see figs. 12-15). This design

differs only slightly from 2-76EH. The following list shows the modifica-
tions of design 3~76EH that resulted in 3-76J. Plates I, II and III of
3-76E and 3-76J show corresponding parts. The base plates or sabots are
shown on 3-76H and Plate I of 3-76J.

3-76E, Plate I. Weights changed slightly. The total weight of the
projectile withtracer was 7,7 1b (see p. 157).

3-76F, Plate ITI. Contonr of Dowmetal bourrelet modified for ease of

machining. The segments were naw complelely separate. Steel bourrelet

band thinner and narrower.
3-~76E, Plate III. The tungsten carbide cores, which werc made by

Kenametal and supplied by the Ordnance Department, were made to conform
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to the standard British design of 17-pr. core. This core was slightly
shorter than those used in the earlier projectiles. The base of the
core is recessed slightly. The recess insures that, on setback, the
thrust is applied on the outer portion of the base and not on the cen-
tral portion; thus the torque bf the trictional forces, through which
spin is imparted to the core, is increased.

The sheath was modified as required by the new core and a conical
nose was substituted for the ogival one. of 3-76E.

The aluminum pad, and the recess for it in ﬁhe sheath, were modified
for increased ease in machining.

The tracer pocket was changed to accept the tracer used in fuze BD
M66 instead of that of fuze BD M72, and tracers were fitted. The outer
contour was modified as required by changes in the base plate.

A steel ring, 3-76J, Plate 1V, was substituted for the Dowmetal
retaining ring. This ring threaded onto the outside of the tracer pocket

when the projectile had been asseubled and held the base plate to the

subcaliber projectile. It was designed to open under the centrifugal
force of spin and so to release the base plate.
Plate I of 3-76J.
3~76H. The base plate was lightened by coning the rear face,/ This
resulted in a shorter length of bearing between the base plate and the
tracer pocket of the subcaliber projectile. A shorter tfavel of the
base plate relative to the subcaliber projectile was thus required for
separation of the two.
Materials., The steels and the magnesium alloy used in construction
were different; The choice was dictated by the availability. See table

XITB for a statement of these materials.
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Tests at Aberdeen Proving Ground, Design 3-76d

. A.P.G. firing record P-33805, September 15, 18, 21, coverc the
firing of these 25 projectiles.

On September 14 and 15, five rounds were fired for stability determ—

A
i
?
i

ination from a gun without a muzzle brake that had previously fired 618
rounds. The charge was 64 oz. Four rounds gave records that were con-
sidered satisfactory for stability determination. The meximum yaw found
was 99, All projectiles had separated, apparently uniformly, before

reaching the first card at 70 ft from the muzzle. No report on the
determination has yet besn receive613(

On the same day, 8 rounds were fired from a new gun fitted with a
muzzle brake for retardation determination. This gun had previously

fired only L rounds. The charge was 6L oz. Again all separated appar-

| ently uniformly before reaching the first card, which was at 150' from
the muzzle. Yaws were very slight. # form factor of 1.3L relative to

projectile type 8 was arrived at .

i Although, Jjudging from the relationship of the cutouts due to the
base and to the subcaliber projectile on the first card, all the pro-

jectiles fired for retardation and for stébility had separated uniformly,

a circular cutout made by a steel sabot retaining ring was found after
one round, showing that this ring had opened enough to release the pro-
Jectile, but had not broken.

Twelve projectiles were left. They were to be fired for dispersion

from a worn gun fitted with a brake. As no worn gun at A.P.G. was
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73/ It is understood that A.P.G. is preparing a report on this
Py determination.
LYY
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threaded to accept a brake, arrangements were made for A.P.G. to

thread one. Unfortunately, the projectiles were fired by A.P.G. be-
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1, or the Office of the Chief of Urdnance being present, contrary to

an understanding between Division 1, NDRC and the Office of the Chief
of Ordnance. The following information is taken from A.P.G. Firing Re-
cord, P=-33805. 8ix projectiles from a gun that had previously fired
627 rounds, and six froma gun that had previously fired seven rounds,
were fired against a vertical target at 1700 yards. The charge was

64 oz. The first three rounds from the worn gun missed the target.

The next three, sald to have been fired at the same elevation and de-
flection, struck the target within a rectangel 53" wide, and 17.5" high.
The first two rounds from the new gun, fired at the elevation given for
the worn gun firings, missed the target. The elevation was increased
and the last four shots hit the target within a rectangle 68" wide and
49" high. These tests are unsatisfactory in each case because of the
small number of rounds fired after getting onto the target. The dats

are included in Table IX..

DESIGNS FOR 76-MM AND 9O-MM GUNS PREPARED BY UNIVERSITY OF NEW co
FOR CONSTRUCTION BY REMINGTON ARMS COMPANY, INC.

Because of limited facilities and the large amount of other work,
the University of New Mexico had found it difficult to press the develop-
ment of the sabot as they would have liked and had, therefore, arranged
with Division 1, NDRC for research and development under contract OEMsr-668

to terminate on July 31, 1944.
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In order to have the work continued, Division 1, had arranged for
a contract, OFMsr-1368, with the Remington Arms Company, Inc. for re-

search and deyelopment of saboi projectiles.

Following & conference in April 1944, between representive of the
Office of the Chlef of Ordnance, the Army Ground Forces, and Division 1, {
| NDRC, Division 1 had undertaken to develop a sabot projectile for the |
90-mm gun. When the 76-mm projectiles, made to design 3-76EH, had been
fired at A.P.G. the Office of the Chief of Ordnance immediately requested
scaled up projectiles for the 90-mm. Division 1 asked the Remington
Arms Company to make up a number of these projectiles, and arranged
with the University of New Mexico to supply a design and also to supply
the services of Dr. C, E., Hablutzel for the period August 15 to September

15 in order that he might supervise thelr construction, and see them

through tests at Aberdeen, and also supervise the construction and test
- of additional 76-mm projectiles, which it was anticipated would be needed.

The University of New Mexico prepared a design for the 90-mm gun

based on the 76-mm design 3-76EH. This is University of New Mexico de-
sign 1-90 dated 7-26~-44. The drawings, together with the calculations,
were supplied to Remington Arms Company, Inc., and Dr, Hablutzel visited
the Remington Arms Company at Ilion, N. Y. and discussed the design in
detail with representatives of that company. Following this visit

Remington drew up a design that departed from University of New Mexico

design 1-90 in some minor details and made up a lot of ten projectiles.
These were delivered to Aberdeen Proving Ground where some were fired
September 26 against plate. Before this, however, Dr. Hablutzel had

returned to the University of New Mexico as previously arranged.

filk
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The design University of New Mexico 1-90 followed closely design
3-76FEH. The tungsten carbide core was one that was being made for the
Ordnance Department. The design of this core followed closely that
of the British corss. (Essentially this design would result from
scaling up the core shown on Plate III of design 3-76J to a diameter
of 1.75%.) Drawings of this projectile including its core are in-
cluded in Final Report, Contract OEMsr-668, Supplement 5, dated
December 1, 19i4.

The University of New Mexico also supplied & design of 76-mm sabot
projectile to the Remington Arms Company. When the 25 projectiles
made to design 3-76EH had been fired at A.P.G. the S.T.B, committee
of Division 1 recommended that the Division supply 50 more to the
Ordnance Depaartment and that the Remington Arms Company be requested
to make them. Thiifizg'done. After consultation with representatlves
of the Remington Arms Company, Dr. Hablutzel drew up design 3-76J,
Plates I, II, and III dated 8-22-44. This design differs but very
slightly from deslign 3~76J, Plates I, II, and III, revised 8-30-i4,
that was later used for the construction of the projectiles made by
the Turbo Machine Company, and has been described already. Later,
when the modificetion introduced by Plate IV of the latter designh, the
substitution of & split threaded steel ring for the Dowmetal sabot re-
taining ring, proved successful, it was suggested to Division 1 that
the projectile being made by Remington should be modified in the same

way.
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FURTHER DEVELOPMENT OF UNIVERSITY OF NEW MEXICO BASIC DESIGN FOR 76-MM

AND 90-MM GUNS BY REMINGTON ARMS COMPANY, INC.

Although the University of New sexico exercised no actual super-
vision over the manufacture of the projectiles.mgde by the Remington
Arms Company and had no connection with their manufaéture or test be-
yond that already noted, it is appronriate to rgcord here briefly the
further development of this design by the Remington Arms Company and
the results of firing tests. This is done in the following section.
The information is drawn from Aberdeen Proving Ground Firing Records,
from the final report of the Remington Arms Companyzg/ and from re-
ports of Remington representatlves at A.P.G. trials dated October 5,
December 13, and December 16, 1944. These records are not complete
enough or consistent enough to permit the development of a complete

plcture of the course of the work. Hdwever, they do appear to be ade-

" quate for the use made of them here.

The first lot of these projectiles made by the Remington Arms
Company, Inc. were for the 90-mm gun. They were fired at Aberdeen Prov-
ing Ground on September 26, 1944. The Firing Record P33526 states that
they were made to Remington design 1=90~R2. The Ordnance Department's
designation is projectile H.V.A.P., (Sabot) 90-mm, T32E10. This de-

sign followed closely the University of New Mexico's design 1-90

1L/ Ssbot, Projectiles developed under OSRD contract UEMsr~1368
by Remington Arms Company, Inc., lechnical Department, Ilion, New
York, October 15, 19L5.
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and incorporated the Dowmetal retaining ring, which, it will be re~

called, had been replaced by a steel ring in the projectiles made

to deéign 3-76J. The gun used had previously fired 2435 roundszz{
The first round was fired with a charge of 80 oz and at a M.V,

of about 2300 ft/sec. The projectile did not separate because the

Dowmetal ring was not thrown. These rings were then removed from all

the remaining projectiles. Two more rounds were fired with similar

. charges. These apparently functioned properly. The charge was then

increased to 115 ounces which should give an MV of over 3800 ft/sec.
The round was wild. The charge was reduced slightly and two more
rounds were fired. Only one of these struck the plate. Firing was
stopped. '

In the discussion that followed it developed that the Ordnance
Department had already fired some 90-mm projectiles made to a similar
design of their own, and that they had been unsatisfactory. From the
deep engraving on recovered pieces and its distribution, it had been
concluded that the projectile had been passing down the bore in a ‘
cocked position. It had also been fbund that the subcaliber projectile
had punched through the base plate of the sabot. Moreover, some pro=-
jeetiles had broken up in the bore. The design had ther been modified
to offer greater resistance to cocking in the bore, and to increase
the strength of thé‘base plate. Some of these new projectiles, T32Ell,

were on hand and it was decided to fire them next.

