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THE ARMY’S ORGANIZATION FOR
BALLISTIC RESEARCH

During the first year of U.S. involvement in
World War 1, the Army’s ballistic problems were
handled by Captain E. M. Ayer, Lieutenant R. H.
Kent, and Lieutenant S. W. Alexander in the
Artillery Ammunition Section of the Gun Division,
Office, Chief of Qrdnance (OCO). In addition to
other duties, this group planned range firings of
new cannon, supervised the ballistic firings con-
ducted at Sandy Hook Proving Ground, computed
firing tables, and compiled the first complete table
of the Army's cannon and ammunition
characteristics.

As the war went on, the demand for firing
tables and other ballistic data increased so rapidly
that the Chiet of Ordnance found it necessary to set
up a special organization to carry on this work. On
April 6, 1918 he created a Ballistics Branch in his
Office.

The first Head of the new branch was Major
F. B. Moulton, who in civilian life had been
Professor of Astronomy at the University of
Chicago. Major Moulton reported directly 1o the
Chief of Ordnance, and under his direction the
Ballistics Branch expanded rapidly, laying much of
the groundwork for the theoretical investigations
and experiments by which the science of ballistics
was to be advanced in the next two decades. In
addition to the ballisticians already on duty, a
number of well-known scientists were added to the
staff so that the required work could be done
thoroughly and without delay. By this time
practically all of the test firings and experimental
work were done at Aberdeen Proving Ground.

In many respects the transfer of most of the
Ordnance Department’s test-firing facilities from
Sandy Hook, New Jersey, to Aberdeen, Maryiand.
begun at the end of 1917, was as significant to the
Army’s subsequent work in ballistics as was the
establishment of the Ballistics Branch in OCO.
Until World War I Sandy Hook had been used for
the test firings, but it was inadequate becausec its
longest land firing range was less than four miles
and the number of tiring positions was very limited.
The outbreak of war in Europe and the growing
danger of U.S. iuvolvement showed that the
tacilities and available space at Sandy Hook would
not accommodate the enormous amount of test
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work accompanying the expansion of the Ordnance
program. Accordingly, a board of officers was
appointed to select the site for a new proving
ground, and they reported in favor of the area
along the Chesapeake Bay between Swan Creek
and Gunpowder River near Aberdeen.

On August 6, 1917, Congress, acting on the
board’s report, authorized the Ordnance Depart-
ment to establish Aberdeen Proving Ground as the
test facility. Construction began before the month
ended. and on January 2, 1918 the first test round
was fired. Thereafter, almost all of the Depart-
ment’s acceptance and test firings were conducted
at Aberdeen; the firings of only a few seacoast guns
were continued at Sandy Hook. Equipment and
personnel were moved from Sandy Hook to
Aberdeen as rapidly as possible.

Nine principal divisions were set up for the
newly-established proving ground, and ballistic
work was assigned to the Range Firing, Develop-
ment, and Instrument Sections of the Proof
Department. The Range Firing Section con-
tributed most directly to the advancement of
ballistics, although much of the work of the two
other sections promoted areas of inquiry foliowed
up in the period between the wars.

The Range Firing Section, under Major Oswald
Veblen, prepared all firing tables (at that time
called range tables), made mathematical analyses
of ballistic problems, and conducted experiments
to obtain information for increasing the range and
accuracy of projectiles.

The Development Section, headed by Captain
A. L. Loomis, assisted in the development of fuzes.
boosters, explosives. and trench warfare materiel,

developed instruments for use by the Instrument

Section. and tested all guns, carriages, tractors,
and tanks developed by the Ordnance Department.
The Instrument Section measured projectile
velocities and powder pressures and did all the
photographic work, surveying, and drafting the
Proof Department required. In addition, its
personnel developed and improved pressure
gauges. devices to measure recoil, star gauges, and
high-speed cameras for ballistic work. They also
maintained records of gun barrel erosion.