The advence of rifling is not stated but presumably was several
inches, In a similar gun, used for a subsequent firing, the rifling
had advenced 5.2" after firing 1842 rounds.
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The second T32ELl fired broke up in the bore, damaging the tube.
Firing was stopped.

Some parts of the hsmingbon projeciiles were recovered and ex-
amined. The rear edge of a Dowmetal bourrelet segment had been
severely éfoded or gas washed on fractured surfaces. As this must
have occurred in the bore it appeared that the bourrelet was being
broken up in the bore. This led to the supposition that the leakage
of gas past the rotating band was a major source of the trouble.
Whether this leakage was because of cocking in the bore or was inde~
pendent of it could not be determined. However, it was thought that if
gas leaked past the rotating band the bourrelet might be stripped from
the subcaliber projectile.

Attention was now focﬁsed on trying to prevent this. Several
successive 90-mm models were tried in which changes were incorporated
that were designed: (1) to prevent gas passing the rotating band, by
the use of an obturating cup of copper or rubber; (2) to prevent cocking
in the bore, by increasing the resistance to deep engraving at the rear
bearing and at the bourrelet; (3) to prevent the bourrelet parts being
forced ahead with respect to the subcaliber projectile.

The first lot of these modified projectiles, Ordnance Department
designation T-Bé, was made to Hemington design 1-90-R5, Assembly draw-
ing B=-365. To improve the sealing against the escape of gas past the
rotating band an obturating cup was fitted, which lined the concave
rear surface of the base plate or sabot and at the periphery extended
a short distance behind it to provide a seal against the bore. Cups
of both copper and rubber were provided. The steel base was lengthened

in front of the rotating band, thus providing a steel bearing surface
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to prevent eccentric engraving. This added metal extended forward
past the base of the subcaliber projectile so that the latter was now
seated in a shallow cup on the front face of the base plate, The sub-
caliber projectile was held in place in the base plate by a plano wire
snap ring of circuler section that engaged in a groove cut in the inner
wall of the shallow cup and a corresponding groove cut in the sheath
of the subcaliber projectile. The snap ring was designed to open into
the groove in the base plate under centrifugal force. Judging from
the assembly drawing in the Remington final report, a smell forward
thrust applied to the subcaliber projectile would open this ring, re-
leasing the subcaliber projectile. It appears by no means certain that
the projectile would not separate if the round were loaded by being
thrown into the chamber. The number and size of the set screws holding
the bourrelet to the sheath of the subcaliber projectile were incressed,
thus providing increased resistance to the stripping of these parts
from the subcaliber projectile by gas escaping past the rotating band.

These projectiles were fired on October 26, 194/ at Aberdeen Prov-
ing Ground from a gun that had previously fired 440 rounds, resulting
in 0.4" advance of rifling (A.P.G. Firing Record P34048). The first
round, assembled with a copper obturating cup, was fired with & charge
of 105 oz. It broke up in the bore. Three rounds were then firéd for
recovéry, using the same charge, one without an obturating cup, one
with a copper cup, one with a rubber cup. The first of these broke up
in the bore. The other two, cnd two additional rounds fired at plate
with a charge of 113 oz, functioned without breakup.

On October 31, and Novémber L, 1944, four mors projectiles were

fired to obtain x-ray photographs at the muzzle. Two of these were
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assembled with rubber obturating cup and without set screws. One was
assembled with a copper cup and with set screws, one without cup and
with set screws. Thess were fired with a charge of 113 oz, from a gun
that had previously fired 1854 rounds end showed an advance of rifling
of 5.3". The two x-ray photographs obtained showed no indication of
separation at the muzzle. Yaw cards at 100' from the muzzle showed
that the sabots had separated properly (A.P.G. Firing HRecord P34094).
According to the firing record, these projectiles were like those fired
on October 26. This firing added no information about the cause of
the breakups.

In parallel with the work on the 90-mm projectiles a lot of 76~mm
sabot projectiles was prepared, Ordnance Department's designation T-=23.
These were made at Hemington design 3-76-R2. This design is essentially
the same as the University of New “exico's design 3-76J except for the
means employed te retain the subcaliber projectile in the sabot. In-
stead of the steel ring threaded to the tracer pocket, a garter spring
consisting of a loop of closely coiled wire which fitted into a groove
on the outside of the tracer pocket was used. Ten of these projectiles
| were fired for mccuracy at Aberdeen on November 12, 1944, at a 12' x 12!
vertical target at 1700 yds. The gun used had previously fired 270
rounds. The charge used was 6} oz. Pressure measurements were not
taken. The results were quite unsatisfactory. ¥five of the nrojectiles,
including the first four fired, struck the target. Five missed it. Of
this five, three broke up in the bore. A number of sabot parts were
recovered, All were broken (4.P.G. Firing Hecord P34104). These were
the only 76-mm sabot projectiles of this type made by the Remington

Arms Company that were fired.
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The behavior of these projectiles contrasts strongly with that

of the 50 similar 76-mm projectiles (3-76EH and 3-76J) that had been
fired at 4.P.G. in July, August, and September, 1944. A large pro-
portion of those projectiles had been fired with full (6} oz) charge
from guns that have vreviously fired various numbers of rounds up to
633. No mishap had occurred in those firings. The only important
design change that appears to have been introduced by the Remington Arms
Company was 1n the substitution of the garter spring for the threaded
ring to secure the subealiber projectile to the sabot.

Atténtion was now directed to strengthening the forward support
of the 90-mm projectiles, as it was thought that failure there might
be the cause of the bore failures. This resulted in design 1-90-R8
Ordnance Department designation T38El. The steel bourrelet band, which
bears against the bore, was thickened greatly so that engraving could
not cut through it to the less resistant Dowmetal. This band was cut
partly through from the outside so that it would be broken when the'
bourrelet segments expanded. The length of the Dowmetal bourrelet that
is made the full diameter of the projectile was increased, both behind
the bourrelet band, and at the rear in front of the steel base plate.
The bourrelet was secured to the subcaliber projectile by a lock ring
of rectangular section that engaged corresponding grooves in the bour-
relet and in the subcaliber projectile. The subcaliber projectile was
held in the base plate by a snap ring exactly as in design 1-90-R5.
Two of these projectiles were fired on December 6 for recovery, using a
gun that had previously fired 1861 rounds. The charge was 115 oz (A.P.G,
Firing Record P-32190). The first round appeared to work satisfactorily.

Recovered pieces of the second showed that failure had occurred in the
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bore., The subcaliber projectile had punched through the base plate

or sabot. The latter was deeply engraved, presumably from having been
expanded when the subcallber projectile punched through it. The bour-
relet was badly eroded by powder gas, and one segment showed that the
bourrelet ring had moved back approximately 1/4" when the material
behind it had been eroded away. The core did not break up.

Some sabot projectiles of a radically different type had been made
up and taken to Aberdeen for firing at the same time as those made to
design 1-90-R8. These were of the deep cup type and were made to de-
sign 90-56-Rl, Ordnance Department's designation T38E2. The cup was of
steel. The subcaliber projectile was supported axially in it. At the
rear end it bore directly against the metal of tﬁe cup and at the front
end against a Dowmetal ring which was supported by the rim of the cup.
As in the earlier projectiles, a tracer pocket projected through the
base of the sabot. The subcaliber projectile was retained in place in
the sabot. by a garter spring engaging in a groove on the outside of the
tracer pocket, i.6., in the same manner as in the 76-mm projectiles
made to design 3~76~R2. "ith this construction, powder gas escaping
past the rotating band could not blow away the bourrelet or remove it
by erosion.

The first one of these projectiles fired (charge 100 oz) broke up
in the bore. Recovered pieces showed that the subcaliber projectile
had punched through the bottom of the cup, and that considerable erosion
of the Dowmetal ring had occurred. The firing of these two projectiles
738E1 (1-90~R8) and T38KE2 (90-56-Rl) in both of which the subcaliber
projectile had punched through the base plataAled to recognition of the

possibility that the means that had been employed to hold the subcaliber
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projectile in the sabot, snap rings and garter springs, were inade-
quate, and that separation might be occurring in the first part of
travel. If this occurred, the sabet might subseomently be driven for-
ward against the subcaliber projectile with sufficient force to punch
through the sabot. Powder gas would also have direct access to the
Dowmetal parts. In fact, all the failures that had occurred could be
accounted for in this way. Tb prevent this, a heavy steel locking~
ring in two parts, that engaged in a groove in the tracer pocket and
was held in place by three snap springs, was designed. A number of
projectiles of the deep cup type incorporating this feature were made
up. The cups were like those of design 90-56~Rl, but the ring used to
center the forward end of the subealiber projectile in the cups was
changed in some of the projectiles, (Ordnance Department designations
T38E3, T38EL, and T38E5).

These projectiles were fired at Aberdeen, December 8 and 9, 1944
(A.P.G. Firing Record P-32190). The tube used was the one that had
been used on December 6. The charges were from 116 to 119.5 oz. Eight
rounds in all were fired. No brealkup occurred. It was concluded, by
the Remington representative at the firings, that the use of the heavy
locking ring had eliminated the bore failures hitherto experienced,
and that Dowmetal appeared to be satisfactory so long as premature
separation did not occur,

Although the projectiles made to the University of New Mexico de-
signs 3-76FH and 3~76J had shovm up very well in the firings at the
University of New Mexico Proving Ground and at Aberdeen, and although
it was now concluded that the difficulties that the Remington Arms

Company had subsequently experienced with thelr modifications of the
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University of New Mexico designs had been occasioned by the absence of
an adequate means of holding the subecaliber projectiie to the sabot,
and although they had not fired a single prejectile of this type incor-
porated such adequate means, this adequate means was not now applied
to these projectiles, but instead all further efforts were devoted to
cup type sgbots. No further bore failures were experienced in the Rem-
ington work on sabots.

The following is taken from thelr Final Report p-9.