This organization of the Proof Department for
ballistic research and development, put into effect
at the beginning of 1918, was continued without
major change until the middle of 1922,
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DEVELOPMENT OF THE ABERDEEN
CHRONOGRAPH

Possibly the most outstanding single contribu-
tion of Aberdeen Proving Ground to the advance-
ment of ballistic analysis in 1918 was the develop-
ment of the Aberdeen chronograph. Like all
empirical sciences, ballistics depends on precision
instruments and computing devices for obtaining
and working the data essential to its continued
progress. Only when instruments for accurately
measuring muzzle velocity are available, for
example, is it possible to distinguish the effects of
interior and exterior ballistics on the accuracy of a
gun-ammunition combination. Moreover, it is
necessary for such instruments to be available in
sufficient numbers so that they can be used where
and when needed. Among thc instruments on
which ballistics depended in World War I were star
gauges for measuring gun bores, gauges for
measuring chamber pressures, chronographs and
other devices for determining projectile velocities,
meteorological instruments, transits, and azimuth
finders.

IR

s N

Bouieng? Chronograph

The greatest difficulty encountered in the early
proof work at Aberdeen was an insufficient supply
of accurate chronographs for measuring muzzle
and striking velocities. Several Boulengé chrono-
grfaphs were available, but there weie not enough to
accomplish the necessary work. Moreover, the
device was a laboratory instrument whose accuracy
depended on its being mounted on a vibration-

3%

proof pier. Developed in 1867, the Boulenge’
chronograph was still the standard device used in
most countries for determining projectile velocity
in 1917, but its limitations were becoming in-
creasingly evident. Accordingly, Captain Loomis of
the Development Section, with the assistance of
Dr. Paul E. Klopsteg of the National Bureau of
Standards, developed a new chronograph that was
both usable on a firing range and less expensive
than the Boulengé chronograph to manufacture. It
became known as the Aberdeen chronograph.

Aberdeen Chronograph

The Aberdeen differed from the Boulengé
chronograph principally in that it used a projectile
to complete rather than break an electric circuit
1o measure time of flight. Its design was completed
in March 1918 and at once proved very satisfactory.
The new instrument had approximately the same
accuracy of the Boulengé chronograph. but it also
had the great advantage of being portable,
producing accurate velocity measurements wher-
ever electric power was available. Designed espe-
cially to measurc the velocities of small arms
projectiles, it was particularly reliable in deter-
mining the striking velocities of bullets.




Although the Aberdeen chronograph has been
improved since it was introduced in early 1918, its
basic design has remained unchanged.

EXTERIOR BALLISTICS

Exterior ballistics — that part of the science
dealing with the behavior of projectiles in flight —
underwent a major revolution during World War 1.
In 1914, when the conflict opened in Europe, the
problems that confronted the exterior ballistician
were for the most part associated with flat-
trajectory firc. Between 1914 and 1918, however,
the tactics of land warfare were radically changed
by the increasing dependence on artillery barrages
in which field pieces were fired at relatively high
elevations over the heads of their own infantry. The
type of fire required by the new tactical doctrine
compelled a general re-evaluation of exterior
ballistics. Some of the older theories and practices
were found to be incorrect when examined in the
light of the new conditions. Others had to be
modified. A projectile continued to be regarded as
a body; the relative motion of its parts could be
ignored. The only resistance factors considered as
affecting a projectile in flight continued to be
gravity and the air resistance; many other basic
premises remained unchanged for use in ballistic
computations. Nevertheless, the complexity of the
new problems created by the general use of
high-angle fire gave enormous impetus to research
in exterior ballistics until World War 11, when the
introduction of new weapons again accentuated the
need for intensive investigations of still greater
scope.