Under the heading "The Short Sabot Type (1-90 Series De-
signs)" it is said that this is the University of New Mexico
design with "an altered locking device and with other minor
alterations to facilitate mass production.®

"The failure of this type within the gun tube and the
erratic accuracy were felt to be ceaused by inadequate sup-
potrt afforded by the bourrelet surfaces within the tube.
Failure in the firings of later deep cup types showed that
the bore failures resulted from separation at the origin of
rifling and the subsequent set back of the subcaliber pro-
jectile against the Sabot seating surface.

"However, to effectively retain the bourrelet segments
thru the muzzle brake by hoop tension of the bourrelet ring
afforded many design problems and machining to tolerances not
compatible with good production practices. Unless complete
obturation was effected, the dowmetal gaswashed badly in con-
tact with the powder gases and offered an unpredictable source
of fallure for the shot. The light weight of the dowmetal seg-
ments offered a weak lever armm to break the bourrelet ring and
to accommodate this light force the ring was very thin in sec-
tion. Thus the thin sectlion was very susceptible to any ec=
centric engraving and offered another source of bore failure.

"The deep cup Ssbot sought to reduce the variables in the
short Sabot type by eliminating, or reducing the function of,
the doubtful parts.

B. The Deep Cup Type (90-56-Rl To K9 Designs)

"The first design of the deep cup type did not have an
adequate locking device, as all previous bore failures had been
attributed to the bourrelet failures. Test firings of 90-56-Ri
resulted in bore failure and a locking device was designed to
release at 200 r.p.s. This prevented separation and resultant
bore failures at the origin of rifling." (90-56-R4 is appar-
ently an error. It should be 90-56-Rl).
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The paragraph beginning "However" may be taken to give the reasons
for stopping work on this projectile.

Now it is well known that both aluminum and magnesium alloys are
rapidly eroded when poﬁder gases stream over them at high temperature,
pressure, and velocity. However, experience in the United States and
in Great Britain has shown c¢learly that aluminum alloys can be used in
projectiles in front of the ordinary rotating band. Less is known
about the use of magnesium alloys in this position. No difficulties with
its use was experienced in firing the 76-mm sabot projectiles made to
design 3-76EH or 3-76J.at the University of New Mexico or at Aberdeen
Proving Ground. It is possible that difficulty might have been en-
countered if firings had been made from badly worn guns. However, that
may be, it is gquite clear that the Hemington experimental firings out-
lined sbove give no informetion on this question.

It is quite true that the steel bourrelet band on the original
University of New Mexico design was thin, and that engraving was likely
to occur, and would change its strength. Although it worked satisfactorily
in the firings of projectiles made to designs 3-76EH and 3-76J and al-
though recovered bands showed only shaliow engraving, it 1s possible that
if those projectiles had been fired from a badly worn gun, engraving
might have been so deep that the engraved band would have permitted the
bourrelet segments to separate at the muzzle. Had this difficulty been
encountered it might have been met by thickening the band and cutting it
partly through from the outside so that the engraving wculd not change its
strength, This scheme was actually used in the Remington design 1-90-R3.
The thickness necessary with any given width and hardness of hand depends

on the depth of engraving that may occur. This can only be determined
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by recovery firing of properly assembled projectiles in a well worn

gun, and cannot possibly be arrived at from the Remington experiments.

It does not appear, therefore, to have been shown by the experimental
work that the tolerances needed are not compatible with good production
practices, nor are any calculations in support of this statement given in
the report.

When the firing of the second lot of twenty-five 76-~mm sabot pro-
jectiles (made to design 3=-76J) had been completed on September 21, 1944,
the projectile appeared to have functioned satisfactorily in the tests
to which it had been subjected. However, much remained to be learned

about its behavior, especially when fired from well worn guns, and it

- was to be expected that modifications would be necessary to produce a

completely satisfactory design. The Remington Arms Company's work em-
phasized the importance of securing the subcaliber prbjgctile to the
sabot, but it does not appear to have otherwise contributed needed in-
formetion. Thus the situation when they stopped work on this type of
projectile remained essentially what it had been after the firing of the
projectiles to design 3-76J.

After this compilation had been completed znd typed it was learned
that the Remington Arms Co. had prepared Dovmetal parts to replice the
plastic sleeves on some of the 75-nm/57-mm (APC M86) sabot projectiles

for the 75-mm pack howitzer that had been made to U.N.M. desipn 28-75D

Revised, and runplied for test by the hrmorcd Board ot Fort Knox, and that

soie of the projectiles so modified had been fired at sherdeen Proving

Ground on November 23, 1944, A.P.C. F,R. P=34113.

7R

e YO I, (VPN

N




- 199 -

CONFIDENTIAL

Table VIIT

List of Reports by University of New Mexico

Progress Reports and Final Reports

Date

November 1942

December 1942

December 19,42

April 21, 1943

June 5, 1943

July 8, 1943

September 7, 1943

QOctober 1, 1943

November 3, 1943

Title

First Progress Report, Contract ORMsr-668, covers
work done to end of October 1942.

Second Progress Report, Contract OEMsr-668, covers
werk done November 1 to November 28, 1942.

Special Report, Contract ORMsr-668, summery statement
of the position arrived at in the investigation.

Fourth Progress Report, Contract OmMsr-668, with
Progress Report on Supplement 1 as Appendix X.
This report summarizes the work done to date. In

of this report

later reports the first part/is sometimes referred
to as the flnal report on the original contract.

Report for the month of May, This is in the form of
& letter to Dr. L. H, Adams, Chairman, Division 1,
NDRC.

4 letter to Dr. L. H. Adams, Chairman, Division 1,
NDRC covering the month of June. A

A letter to Dr. L. H. Adams, Chairman, Division 1,
NDRC covering the months of July and August.

A letter to Dr. L. H. Adams, Chairman; ™Mvision 1,
NDRC covering the month of September.

Progress Report for October 1943, Contract OEMsr-668,

Supplement 2.
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Date

December 10, 1943

January 3, 1944

February 2, 1944

March 10, 1944

April 8, 1944

May 3, 1944

June 2, 1944

July 1, 1944

bugust 1, 1944

December 1, 1944
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Title

Progress 4epor
Supplement 2.

Progress Report for December 1943, Contract ORMsr-668,
Supplement 2.

Progress Rep;rt for Jamary, 1944, Contract OEMsr-668,
Supplement Z.

Finel Report, Contract ORMsr-668, Supplements 1, 2,
and 3. The report summarizes the work done under

the contract and supplements. This hcludes all
the work done in the development of sabot projectiles
for the 75-mm Gun and Howitzer and for the 105-mm
Howitzer.

Letter to Dr. L. H. Adams, Chairmen, Division 1, NDRC

covering work done in March 194/.

Progress Report for April, 1944, Contract ORMsr-668,

Supplement 4.

Progress Report for May 1944, Contract OFMsr-668,
Supplement L.

Progress Report for June 194k, Contract OEMsr-668,
Supplement 4.

Finel Report, Contrsct ORMsr-668, Supplement 4,
covers the work done on the development of &
sabot projectile for the 76-mm Gun MLAZ.

Final Report, Contract OEMsr-668, Supplement 5,

covers work done after July 31, 1944.

CONFIDENTIAL

e

NI




July 24, 1943

October 26, 1943

NDRC Reports

December 1, 1943
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Teble VIII (Contd.)
Title

"Application of sabot principle to large caliber
guns," Lincoln LaPaz and tenry F. Dunlap.

#Sabot Cannon Projectiles," by W. D. Crozier, H. F.
Dunlap, C. E. Hablutzel, D, T. MacRoberts. This
report contains sketches of designs L8—57A, 25-~T54,
and 28-75D, together with statements of the re~
sults obtained in experimental frings of projectiles
made to these designs. However, this report 1is not
primarily a report on experimentel work done at the
University of New ““exico but rather a treatise on
selected phases of the subject of sabot projectiles.
Three of its chapters are devoted to considerations
entering into the mechanical design of sabots of the
types experimented with., These chapters cover stress
analysis, centrifugel release, and stablility in
flight.

nStability of the 57-mm M86 projectile saboted in the
75-mm Gun M3," by Lincoln LaePaz, W. D. Crozier,

C. E. Hablutzel, D. T. MacRoberts.

NDRC Report No. A-234 (OSRD No. 3010) Sabot projectiles
for cannon by W. D. Crozier, l. F. Dunlap, C. E.
Hablutzel, Lincoln LaPaz, D. T. MacRoberts. This

is a revised edition of the rcport of July 24.
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Table VIIT (Concluded)
Date Title
July 10, 1944 NDRC Report No. A-223 (OSRD No. 3890) "Trajectory
determination by tracer photography," by W. D,

Crozier.
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Dispersion Firings
Ref. Design .Date No M.V, True Mean Dispersion Rectangle
No. No. Fired of Horizontal Vertical Hor, Vert.
Rounds min min, Reference
ft/sec in. arc  in arc in,  in.