Computation of Trajectories. Before World War 1
trajectories had been computed in all countries by
the methods developed by the Italian ballistician,
Siacci, whose data had come from the Krupp
experiments at Meppen, Germany. The data were
reduced to equations by General Mayevski, of
Russia. Siacci had succeeded in developing tables
which, despite their small size, could be used to
solve the entire ballistic problem of fire from guns
not elevated above 15 degrecs. Within this
elevation limit, the results werc accurate to ranges
up to approximately 24,000 yards. However, the
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demands made on artillery by the general introduc-
tion of barrage fire in World War I created new
ballistic problems which could not be solved by
Siacci's method. The Ingalls ballistic tables (US
Artillery Circular M, revised in 1914), based on the
Siacci system, were no longer usable.

The two new problems introduced into trajec-
tory computation were the result of high-angle fire
and the need for greater accuracy in the computa-
tions themselves. New ballistic tables were required
to take into account the effect of change in air
density with altitude on the flight of projectiles.
The use of the moving barrage and the need for
rapid and effective counterbattery fire required
that artillery fire be directed with greater accuracy
than had ever been contemplated.

A special (and extreme) form of the problem of
high-angle fire was created by the introduction of
aircraft as a military weapon. The antiaircraft
artillery developed to defeat enemy aircraft had to
be able to fire at all elevations up to 80 or 85
degrees. Moreover, the projectiles fired had to be
detonated by time fuzes, which meant that their
position at any moment in their flight had to be
known. Finally, the speed of even the World War 1
aircraft was sufficient so that all adjustments for
firing had to be made in a few seconds. The Siacci
method and the Ingalls ballistic tables could not
meet the new requirements.

The European countries engaged in World War
I had encountered these problems at the beginning
of trench warfare in late 1914 and again when
aircraft were introduced as a major weapon in early
1915. As a result, they promptly developed new
methods for computing projectile trajectories.

.Practically all of these methods were variations of

the French short-arc method, which calculated any
given trajectory as a series of successive arcs rather
than as a continuous line. Computation by the
short-arc method was laborious and time-
consuming, but it made possible corrections for
varying air density and certain other factors
aftecting a projectile’s flight. Although corrections
could be made for wind effects by this method,
such effects were actually treated as differential
variations. For some time the short-arc method was
the only satisfactory means to prepare ballistic and
firing tables required for high-angle fire.
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In 1918 Major Moulton developed a more
flexible and less complicated method for com-
puting ballistic tables. Usually referred to as the
numerical integration system, it was essentially a
valuable simplification of the short-arc method. By
its usc, eighty trajectories were computed before
the end of the war. They included those for the
2.95-inch mountain gun, the 75-mm and 3-inch
antiaircraft guns, the Model 1894 75-mm field gun,
the 4.7-inch gun, the GPF 155-mm gun, the Mark
VI 8-inch howitzer, and the 8-inch and 10-inch
seacoast guns. The results of these computations
were employed in preparing firing tables for these
weapons.

A few years later, Captain A. A. Bennet of the
Ballistics Branch began to compile fundamental
ballistic tables that could be used for all calibers of
artillery weapons. The task was monumental; the
third and final volume of tables was not published
until 1936.

Compilation of Firlng Tables. Information about
projectile trajectories, however accurately com-
puted. had little direct value for the artilleryman in
the ficld. What he needed was a firing table that
showed the range to be expected for each gun and
howitzer when it fired a specific projectile with a
given propelling charge at any selected angle of
elevation. The table also had to indicate the
corrections to be applied for variations in at-
mospheric temperature, air density, wind. angle of

site, weight of projectile. muzzle velocity, and -

compensation for drift, and in some cases. for the
rotation of the earth.

In wartime, firing tables must be prepared and
sent to the field as rapidly as possible because,
without the information, artillery is relatively
useless. Consequently, in World War I much of the
time of the Proof Department., Aberdeen Proving
Ground, was devoted to firing table work.

The greater part of the load was carried by the
Range Firing Section, whose highly trained per-
sonncl worked most competently under the direc-
tion of Major Veblen. The section was divided into
Firing. Obscrvation, Computation, Antiaircrafi.
and Meteorological Units. The lasi of these units
originated from the outgrowth of a metcorological
detachment that was sent to Aberdeen by the
Signal Corps in March 1916 to provide weather

data for the firing tables being prepared. Measure-
ments of wind velocity, air temperature, and air
density were taken several times daily to an average
altitude of 15,000 feet, and some readings were
made to altitudes up to 52,000 feet. This was
pioneering work; much of it was being done for the
first time in this country.

The volume of work accomplished by the Range
Firing Section in the relatively short time between
its establishment and the end of the war was
indicated by its reports on more than 10,000 shots
fired to obtain range data and its compilation of
more than thirty firing tables for United States
Army weapons. In order to get the range data it
needed, this section, with the assisiance of the
United States Coast & Geodetic Survey, erected
sixteen observation towers (only four of which were
used in plotting at any one time), over a distance of
thirty miles along the shore of the Chesapeale Bay.
Observers in these towers were 100 feet above water
level. They spotted the splashes made by projectiles
hitting the water and reported their observations to
both the gun crews and computers by a wireless
system installed by the Signal Corps. Replaced by a
wire telephone system in the latter pari of 1918,
this wireless system was nevertheless the first of its
type to be used for this purpose. A two-way
radio-telephone system is now used in the towers
and patrol boats. The spotting system is still used
for measuring ranges for firing table purposes at
Aberdeen Proving Ground.

To perform the antiaircraft phase of the firing
table work, Licutenant P. L. Alger was transferred
to Aberdeen from Sandy Hook Proving Ground in
May 1918, and Captain F. W. Loomis of the
Ballistics Branch. OCO, who had just returned
from a tour of duty in England. was assigned to
temporary duty with the Range Firing Section,
Aberdeen Proving Ground. Captain Loomis
brought with him a mirror position finder de-
veloped in Great Britain for spotting bursts of
antiaircraft shrapnel. With the help of a well-
organized group of observers and compuiers, the
Range Firing Section prepared four firing tables
for antiaircraft guns; they were the first accurate
tables of this type prepared in the United States.

Although the preparation of firing tables was
routine and generally followed the methods used in
other countries, the contributions of Di. G. A.




Bliss and Dr. T. H. Gronwall were invaluable.
While a member of the Range Firing Section
during the war, Dr. Bliss developed the adjoint
system of differential equations for determining
variations in range resulting from changes in such
conditions as air density and initial velocity. Dr.
Gronwall. who also was a member of the Range
Firing Section, elaborated this method to deter-
mine the effects of such variations on time of flight
and the maximum ordinate and to develop
formulas by which compensations for vertical wind
could be made.

Studies of Projectile Design. Firings conducted to
obtain range data frequently demonstrated that
projectiles had greater or shorter ranges than
expected on the basis of theoretical analysis, or that
their dispersion did not conform to expected
patterns. Several theories were advanced to explain
these phenomena; most of them emphasized either
the shape or stability of the projectile. Factual
confirmation of the theoretical explanations was
needed. Accordingly, the Range Firing Section was
directed to conduct theoretical and experimental
investigations  to supplement the research con-
ducted by the Ballistics Branch, OCO, to deter-
mine the effects of the various forces that act on the
range and accuracy of a projectile.

In the past, in order to increase range and
accuracy, a projectile was fired with a known
powder charge. The range and dispersion were
noted. the projectile’s design modified. and the
procedure repcated. This was time-consuming and
expensive, and the results were frequently incon-
sistent. As an alternative it was argued that, if the
laws governing the resistance of air to a projectile
could be accurately determined, it would be
possible to calculate both range and dispersion
within very narrow limits. For this purpose, a
number of proving ground and wind tunnel
experiments werc required, so a program to
conduct these tests was planned.