1 28750 26-5-43 18 2820 11.4 1.08 9.2 .90 68 45  A-23hy 10-3-4k

2 28-75D 3l5-43 10 2820  10.6 1.00 12.5 1.18 32 27  Report 10-3-4l

3 .28-75D 17-6-43 10 2820 1.00 .0 0.60 Lotter to WG 23-6-43

5 4 g"dzgfe {43 10 2820 3.6 0.3, 10.2 0.96 16 35 7-9-43, 10~3-L

5 285D  20-7-L3 5 2820 10.9 1.03 2.8 0.26 24, 9  7-9=43, 10~3-Ak ,
b 28758 28:6-43 10 2820  13.5 1.27 151 1.42 Ll . 82  Letter to JWG 23-6-43, 10-3-il L
7 28~75F  3-7-143 g 2820 5.8 0.57 7.8 0.75 28 35 7=9=435 10=2=4i; &
B . 28-75H  18-9-43 6 2820 6.2 0.59 10.6 1.00 15 27  1-10-43, 10=2-44 ;
o {210 17ens 10 2820 3.1 0.29 45 0,42 13 19 3=5-hl, 1-8-L4

28-~75D fired at Aberdeen Proving Ground from 75-mn Gun M3, target at 800 yards
10 28~75D 15~7-43 10 2800 9.2 1.10 5.8 0.69 47 31.5

A.P.G. F.R. M24862, A-23)

28-75D fired at Aberdeen Proving CGround from 75-mm Pack Howitzer, tarpet at 200 yards
1l 28-75D 23-12-43 10 2048 15.5 1.9 12, 1.5 56 60 A.P.G. F.R. M28827

R G im—— G S—— W G—

12 ARCMOL  4-6-43 10 2050 7.4 0.70 5.1 0.50 25 15 10-3-4d,

75-mm A,P,C. M6l fired at Aberdeen Proving Ground from 75-mm Gun M3 in comoarison with 28-75D,target st 800 yards

13 APRC.ML 15-7-43 10 2050 5.9 0.71 6.4 0.76 234 23%  A.P.G. F.R. M24862, A-234
HEAT M66 fi;ad 2t Aberdeen Proving Ground from 75-mm Pack Howitzer in comparison with 28-75D
14 HEAT M66 23-12-43 10 998 4. 1.75 6. 0.75 60 254 A.P.G. F.R. M28827

Sabot projectiles fired at Univ. of New Mexdso Proving Ground,105-mm Howitzer M3, Range 1000 yards

15 9=1054 1lteb/11/4L3 4 2,00 | 15.5 1l.55 .10.8 1.02 40 31 Letter to JWG 6-11-43, 10-12-43, 10-3-44
16  2-1050  10/3/ 10 2660 © 10.8 1.02 11.1 1.05 45 b6 10-3-1)

17  3-105A 25/11/43 9 2000  13.8 1.30 11l.9 .12 51 L 10-12-43, 10-3~4l

18 3-105B  16/2/i4 10 2000 13,7 .29 1l.2 1.06 w57 10-3-4),

19 7-105A 15/12/43 6 2000 7.7 073 8.0 0.76 3L 27 10-3-4h, 3-l-bh

Standard H.E. Ml fired at Univ. of New Mexico Proving Ground from 105-mm Howitzer M3 in comparison with 9-1054

20 HE Ml A 1020 21.3 2.01  13.7 1.29 57 57 10-12-43, 10-3-1)
3-76 E.H. fired at Univ. of New Mexico Proving Ground, 76-mm Gun MIAZ with muzzle brake target at 1000 yards

21 3~76 B 12/87LL 3 3500 14,0 1.32 10.6 1.00 69 37  1-12-44

3-76 J fired at Aberdeen Proving Ground from 76-mm Gun M1A2, that had previously fired 7 pounds, target at 1700 yards,
22 3=76J 21/9/u4 i 3600 16.75 94 2.0 1.18 68 49 A.P.C. F.R. P=33805

3-76 J fired at iberdeen Froving CGround from Jé-mm Cun MLA2, thot had previously fired 627 rounds
23 316J  21/9/u 3 3600 13.75 W75 5.25 .30 53 17.5 AJP.C. FoR. P-33805

28-75A fired at University of New Mexico Proving bround, 75-mm Gun i3, Hange 1000 yerds
3/6/1L3

oL . 282754 10 2820 ~ 15.9 1.50 8.6 0.82 57.5  27.0  A=234.




- 144 -

CONFIDENTTAL

Notes for Table IX

Dates are given dsy, month, year.

Rectanple - the rectangle containing the centers of all impacts.

References, a date standing by itself refers to a University of New
Mexico report to Division 1 of that date. A list of all University
of New Mexico reports is given in Table \WZ A-23L4 = NDRC report
A=234. ‘

Note that the range used was 1000 yards at the University of New Mexico
Proving Ground but 800 yards or 1700 yards at Aberdsen Proving
Ground. The dispersions have been given in minutes of arc so that
they can be compared directly.

A-23), = Sabot Projectiles for Cannon by “. D. Crozier, H. E. Dunlap,
C. E. Hablutzel, Lincoln LaPaz, and D. T. MacRoberts.

Report 10 March 1944 is the Yinal Report, Contract OFMsr-668, Supple-

mente 1, 2, and 3.

1. A. P. caps and ballistic caps brazed on APC.M86 projectiles at
University of New Mexicc. These projectiles were from the first pro-
duction of the APC M86, and were without groove for band-seat and with-
out being hardened. At that tlime the method of attaching the AP caps
and windshields by crimping or rolling had not‘been perfected, and con-
slderable trouble was being experienced with loose caps on the standard
projectile. Because a good many were loose when received, and more
might become so in firing, they were brazed on to avold any trouble from
this source. The distribution of the brazing metal was never quite sym-

metrical. bealiber projectile empty, and plugged.
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Notes for Table IX (Contd.) »

2. AP caps and ballistic caps left as received. Subcaliber pro-
joctiles plugged, not filled.

3. Sabot projectiles selected at random from the lot prepared for
test at Aberdeen Proving Ground. AP caps and windshields brazed on.
Subcaliber projectiles filied sand and shot and plugged. Weight of sub-
caliber projectiles 7.0 lb. Complete ssbot projectiles weighed 8 1lb
6 oz % 1/2 oz.

Ls This design is the same as those of reference 1, 2, 3 except
that the threaded steel ring of the sabot has 4 instead of 8 brealking

in this case
slits, and the plastic, whicnkwas macerated phenolic fabric (Celeron)
with two zones of weakness diametrically opposite each other, had no
breaking slits,

5. The subcaliber projectiles were fitted with mock-ups of fuze BD
M72. Weight of APC M86 with mock-up of fuze BD 72 7.3 lb. The sabots
were identical with those of references 1, 2, and 3.

6. The threaded steel base ring and the plastic sleeve of the sabot

,

have only 2 breaking slits instead of the R slits in 28-75D,

7. The vlastic sleeves were the same as in the projectiles of-refer-

ence 4. The threaded steel ring appears to have had 8 slits.

8. This design resulted from modifying 28-75D along lines suggested
by engineers of the Mueller Co. to facilitate mass production. Drawing
is included in Final Report Contract OEMsr-668, Supplements 1, 2 and 3,
Asrch 16, 1944.

9. These projectiles were selected at random from the lot prepared
for test in be ?5-mm Pack Howitzer by the Armored Board. Subcaliber pro-

jectiles probably filled ammonium alum and fuzed BD 72 inert. Drawings
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Notes for Table IX (Contd.)
are included in the Final Report Contract ORMsr-668, Supplement Z,
August 1, 1944.
. 10. These projectiles-were from the same lot as those of
reference 3.

1l. These projectiles were from the same lot as those of
reference 3.

15. Subcaliber projectilé 57-mm APC M86 from same lot as those
of reference 1, filled with ammonium alum and fuzed BD M72 inert. Sabot
is same as 9-105 except that plastic bourrelet is lightened by drilling
holes length-wise in it. Report of 10 March 1944 contains drawlng of .
9-105.

16. These orojectiles were the same as those supplied for test by
the Infantry Board, except that the 57-mm APC M86's were filled ammonium
aLum ana rizgd BD &72 inert. Windshields 2.9" long.

17. The subcaliber projectile was the HE shell Mj2A1, slightly modi-
filed, fiilied ammonium alum and fuzed FD MA8 inert. This design differs
from 3~105B only in that the diameter of the M42Al,behind the shoulder
retaining the plastic sleeve or bourrelet, is slightly less than in 3-105B.

18. These projectiles were piciicd ab random from the lot prepared
for test by the Infantry Board. Eleven rounds were fired. One projectile
went over the target. The data are for the other ten.

19. Seven rounds were fired. One tumbled. Data are for other six.

Drawings included in Report for November 1943 and Report of ifarch 10,
1944,

CONFIDENTIAL
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Notes for Table IX (Concld.)

20. The standard HE round for the 105-mm Howitzer #3, fired with
full service charge.

21. These projectiles were identical with the 25 projectiles, made
to é@sign 3-76 FH, supplied to Aberdeen Proving Ground, except that the
cores were of copper Flkonite 5W3 instead of cemented tungsten cari ide.
-The density of the Elkonlite is almost identical with that of tLhe
tungsten carbide.

Eipght rounds were fired. The first was used as a ranger. It hit
the target but the elevation was changed after it hit. Round 5 hit
the outside the rectangle stated, but at abogt average height. "The
cut out on the target consisted of a hole the slze of the base plate and
a partially superimposed hole the size of the subcaliber projectile.!

The data stated in the table are for the other six.

These projectiles were fitted with Dowmetal sabot reteining rings
which were replaced in design 3-76J by split tlireaded steel rings, to be
thrown by centrifugal force.

The MV stated is a pugh approximation. No MV is given in the re-
port. Page 14 of the Revort of August 1, 1944 glves veloclty data for
two rounds identical with these. Velocities at the coils were 3480 ft/sec

and 3530 ft/sec.

24. This entry should follow 11, but wes inadvertently dropped from
the table. It has been put in here to avold rearranging the tuble.

28-75A is a base plate type sabot with plastic sleeve bourrelet.
Fig. 22, p. 91 of NDRC Report A-234 shows an assembly drawing. Rosults
of firing tests are given on v. 96 of that report. Windshields and

AP cans of the APC 86 su caliber projectiles were brazed on.