Projectile Retardation Studies. Studics made
before 1914 identified the forces that an air stream
of a given density, velocity, and pressure exerts on a
pf'ojectile having a squarc basc and blunt ogival
nose as it is fired through the air. Also, the law of
air resistance. calculated by the French during the
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period 1866-1898, had been found to hold true for
most projectile forms at velocities between 600 and
1,200 fps. This law was used in constructing firing
tables before World War I and, to a considerable
extent, tables prepared during most of that
conflict. However, it proved to be inapplicable
to projectiles having a boattail or a long head fired
at supersonic velocities, which included many of
the newer shot and shell developed for wartime use.
Additional information was needed before accurate
firing tables could be prepared for modern
weapons, and to some extent this information was
provided by studies carried out by the combatant
countries after 1914. Specifically, the greatest
advances were made in evaluating the effects of air
density, air temperature, and projectile velocity on
the resistance a projectile encounters in flight.

After the U.S. entered thc war, the Ballistic
Branch of OCO cooperated with the Range Firing
Section at Aberdeen in working on this general
problem. One of the Branch’s contributions was
the discovery that the law of squares (which states
that a projectile’s retardation in flight as the result
of air resistance is roughly proportional to the
square of its velocity) did not apply to either
transonic or supersonic velocities. At velocities
between 700 and 1,700 fps the Gavré air resistance
increased much more rapidly than the square of the
velocity; at higher velocities, air resistance in-
creased less rapidly than the law of squares had
indicated.

It was also found that atmospheric temperature
affected a projectile’s velocity because it was one of
the factors on which atmospheric density de-
pended, and because the retardation rate varied
with it.

Finally, it was determined theoretically that the
resistance air offered to a projectile was directly
proportional to the air’s density.

Boattail Studies. The practice of boattailing
projectiles, introduced by the French early in
World War I, had already produced noteworthy
results by the time the U.S. entered the war; both
range and accuracy were measurably increased by
slightly streamlining a projectile’s base section.
After Aberdeen Proving Ground was established.
Major Veblen began a sertes of boattailing
experiments, most of which had excclient results.
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The first projectile so modified (in May 1918) had a
greater range than its unmodified counterpart. In
rapid order the Mk 1 4.7-inch HE shell, the Mk II
6-inch HE shell, 155-mm shrapnel, and the Mk I
8-inch HE shell were similarly treated. The results
obtained with boattailed shell on the firing range
were confirmed and in part explained by open-
throat wind-tunnel experiments conducted jointly
by the Ordnance Department and the National
Bureau of Standards at Lynn, Massachusetts. For
this work, Colonel William H. Tschappat, Com-
manding Officer of Aberdeen Proving Ground,
secured the services of Dr. Briggs (later the
Director, National Bureau of Standards), Dr.
Buckingham of the National Bureau of Standards,
Dr. G. F. Hull of Dartmouth University, and Dr.
H. L. Dryden of the National Bureau of Stand-
ards, Director of the National Advisory Committee
for Aeronautics (later a member of the Scientific
Advisory Committee, BRL). To obtain the neces-
sary information, a projectile of given design and
dimensions was placed in air streams of various
velocities, with provisions made for measuring air
resistance. It was found that the forces which
retarded a shell in flight decreased in effect until
the angle of boattailing was in the range of 5 to 9
degrees. No best form for any given type of
projectile could be determined before the war
ended, but the value of boattailing as a design
feature of artillery projectiles was clearly demon-
strated.

Rotating Band Experiments. Another approach to
increasing range and accuracy by changes in
projectile design was made by experimenting with
the form and position of rotating bands. This work
appears to have begun at Sandy Hook Proving
Ground, where Lieutenant Alger, among others,
noted the great dispersion of the Mk II 6-inch HE
shell when fired from the 6-inch seacoast gun.
When measured at Sandy Hook and, later in 1918,
at Aberdeen Proving Ground, dispersion was found
to be as great as 10 percent of the range, rendering
this gun-ammunition combination practically use-
less. Experiments demonstrated that it was not
caused by instability of the gun’s mount, and
additional investigations to account for it were
promptly inttiated.