CONFIDENTIAL
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Table X

Detemina.tior.ts of Stablility Factors of Modifications of Projectile ' 57~mm APC M86(l)
of New Mexico Proving Ground
Dste of Windshield(? Round  Gun Observer® luzzle  Retardation Velocity«h)
Firing Length No. Used Velocity ~at point 5 Sta
inches £4/sec ft/sec/ft ft/sec at

11/10/43 Standard k.5 1 75~mm 1 2820 116 2763
11/10/43 Standard 4.5 1 75~mm 2 2820 116 2763
11/10/43 Standard 4.5 1 7 5=rm1 1 2820 116 2805
11/10/43 Standard 4.5 1 75~mm 2 2820 116 2805
12/10/43 Stendard 4.5 1 75-mm 1 2800 est.  .116 2747
12/10/43 Standard 4.5 1 75-nmn 2 2800 116 2747
12/10/43 Standard 4.5 1 75~ 1 2800 116 2785
12/10/43 Standard 4.5 1 75-mm 2 2800 .116 2785
13/10/43 Standard 4.5 1 75-mi 1 2870 116 2814,
13/10/43 Standard 4.5 1 75 2 2870 116 2814
13/10/43 Standard 4.5 1 75—mm 1 2870 116 . 285
13/10/43 Standerd L.5 1 75~-mm 2 2870 .116 L2854
26/10/43 Standard 4.5 1 105wmm 1 2640 J116 L 2584
26/10/L3 Standard 4.5 1 105~mm 2 2640 Q16 2589
27/10/43 Standard 4.5 1 105=mm 1 2350 116 ! 2291
27/10/43 Standard 4.5 1 105-mm 2 2350 116 2297
27/10/43 Standard 4.5 3 105~mm 2 2440 J116 - L3
21/10/43 No Windshield X 75-~mm 2800 est, .32 I 2752
21/10/43 No Windshield 1 75~mm 2800 est, 32 | 2640
28/10/L3 No Windshield I  105-mm 3 2340 274 L 2196
28/10/43 No Windshield 2 105-mmn 3 2570 .291 2423
29/10/43 No Windshield 1  105-mm 2 2300 246 2180
10/11/43 3.3 2 105-mm 2 2300 24 2230
P 303 2 105~mn 3 2300 .146 2220
10/11/43 3.3 3 105~mm 2 2300 146 2230
10/11/43 3.3 3 1.05~mn 3 2300 <146 2230
10/11/43 3.3 4 105=mm 2 2300 146 2230
10/11/43 3.3 N 105<mm 3 2300 2146 2230
10/1/44 2.9 1 105~mm 3 2380 .16 2300
10/1/44 2.9 2 105-mm 4 2620 .16 2540
10/1/b4 2.9 P 105-mm 3 2620 .16 2540
10/1/44 2.9 2 105-mm 2 2620 .16 2540
11/1/44, 2.9 1 105-mm 1 2600 est. .16 2520
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dons of Projectile - 57-mm AFC M36(1)made at University

o _Proving Ground
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i Retardation Velocity(("") Stability Factor Method Used Average Stability
y _at point 8, Standard Atmospheric Connitjons  to Campute Factor if fire?l
fu/sec/ Lt It/sec at point & at the muzzlel5 Sa from 105 How M3(6)
116 2763 1.324 1.27 A.P.Ge
0116 2763 10331 1928 A.PAG'- ’
116 2805 1.304 1.29 Fowler
.116 2805 1.333 1.32 Fowler
’&o 0116 271'}7 loBlLs ! 1.30 A.PCG.
f, N
'116 &-710:7 10311& ll27 A.POG- } A-P.G’o 1.05
116 2785 1,230 1.22 Fowlet Fowler 1.05
.116 2785 1.269 1.26 Fowler
2116 2814 1.250 1.2 A.P.G.
116 2814 1.279 1.23 A P.G.
116 285 1.227 1.21 Fow'.er
.116 2854 1.276 1.26 Fowler
.16 258 1,09 1.05 AJP.GT
.116 2589 1.00 <96 A.P.G.
|
.116 P 2291 1.04 *99 A.P.G. 1.00
.116 2297 1.04 1.00 AP.G.
116 - . e3m 1.06 1.00 AP.G.
E. . 32 I 2752 2.97 2. 96 Ao Po Go 2
to '32 |‘ 2640 3'30 2093 AJPDG. .bz
i
R L 2196 2.71 2.38 A.P.G.
291 2423 2.61 2.52 A.P.G.
. 2,37
L20h 2120 2.58 2,40 A, P.G.
Jd46 2230 l.45 1.36 APGT
011‘6 2230 l.hz 1033 ACP.G.
01L|.6 2230 1036 1028 A‘P.G. l ﬂl
146 2230 1.36 1.28 A.P.G. *
46 2230 1.36 1.28 AP.G.
Q46 2230 1.37 1.29 APGe
16 2300 l.46 1.36 A.P.G. =
016 2540 1.58 111;8 A,P.G. L
.16 2540 1.57 1.47 A.P.G. a2
Jd5 2540 1.59 1.49 A,P.G.
. 16 2520 1.57 1.47 A.P.G. J
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Notes for Table X
Dates are given day, month year.
(1) The 57-mm APC M86 projectiles were all from the special lot
vde;cribed on page 43. They wefe without rotating band and without the
groove or seat for the band. All were filled with ammonium alum and
were fitted with dummy fuzes made to simulate fuze BD M72. The mass dis-
tribution in the projectiles with standard windshlelds used in the 2875-D

i Sebots was as follows:

APC M86 with stsndard windshield, windshield and AP Cap brazed on,

base threaded for sabot ring,

empty 6 1b. L.25 oz
; Mock-up of fuze BD M72 13.5 oz
K Ammonium alum filling 1.0 oz
Total assembled weights 7 1b 2.75 oz
A (longitudinal moment of inertis)  0.0299 1b ft2
B(transverse moment of inertia) O;ﬁgZB ‘1b ft2
S LTS

Ratio A/B
(2) The length of the windshield isﬁﬁﬁﬁf
axis. The standard windshield is A4.50" f”ﬁ

sured along the

4

used the equivalent length is 1.35".
(3) Designates the person who obtained the data from the yaw

cards.
(4) Computed using the value in the preceding column.

(5) This value is obtained from the value in the preceding column

by use of the formula:d

'

‘ s VA

! (o] a - o

»-7-—2: — sae R. Kent, A.P.Q. Roport No. 85, page 13.
v . ?ﬂp Vo

T e,
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Notes for Table X (Concld.)
where Sp, is the determined value of the stability factor down the
range, i.e., the stability factor at the point a corrected to standard
airdensity.
Sop is the stability factor at the muzzle at standard air density.
Vg is the velocity at point a.
Vo is the velocity at the muzzle.
SEP is eguivalent to the symbol S as used in the special report by
the University of New Mexico on the stability of the M86 in the
75-mm gun, referred to in the text.
Standard Atmospheric Conditions are:
Pressure 750-mm Hg (29.53 in. Hg), Temperatures 15°C. (59°F), Humidity
78% saturation, Density 1.2034 kg/m3 (525.9 gr/ft3). (APG Report X-113, p. 40)
(6) This is the value that the stability factor, at the muzzle, would
have, if the projectile were fired from thell5-mm Howitzer M3 at the MV of

the determination. It is computed from the average of the values in the

preceding column. This is done by multiplying that average by the square
of the ratio of the distance traveled in the Howltzer in making one turn
to the distsnce traveled in the 75-mm guns in making one turn, i.e., by
(%)2}{-—;;25%)2 . It applies at the MV stated in the 5th column.

(7) A.P.G. The method in current use at Aberdeen Proving Ground. See
A.P.Gs Report X-~113. 1'"Resistance and Stability of Projectiles,” by H. P.
Hitchcock. Fowler - The method described by Fowler, Gallop, Locke, and
Richmond in "The Aerodynamics of a Spinning Shell," Phil Trans. KRoyal
Society Vol. A-221, 296 ~ 397.

The figures in this table are taken from a table prepared by J. McG.

Millar, of the Geophysical Lsboratory, who made the computations to reduce
the stability factors to the muzsle, from the University of New Mexico data.

CONFIDENTTAL
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Summary of Peatures of Jesigns of 105-my/57-m (APC ¥36 mod.)} Sabotg

Design .. Sabot
o A Plastic Sleeve tztal
Katerizl Remszks Aemarks Holes ifangt;x:: Diameter weight
No. Dismeter . g}}a"d
inches irches inches ib.
2-105 TR C.R.5. Extends .47 in froat Nome  Nome 3.4 : fldg? b9 ’
of band. ) M
2-1058 T.R. C.R.S. As 2-105, but 8 holes 8 875 3.4 E,lggg 3.8
5650 dig. drilled 1" - &
deeo from front. =
1
2-1058 T.R. C.R.S. As 2-105, but 211 but 8 -875 3.4 f.]o.g? 340
.05% in front of band .
removed, 12 holes
drilled from frort.
2-105¢ T.R. C.R.S- As 2-125, but no holes 8 875 3. tjolgg 3.5
drilled. "
. .1
2-1050 T.R. C.R.S. As 2-10%B, but lydes 8 875 3.4 i. ég? 3
drilled from rear .
‘* after banding.
- ! 2-105E T.R. C.R.S. As 2-1053, but 8 holes 8 .75 3.3 f%ég 3.2
N 5% dia. drilled from . -
rear after banding
= : Q . 4328 3.25
- N:% oR.S. As 2-105E Holes drilled from 8 »75 3.5
2-105F T.R C.R 2 roan 3 deep 8 -.005
treacing slits full
length.
2~105G T.R. C.R.S. As 2-105% Hollow shell with Hone None A 28 3.2
solid section at . ~.005
each end.
2-1058 T.R. C.R.S. As 2-103E. Solid excert for None None 3.5 L1 3.8
brealclng slits ~.CC2
2-105J  T.R. C.R.S. As 2-105E, but Solid exeept for None None 3.5 L.121 3.1
skirt omitted breaking slits -.00%
2~1058 T.R. C.R.8. As 2-1058, but Solid except for Nene Nor:e 3.5 7 3.7
8 segments brealdng slits
2-105L  T.R. C.E.S. As 2-105E. Plastic in three None None 2.5 ? 367
rings
2-105N  T.ER. CuReSe As 2-105E, but Solid except for None None 3.3 4,131 52
skirt shortened brezicing slits .gn <003
dural ring in front
of plastie
2-105P  T.BH. C.R. 8. As 2-105E .6" dural ring in None  YNone ? 3.9
front of plastic
2-105¢ T.E. C.B.8. A48 2-105E .8n dural ring in None None 3.2 ? 2.3
front of plastic .
2-105E  T.R.  CuR.S. As 2-105E .8" Gural ring in  Neme  Nome 2.2 ra3l)
front of plastie, ~.0c3
set screws in dural
5-105 B.R. Steel S0lid exceot for 8 15/16 435 La128 3e7
vield breaking slits H ~.005
>100,000
DPesalis
6-105 T.R. Dural & Daral ring forms band Solid except for None None 7L 4.128 3.0
C.E.8. seat ard extends .44" in breaking slits --005
front of band, sikdrted
steel cisc behind dural e o
9=-105 T.E. Doral & Dural ring forms band Solid except for Nene None 2.90 L.128 3.1
Plastic seat, plastic :xing behind bresidng slits ~.005
dural. Both rings slit
- from inside leaving outer
\ surface intaet.
9-1054 T.R.  Dural &  Same as 9-105 Nore  Nome  2.90 Ll 2.2 '
Plastic -.005
9-105C T.R. CeRaS. & Like 9-105 but éural re- 2.90 4.128 3.1
Plastic claced by C.E.5. 12 9/16n -.005
holes drilled fram front
in steel ring
15-105 T.R. C.R.8. As 2-105F but orimping 6" gursl in front 2 3.5
skirt shortened and of plastic, plastic
band dlameter decreased holleowed out in

center

T.R. Threaded base ring. Ring surrounds the rcer end of the subcaliber projectile and is threaded
to it.