Projectiles were fired through cardboard
screens to obtain information about their behavior
near the muzzle of the 6-inch gun. The holes the
projectiles made in these screens were ragged and,
on the average, from 6.25 to 6.75 inches in
diameter, considerably larger than the diameter of
the shell. On investigation, it was found that the
copper of the rotating bands had fiowed back 0.5 to
0.75 inch, expanding in the process, and had flared
out under the pressure exerted by the powder
gases as the projectiles left the gun. In some
instances portions of the expanded bands had
broken off. These phenomena were explained when
it was found that the rotating bands of these shell
contained too much copper and had a projection or
lip on their rearward edge. The resulting expansion
of these bands increased the over-all diameter of
the projectiles by approximately 20 percent,
causing a corresponding increase in retardation by
the air and a resulting reduction in range. The
extraordinary dispersion was caused in large part
by the irregularities of the expanded bands.

To eliminate these defects, the lips of the
rotating bands for the Mk 11 6-inch HE shell were
machined off and cannelures were made directly
behind the bands to stop the rearward flow of
copper. Shell fitted with these modified bands,
when fired through cardboard screens. produced
normal holes and had a remarkable increase in
both range and accuracy; range was increased by
about 25 percent and dispersion was reduced by
about 80 percent. As a result, orders were issued
for all lips to be removed from rotating bands for
shell. whether still in this country or already
shipped overseas. Similar experiments conducted
with the shell for six other guns and two howitzers
confirmed the findings made with the 6-inch HE
shell.

On the basis of these experiments with rotating
bands and boattailed projectiles, the Range Firing
Section designed a shell with a boattailed cylin-
drical body and a long false ogive, submitted it to
the Artillery Ammunition Section of the Gun
Division, OCO, and recommended that projectiles
of this design be manufactured in the desired
calibers. Within a few months the Mk VIII 6-inch
HL shell, which closely followed the Range Firing
Scction’s design. was authorized for manufacture.
It proved to be very satisfactory.




Although the experiments with rotating bands
proved to be significant, it was never concluded
that losses in range could be attributed solely to
improper bands. Other possible factors, such as a
projectile’s instability in flight, werc given full
attention at the same time as the work on
boattailing and rotating bands was being
conducted.

Projectile Stability Studies. Early in 1918 Major
Ayer and Lieutenants Kent and Alexander, of the
Artillery Ammunition Section, OCO, designed
conical aluminum windshields to be fitted to
projectiles of several calibers to increase both their
range and accuracy. These windshields were to fit
over the normal ogives to change the form of a
projectile from ogival to conical and give it greater
length. The war ended, before any conclusive
results could be obtained from these experiments,
but the work was continued after Armistice Day,
producing significant progress in the following
decade.

Center of Gravity Experiments. The boattailing
and rotating band experiments had unquestionably
been successful, yet it was impossible to specifically
define how each design change had operated to
increase range and accuracy. Before such questions
could be answered (and answers were necessary
before the experience gained could be reduced to
general principles applicable to projectile design),
additional information was needed. Plans were
made by the Ballistics Branch, OCO. to examine
thoroughly all the factors involved in the design of a
projectile and to determine the extent to which a
projectile’s performance in flight depended on
these factors. Under the direction of Lieutenant
Alexander, a number of different projectiles was
constructed so that each of the major physical
characteristics could be varied at will to determine
its relative effect on overall performance. The basic
projectile consisted of four parts: cylindrical bodies
of different lengths; conical and ogival heads of
different lengths; bases of different shapes; and
cylinders of different lengths that could be screwed
into the threaded interior of the body to change the
center of gravity. To determine the effects of pitch
of rifling on projectile behavior, the 3.3-inch guns
in which these projectiles were to be test-fired were
rifled at three different pitches. Here again the war
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ended before any real progress was made in the
investigations. However, the work was continued
after Armistice Day, with good results.