B.E. Base ring. Yhis is 2 base #ith & central hole. Thrust ard torque are applied by it to the
base of the subcaliber prcjzctile.

C.R.5. Cold rolled steel.

{1) There are two drawings of Plate I, Design 2-105R, dated 1/31/4k. The first, bound into the
report of February 2, 1944, shows the diameter of the sleeve as 4.171" -.003%. The second,
" L shows it as 4.130% «.003". The lot of projectiles

supplied to the Amy were made to the letter drawing.
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Summary of Features of Design of 105-mm/3" (HE Mi2Al) Sebots

Design
; No. gfse Plastic Sleeve Diameter Total
| Type  Material Remarks Remarks Extengs in MhiAi weight
‘ front of vnae, ol
j bend ;o band sabot
; inches inches 1b.
? 3--105 T.R. C.R.S Sabot is patterned on 28-75D. Solid except for L5857 2,900 3.91
: Threaded steel ring lightened by breaking slits
; cutting a deep vide groove in
- front of rotating band.
' 2-1054 T.R. C.R. S, Like 2-105 but steel in front of Solid except for Le4i8 2.900 3.25
rotating band eliminated. breaking slits
3-105B T.R. C.R.S. Like 3-105A Solid except for L.48 2.965 3.2
breaking slits
f 4=105 B.P. C.R.S. Rear face of plate coned. Front Solid except for 5.30 2.980 Le2
face of plate has shallow cup breaking slits
tocenter the Mj2A1. No center
hole in plate.
7=105 G.R. Steel . The groove for the band seat of the Solid except for 3429 2,965 3.75
Plastic M42M was deepened, dia 2.645Y, breaking slits
and a stecl ring in 4 segments
. fitted in it. The ring was held
: together by the rotating band, A
plastic sealing ring was fitted
behing the stool ring: . se e
}
i 7=1054  Ge¢Re C.R.S. The segmented steel ring was Solid except for 3.10 2.965 2.75
i Plastic lightened by cutting a deep breaking slits
groove in it from the rear face
H 7-105A G.R. C.R.&. Same as 7=-105A but with .20" play Solid except for 3.10 2.965 2.75
: Plastic between steel ring and ends of bresking slits
| groove in MA2AL
! 10-105B  T.R. C.R.S. The threaded steel ring 1s the Solid except for Le48 2.965 3.25
| length of the rotating band only, breaking slits
: partially segmented by I radial
% slits, Plastic sealing ring be-
; hind steel ring.
é 11-105 B.R. Steel Ring coned on rear face, shallow Sleeve lightened 5.20 2.970
. S.A.E, depression for MAi2AL on front by drilling 16
" 1130 face. Threaded to hold plastic holes 9/16" dia
H. T. sleeve. Opening in ring 2.47" dia lengthvwise.
! 11-105A B.R. Steel Diameter of central hole Sleeve solid ex- 5.30 2,970 2.5
‘ S.ALE, decreased cept for brealting
11.30 slits
He Te
; TsRe Threaded base ring. Ring surrounds the rear end of the subcaliber »rojectile and is threaded
' to it.
I,
i
: B.P. Base "plate". This ic o zolid base, withioubt ¢ central holc. Thrust ond torque are appiled
i by it to the base of the subcaliber projectile.
§
' B.R. Bagse ring. Like the base "plate" but with central hole.
;
L G.R. Groove and ring. 3ee remarks under ‘/-L0U5.
H.T. Heat treated.
C.B.S. Cold rolled steel

The outside diameter of the bourrelet was the same in all designs, 4.128"

~.0051,
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Materials Used in Sabot Projectiles for the 76-mm Gun MLA2
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Table XIIB
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Base or Sabot

Sabot retalning
ring

Bourrelet sleeve
Bourrelet band
Sheath rear

portion

Sheath front
portion

Pad

Core

Total weight

Weight of WC
core

(1) Dowmetal type O-1 was preferred but type H was available, and was

used. The makers data show that aging increases the strength of this cast

Projectiles made by
Univ. of New Mexico
to design 3-76 EH

Projectiies made by Turbo Machine
Co. to design 3-76J revised to
3048/44 and plate IV dated 28/8/i4.

steel, heat treated

Dowmetal type 0-1
Dowmetal type O-1
Cold rolled steel
Steel, heat treated.
Cold rolled steel
Aluminum alloy 175-T
Tungsten carbide, 13

percent cobalt,
carboloy 554,

7.97 1b
3.96 1b

alloy but decreases the elongation.

8744 N.E., H.R. steel. Machined
before heat treating. 363 - 365
brinell, 156,750 p.s.i. yield,
170,250 p.s.i. tensild.

X1020 steel, used as received from
mill

Cast Dowmetal H, heat treated and
aged (aging time was rather short@))

Cold drawn seamless tublng, used
as received from mill

Same as used for base

Cold finish X1020 steel; used as
received from mill

Aluminum alloy 175-T

Tungsten carbide, 13 percent cobalt,
made by Kenametal

7.7 1b

Slightly less than of core used
in 3-76 EH.

) - /61
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University of New Mexico Drawings

The following Universitv of New Mexico design drawings have been

selected for inclusion in this report; and reproductions of them
follows

28-75D, plates I and II dated 27 May 1943

28-75D, revised, plate III dated 6 May 1944

2-105R, plates I and II dated 31 January 194/, plate III dated 6 March
1944, drawing of windshield, plate IV dated 6 May 194J.

3-105B, plates I and II dated 26 November 1943, plate III dated
6 Vay 1944

3-76J, plates I, II and III revised 30 August 19/, plate IV dated
28 August 194L4.

This list does not include all the drawings to which sabot projectiles
that were supplied to the U.S, Army for test were made, but with the notes

in the text it is sufficient to give a fairly detailed deseription of all

A
—

these projectiles. For greater detail the drawings contained in the

University of mww reports to Division 1 may be consulted. Draw=-

ot
4 bttt
&
‘8

2 were supplied to the Office of the Chief of
Ordnance at§ ‘ ”d ;ﬂﬁe projectiles were delivered.

The following notes will serve to identify the drawings pertaining
to the different lots of sabot projectiles supplied to the U.S. Army for

test.

e Ty T AT

28-75D. Plates I and II show the design to which the 75-mm/57-mm

f (APC M86) sabot projectiles for the 75-mm Gun M3 that were tested at

k . A.P.G. in 19,3 were made. For some details see pages 42 and 43.
¥ &
- | CONFIDENTIAL
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28-75H, (not reproduced here) was 28-75D with the steel base ring
slightly modified to facilitate production - see pages 48 and 49.

a

Yy - L _ e adn of o~ o - PO I N
L‘ldbb‘ i1l i10JmMs a parv oL U

itle U.N.M. Report of March 10, 1943.

28-75D Revised. Plates I and II dated March 2, 1944 (not repro-
duced here), show the design to which the 75-mm/57-mm (APC M86) sabot
projectiles for the 75-mm Pack Howltzer that were supplied in 1944
were made. For a deseription of this design see pages 98 and 99. These
plates form a part of U.N.M. Report of August 1, 1944. Plate III dated
May 6, 1944 shows the U.N.M. proposal for substituting light metal for
the plastic in this design, see page 104. This plate also forms a part
of the U.N.M. Report of August 1, 1944. Plate IV dated August 30, 1944
(not reproduced herc) shows the design of light metal sleeve proposed
by the University of New Mexico for replacing the plastic sleeves on the
projectiles already made and furnished to the U.S. Army, see page 10l.

2-105R, Plates I, IT and III together with the drawing of the wind-
shield show the design to which the 105-mm/57-mm (APC M86 modified) sabot
projectiles for the 105-mm Howitzer M3 were made, see page 76 for some
details. Plate IV, dated May 6, 194l shows the University of New Mexico's
proposal for substituting light mstal for the plastic in this design,
see page 104.

3-105B. Plates I and II show the design to which the 105-mm/3"
(HE M42A1) sabot projectiles for the 105-mm Howitzer M3 were made, see
page 80 for some details. Plate III shows the Univerd ty of New mex:i.co“s
proposal for substituting light metal for the plastic in this design,
see page 105,

3-76FEH (not reproduced here). The first lot of twenty-five tungsten

carbide cored AP sabot projectiles for the 76-mm Gun M1A2 made by the

CONFIDENTIAL
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University of New Mexico and supplied to A.P.G. on July 23, August 1,
and August 13, 1944 were made to this design. The drawings 3-76E, plates
T, TI and TII revised to July 1, 1944 and 3-76H dated June 27, 1944 form
& part of U.N.M. Report of Auguét 1, 1944. The design consists of design
3-76E as shown on the three plates mentioned,but with the base or sabot
shown on 3-76H substitutéd for that shown on 3-76E. The design is very
similar to design 3=76J the drawings of which are reproduced here. The
main differences between these two designs are glven on pages 122 and
123.
3=76J. Plates I, II and III revised August 30, 194l and Plate IV
dated August 28, 1944 show the design to which the second twenty-five
sabot projectiles for the 76-mm Gun M1A2 were constructed, see pages 122
and 123. The welghts of parts are as follows:
core 3.87 1b (4 weighed)
sabot banded 1.53 1b (1 weighed)
bourrelet + band .521 1b (1 weighed)
base of sheath with tracer .500 1b (1 weighed)
front of sheath 1.125 1b (1 weighed)
pad .Oél 1b (1 weighed)

assembled projectile 7,66 b (1 weighed)
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CONFIDENTTAL

Chart giving striking velocity and penetration of U.N.M,

sabot. projectiles for the 76-mm Gun MLA2.

This chart, the original of which was prepared by the Ballistic
Bronch, Research and Materials Division, Research and Development Service,
Office of the Chief of Ordnance, is hased on data obtained at Aberdeen
Proving Ground using several different projectiles. The form factor
used in computing the striking vslocity VS range relationship was ob-
tained by firings of U.N,M. 3-76J. The nenetration data was obteined
from firings of U.N.M., %=76EH, British 17-pr sabots, and other projectiles
hoving a 4 1b core of cemented tungsten carbide. The subcaliber pro-
jectiles of the two U.N,M. desirns are so like that of the British 17-pr
sabot ~rcjectile that the penetrations of all three should be identical
at any given striking velocity (assuming no yaw at the plate in all cases).
The construction of the other projectiles was radically different but

the corce were the same as those in the sabot projectiles.
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APPENDIX T

EFFECT OF MOISTURE ON DIMENSIONS OF PLASTIC PARTS

Some information ebout the changes in dimensions of laminated
phenolic plastics has been collected in this Appendix. This includes
test data selected from two papers and a short statement of the results
of some tests made at the Geophysical Laboratory.

First, however, it is desirable to have it mind what expansion of
the diemeter of the plastic sleeves of the University of New Mexico de-
slgns is tolerable after machining. Table I shows this on the assumption

that no paint or other material that will incresse the diameter is applied !

over the plastic. If the limlt of tolerable expansion is exceeded, the
projectile may not load. J'f, to increese the amount of expansion that
can be tolerated, the design diameter of the sleeve is reduced, this
will presumably result in increased yaw and dispersion of projectiles

that have been well dried.

Table I
Design No. Diameter of sleeve  Diameter of bore Limit of expansion
tolerable
inches inches inches percent
2 - 105R 44130 - .003 4,134 4+ 002 -004 0.097
3 - 1058 L.128 - ,005 hel3l + 2002 006 0.345

Date from the Literature

Table II presents selected test data from a paper by Wakeman;(

ME TR N SR SR R T M e e M n M B SE A M em e Em W N m em B AR ee am em me e e em  mm mm A

a7/
=~ Vakeman, Reglnuld L. PDimensionsl Changes in Boiling Water,"
Modern Flastics, Vol. 18, July 1941, p. 65 et seq.
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Columns 3 and 4 give percentage increases in the length of test pieces
2 3/h" x 1 x 1/8" after being immersed in distilled water at room
temperature for 6 weeks and for 2 years. How representative these data
or those of Table III may be is not known to the writer.

Table III presents some data taken from a paper by Titusjac The
tests resulting in the figures given in the table were made on speci-
mens that had been dried by heating at 149°C for 21 hours. The
specimens were then placed in glass desiccators containing water,
salt solution in equilibrium with solid salt, or desiccant, to give
the relative humidities noted in the table. The desiccators were
left at room temperature throughout the test. It should be noted that
at the beginning of their exposures to the relative humidities noted,
the specimens were drier than any machined part made from the same
plastie would be when it came off the lathe, and that the expansion of
the machined part, if it were the same size as the test specimen,
would therefore be less, at 100 percent relative hunidity, than that
of the test specimen.

The ASTM tentative specifications for laminated thermosetting

materials (D 709 = rr T) specify maximum water absorption. However,

D

the specifications are in terms of weight and for short term immersion
tests and give no information about the changes of dimensions to be b
expected.

A recent paper by Burns3/ glves & good deal of interesting informa-

ticn on dimensiensl changes of plastlcs bnt none of the data pertsin

directly to the particular plastics with which we are concerned.

B An MR mN MR e W M Emm GR R Ee MR M s MR e e Em MR Mma Gm @A My Ym WS Em s em e e ar A W am Sw

2/ A. C. Titus, "Effect of High Relative Humldities in Producing
Changes in Dimensions of Plastics," Plastics and Resins Industry,
August 1944, p. 12 et seq.
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Table TII

! PERCENTAGF INCREASE IN LENGTH OF LAMINATED PHENOLIC PLASTICS*

{ 100% R.H.  27% R.H.

80 days 62 days 0% R. H.
Cotton cloth base 0.3 0.15 -0.025
Glass cloth base 0.15 0.075 &)
Asbestos base 0.19 0.1 +0.025

j The specimens were strips 4" x 0.9" x 0.07". They were dried

! for 21 hours at 149°C before being exposed to the relative
humidities stated. All changes are relative to the lengths
after heating snd subsequent cooling. The specimens were ex~
posed to the different reletive humidities at room temperature,

% Data from Titus

It will be noted from the data of Tables II and III that the glass

2loth bose laddnaied phenvliic material ecapands much less than laminated
! phenolic plastic¢s with an organic fiber base, but that even this material
expanded 0.15 percent when exposed to a relative humidity of 100 percent

at room temperature. Still greater expansion is to be expected from

immersion in water. Now ammunition may be exposed to high relative

humidities, 90 percent or more, for long periods of time, and may stand

in the rain or be immersed in nud or water, or it may be used in desert

e S——

country and be exposed to high temperatures and low relative humidities,
under 10 percent, over long periods of time. Thus it is not certain

that even glass fabric base laminated phenolic material could be used ;

j/ Robert Burns, "Dimensional Stability of Plastics,! ASTM
Bulletin, May 1945, p. 27 et seq.
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for slesve bourrelets on projectiles that might be used in any part
of the world without allowing greater design windage than is ailowed
by the University of New Mexico designs, even if the moisture content
at the tine of machining were controlled.

It may also be noted in passing that plastics are subject to other
slight changes in dimensions in addition to those brought about by
moisture. The data of the last five columns of Table II reflect this.

The sliding bourrelet of Critchfieldé/ provides one means of over-
coming the difficulty. Some of the objections to its use for service
projectiles would be removed by putting the sliding collar on the in-

slde instead of on the outside of the sleeve.

JTests made at the Geophysical Laboratory

In January 1944, the Geophysical Laboratory began making o number
of tests of a design that had been proposed for a sabot for the 20~-mm
Hispano. This design utilized a sleeve of plastic surrounding the sub-
caliber projectile in the way that had been introduced by the University
of New “exico. It was necessary to know how the dimensions of these
plastic parts would be affected by the most extreme moisture conditions
that they might be exposed to in service. Accordingly, long~term tests
in which specimens were immersed in water or exposed to high or to low
relative humldity were begun about the middle of January. After a few
preliminary tests had been carried out, the series of tests reported on

in the following article was begun. These tests were conducted by J. Mel,
Millar. Portions of his summary of the changes in dimensions that occurred
have been appended to these notes, as they are pertinent to any consideration

of the use of plastics of these types in ammunitlon components.

v m mr R W em Ve Ee Sm mE M WR WW G MR A Gm S B ey Ey e e MR VR me Ww Am W e e e mR D —
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- Appendix to Appendix I -

EXPANSION AND CONTRACTION OF PLASTIC SLEEVES EXPOSED TO
DIFFERENT DEGREES OF HUMIDITY AND IMMERSED TN WATER

by John McG. Millar

1. Purpose:

The tests described here were intended to show how much the plastic
sleeves would expand or contract when exposed to different degrees of
hunidity, and when immersed in water.

2. Specimens used in tests:

For the most part the specimens were sleeves formed from phenol~
formaldehyde plastic with an organic fiber base, and intended for use
as bourrelets on 20-mm sabot projectiles. They were essentlially short
tubes with an outside diameter of 0.784", and an inside diameter of
U. 589", They are described in Table I, together with the material from
which they were made. The sleeves made from the first two materials
listed there were made by molding, the others were machined. The lengths
of specimens differed. 1In part this was due to the necessity of machin-
ing a smooth surface of some width on the front end of the sleeve to
permit accurate measurements of length to be made.

The Phenolite XX 21 and XX 25 paper base plastics could not be ob~-
tained in 0.8" tubing. Therefore 0.5" tubing was used to make test
pleces. These were made 0.5" in diameter, 1" long, and had the same wall
thickness as standard sleeves. Later, a few scraps of 0.78" tubing of
the same kinds, both rolled and molded, were obtained, and tested for
immersion only. The results of these tests show that the expansion of
the full size tubing is sbout 90% of that of the 0.5% tnting in the case
of immersion. It is probable Lhat the behavior under other humidity condi-

tions is also comparable.
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3. Conditions to which exposed:

a. Immersion in water: The plastics were kept covered with dis-

mperature, 08°F to 82OF,

b. High relative humidity: The sleeves were enclosed in a sealed

glass vessel over a saturated solution of cupric chloride in
water, and the vessel was kept in a thermostated oven at 1020F
to 106°F (38°C - 40°C). The specimens were thus exposed to a
relative humidity of 89 - 9O%L/ at 102°F and 106OF.

c. Low relative humidity: The sleeves were kept over potassium

hydroxide sticks in a desiccator, and in the same oven, i.e.,
at a temperature between L0OZCF and 1060F. They were thus ex-
posed to a relative humidity of less than 1% at these tempera-

turesg{

L. Method of Measurement:

The outside diameter and the length were measured. Measurements
of all dimeq?ions were carried out with a micrometer. Usually the test
sleeves were slightlv out of round., In this case the maximum and minimum
dismeters were noted, and the average was considered to he the value of
the diameter measured., Maximum and minimum lengths were similarly aver-
aged. The location of the maximum and minimum dimension was marked on
the sample on the first measurement. Subsequent measurcments were carried
out on the same places as the first. The cutside diameter of sleeves

machined from the molded Phenolite LE 75 plastic and the paper base plastics

were circular to within 0.0003", therefore only one dizmeter was measured.

- am e Sm s mA SR MM mm MW @A TE ew e MR @A MR M M A A um M e AW e M BEm M Ee @n e e ME W em

1/ International Critical Tables, Vol. I, p. 67.

g/ International Critical Tables, Vol. III, p. 385.
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Later in the experiment it became apparent that the molding joint has
some effect on the expansion: Samples that were round after machining

The out=ol-roundness is, however,

became ont of round on cipansion.
only 0.001" or less. The error in each individual measurement is
=+ 0.0005",

Measurements were made at 1 and 2 days, and at 1, 2, 3, 4 or some-
times 5, 8, and 13 or 1) weeks after the beginning of the tests. The
samples had, of course, to be removed from the containers for measurement
but were never left out for more than 90 minutes. The containers were
left in the oven wﬁile the measurements were being made. The temperature
of the oven was checked frequently and was always found to be 38 - ,00C.
5. Results:

The results of the tests are shown in the attached graphs of change
in dimensions versus time. It has already been noted that fhe dimensions
of all the specimens were not identical. In plotting the changes in
dimensions, therefore, in order to assist direct comparison, all dimen-
sions have beenAreduced to a common standard by multiplying by the ratio;
dimension of standard / original dimension concerned.

"Back Diameters" (see attached graphs) are outside diameters; the
micrometer is held so that the rear esdge of the sample coincides with
the edge of the micrometer flats.

"Pront Diametersh (ohly Bak. 1132 and Durez 1905) are outside
diameters; the micrometer is held so that the edges of the micrometer
flats are 1/4" from the front edge of the sample.

Lengths were measured parallel tc the axis of revolution of the sample.
Table II gives a summary of all tests and all final changes in dimensions.

This tsble is represented grophically in graph No. 1l.
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It will be noted that in the case of the two sets of molded
sleeves the changes in the front and back diameters are different, and
both are different from the change in length. Thi: ., wppees ouraiige
~at first sight. The changes in dimensions are closely related to the
organic filler. Both these molded materiais have fiber fillers. Ix-
amination of fractured surfaces under a Greenough binocular microscope
shows that the fibers tend to be arranged with their long dimensions in
planes perpendicular to the axis of the sleeve, and that thelr concentra-
tion 1s greater at the back end than at the front end of the sleeve.
This probably accounts for the differences in the changes in dimensions.

An uncertain factor in these tests is the initial condition of the
samples with respect to moisture content. We have, for instance, no
definite iInformation as to the brevailing hunidities at the time the tests
were started. (It may be roughly estimated to have been about 50% + 10%)
The influence of the initial condition of the samples may be illustrated
by the following. Some preliminary tests were carried out on Bakelite
1132 and Durez 1905. Three and four pleces of each were exposed to the
high and low humidity atmospheres under the test conditions already des-
eribed. The results.of these preliminary tests show a larger effect of
the desiccation than in the main test and a correspondingly smaller effect
of the humidification. However, the total chenge in dimensions is the
same as in the main test. This situation is presumably due to a different
initial moisture content of the plastic.
6. Conclusion:

The magnitudes of the expsnsion and conbraction that must be taken
into account in using the plastics tested are shown. The magnitude of

these effects, together with the difficulty of knowing the molsture
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content of the plastic at the tine of machining, prohibits the use of
any of these materials for bourrelets unless some comnensating device
Lo used such as a siiding bourrelet.

The effect of ageing of the plastics on the dimensions of parts

made for them remains a guestion.

Note: Four diagrams, graphs 3, 4, 5 and 11, of Mr. Millar's report
have been selected for reporduction here. These will be
found following the tables.
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Figures from Mr. Millar's report reproduced here.

1‘

Ze

3.

Percentage change in outside cdiameter against time of exposure to
different moisture conditions for hollow cylinders machined from
laminated cotton fabric base phenol-formaldehyde tubing. (Graph

3 of Millar's report)

Percentage change in outside diameter against time of exposure to
different moisture conditions for hollow cylinders machined from
laminated molded paper base phenol-formaldehyde tubing. (Graph 4

of Millar's report)

Percentage change in outslde diameter against time of exposure to
different moisture conditions fsv holisw cylinders machined from
laminated rolled paper base pherol-rormaldehyde iubing. (Grzph 5 of
Millar's report)

Percentage change in dimensions o hollow c¢ylinders of various plastics
after being exposed for 92-08 days to different moisture conditione.
(Graph XI of Millar's report) ,,/“’//
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APPENDIX II

PRESSURE MEASUREMENTS AT UNIVERSITY OF NEW MEXTCO

A1l chamber pressure messurements made by the University of New
dexico were made with copper crusher gauges. Prior to June 13, 19il
gauges employing copper balls were used. {or measurements on that date,
and for all subsequent measurements ;standard U.S. Army medium caliber
pressure gauges employing copper cylinders were used. The copper ball
gauges used had a piston approximately 1/30 square inch in area. The
balls used were. 5/32" diameter and were supplied to the University of
New Mexico ready for use, No drawing of these copper ball gauges 1s
availasble but the gauges were based on the deslgn introduced by Hickman%/

Gauges of this type beceme widely used in NDRC contracts and many
small modifications of the origizal design were introduced.

The tarnge tables fzr use with tha copper bell gauges are basad
on measurements of the compression of tle annealed copper bsalls produced
by & Fverant statie loads, the measurements being made over the full
iseful range. The pressure indicated by a gauge, after having been used

in the chamber, is therefor: the static rressure that,acting over the

- ves of the piston,wo,” . produce the compression of the copper ball

to ds  The chaxc or pressures indicated ry copper crusher geuges using
eithe; B¢ -t9 or aylinders are alwaeys less thar. the actual peak pressures
as indie: "¢d by plezo electric gauges.

l/ NDRC Re‘\rt A=2). "The use of copper ballz: for measurlns pres~

B o
sures in combustic. chambers" by C. N. Hickmaen, Nov. 1941,
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Copper crusher type pressure gauges have long been in use for
measuring chamber pressures,and,in spite of the. development of pilezo
electric and strain gauges,they are still used for most measurements
of chamber pressures in puns.because of their simplicity and convenience.
It is current U.S. Army, U.S. Navy, and British practice to state such
pressures in terms of the indications of a copper pauge unless otherwise
notedgl It is desirable therefore to know the relationship between
the indicationsd the copper ball gauges used by the University of New
Mexico in their firings, and those of the standard service coppef gauge
for use in the same guns, in this case the U.S. Army medium caliber
pressure gauge using annealed copper cylinders. It is also desirable
to know the relationship to the indicatlons of a plezo electric gauge
as that gauge presumably gives a close approach to the actual peak pres-
sure.

The University of New Mexico at no time used a pilezo electric gauge
in their sabot work so no comparison was made of their copper ball gauges
with a plezo electric gauge. Nor is there any record of a comparison
with the standard U.S. Army medium caliber pressure gauge. Any com-
parison that can be made now must be a rather indirect one making use of
pressure data obtained with each gauge in different firings in whlch the
same powder was used. The records have been searched for such data and

what pertinent data have been found have been collected in Table I,

2/ U.S. Army and Navy gauges cenerally use snnealed copper cylinders,
while British gauges use copper cylinders that have been annealed and
then prscompressed. For pressures above 40000 p.s.i. annealed and pre~
compressed copper cylinders are also used by U.S. Army (U.S. Arme
Specification NO 52-1-51A August 1944).
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It may be said at once that no satisfactory comparison is possible
from these data.

Part A of Table I presénts the available pertinent data frém fir-

ings using FHH M2 lot 4254 in the 75-mm gun M3. The only adequate
number of pressure dats obtained with any one desigh of projectile is
that obtained at A.P.G. during the tests of the 75=-mm/57-mm (APC M86)
sabot projectlile in ndd summer 1943, To get a significant number of :
pressure data to compare with these, data from 9 different designs ,}

have been assembled. The coﬁparison is unsatisfactory for starting

pressures may possibly be affected by the differences in design, &and
temperature data is lacking. The pressure indications of the copper
ball gauges have a rather wide spread but do not avsrage greatly dif-
ferent than those of the medium caliber gauges.

Part B of Table I lists the avallable pertinent date fram firings

using FNH ML lot X-6099 in the 105-mm Howitzer M8, Here again the only

e e e 45 i ol e cimen T

adequate number of pressure dats obtained with any one design of pro-

Jjectile 1s that obtained at A.P.G. These dats were obtained there during

the test of the 105-mm/3" (HE M42) sabot ammunition that had been filled
at Picatinny for trials by the Infantry Board. While the data are in-

adequate for a determination of the relationship between the indications

of the copper ball gauges used at the University of New Mexico and of
the medium caliber pressure gauge used at Aberdeen, they do show with~ ’

out question that the University of New Mexico gauges read much lower

than the A.P.G. géuges.

Part C lists the available pertinent data obtained from firings from P

the 105-mm Howitzer M3 using FNH M2 lot Rad-3004. Again the data do

not permit & determination of the relationship of the indications of
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the two gauges but do shoﬁrthat the copper ball gaugea read rmuch lower
than the medium caliber preésure gauges.

Part D of Table I glves pressure data obtained in firings from a
nearly‘new 76~mm Gun MLA2 using charges of FNH M2 lot 4254. On June

.2y 1944 8 series of 8.0 1b slugs, made from standard HE shell MLQAI

were fired. Four copper ball gauges were used in each cartridge case.
A1l the readings obtained (23) have been used in preparing the tsbla.
Pressure data obtained with the medlum caliber pressure gauge to com-
pare with this 1s available for only one round. This has been included
in the téble. It will be seen that there is a large spread in the in-
dications of the copper hali gauges in the same round but that the
maximum indication from each round is fairly uniform, indicating that
the actual pressures developed were fairly uniform and that many of the
gauges did not work well mechanically. As medium caliber gauge readings
are avallable for only one round no valid comparison of the readings of

the two gauges is possible. The indication is, however, that the copper

‘ball gauges read lower than the other and this is consistent with the

indications from firings in the 105-~mm Howitzer M3,

No survey of the relationship between the preééure indication of
the U.8. Army copper gauges and & pilezo electric gauge will be attempted
here. It 1s appropriate, however, to mentlon comparisons carried out
in the 76-mm gun and reported in B.R.L. Reports 351 and 378. In the
work covered by the first mentioned report it was found that av normal
temperatureé with normal charges in this gun (pressures mostly a little
over 0,000 p.s.i. copper) the pressure indicated by the piezo electric
gauge was about 1.2 x that indicated by the medium caliber gauge. In

the work covered by the second mentioned report in which excess pressures
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were developed (1) by increasing the charge and {2) by increasing the

temperature the relationship was less consistent than in the work at

normal pressures, but the results did not demonstrate a change ir

this relationship.
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The work conducted on sabot projectiles by the University of New Mexico from 1942 to 1944 is
summarized. Following a discussion of sabot mechanisms and materials of construction, several
projectiles are described. These include armor-piercing sabot projectile for the 75-mm gun,
armor-piercing and high-explosive sabot projectiles for the 105-mm Howitzer M3, armor-
piercing sabot projectiles for the 75-mm pack Howitzer, armor-piercing sabot projectiles with
tungsten-carbide cores for the 76-mm gun M1A2, designs for the 76-mm and 980-mm guns for
construction by Remington Arms Co., Inc., and further developments in these designs.
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