INTERIOR BALLISTICS

Interior ballistics — that part of science dealing
with the behavior of projectiles from the moment
their propelling charges are ignited to the time they
leave the muzzle of the cannon — underwent no
expansion in World War 1 comparable to the
developments in exterior ballistics. Practically all
of the computations made in interior ballistics
throughout the war were based on the equations of
Captain Le Duc, of the French Army, and the
studies carried out in this country were restricted
for the most part to obtaining data on propellants
needed for immediate solutions to specific prob-
lems. No major program of far-reaching influence
was initiated. This lack of attention to interior
ballistics was largely due to the fact that few new
guns were designed during the war. Guns that were
developed had no radically new design features —
they were merely more powerful than the guns they
replaced. For this reason, the work done at
Aberdeen Proving Ground in interior ballistics was
mostly of a routine character, following generally
the program that had been in effect for some time
before the U.S. entered the war.

Tests were conducted to determine the max-
imum muzzle velocities and chamber pressures
allowablc for specific guns firing different pro-
jectiles. Experiments were run to determine the
cffect of powder temperatures on muzzle velocity,
with particular attention paid to confirming the
data already at hand.

RELATIONS WITH AMERICAN AND
FOREIGN BALLISTIC AGENCIES

Throughout the war the Allied agencies
engaged directly or indirectly in ballistic research
recognized the need for full cooperation so that the
findings of each might be at the disposition of all.
The Proof Department of Aberdeen Proving
Ground played its full part in such enterprises. In
particular, it maintained constant liaison with the
Field Artillery and the Coast Artillery, the uscrs of
the firing tables prepared alt Aberdeen. Close
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relations on more theoretical problems were
maintained with both the National Bureau of
Standards and the National Research Council, as
well as with the Naval agencies engaged in ballisiic
work.

Much valuable assistance was received from the
French and the British War Missions, which gave
Aberdeen information about new ballistic theories,
French and British weapons and ammunition, and
enemy ordnance. In rcturn, the results of the
experiments with boattailing and rotating bands
were promptly transmitted to both Allies, along
with copies of papers on ballistic subjects prepared
in this country.

In October 1918, Major Veblen and Lieutenant
Kent were sent to Europe to study the research and
development work carried on by the British,
French, and Italian ballisticians. Their compre-

&>

hensive report could not be published before the
end of the war, but it was made available to
research groups in this country as soon as possible
and proved to be of great assistance in the 1920’s.
Dr. Veblen's recommendations for the guidance of
ballistic research and development agencies in
peacetime were of particular significance. He
proposed that major emphasis be placed on the
design of guns and projectiles to increase their
effectiveness, that the advances made in exterior
ballistics during World War I be carefully studied
and systematically described, that additional
ballistic tables be compiled, and that a program be
set up to revise the methods and procedures vsed in
interior ballistics. It is interesting to note (and this
will be shown in the next two chapters), that these
recommendations were followed quite closely in the
years after World War 1, with good resulis.




THE ROLE OF THE OFFICE, CHIEF OF
ORDNANCE, IN THE PROMOTION OF
BALLISTIC RESEARCH

Early in 1919 Major General Clarence C.
Williams, Chief of Ordnance, reorganized his
Office to meet the new requirements of peacetime
operations, giving it a pattern which remained
essentially unchanged until after World War II had
broken out in Europe. Under his plan the Office,
Chief of Ordnance, was organized in four major
parts: the General Office, the Manufacturing
Service (renamed the Industrial Service in 1939),
the Field Service, and the Technical Staft.

All administrative and general supervisory
responsibility was vested in the General Office, and
operating responsibilities were divided between the
Manufacturing and Field Services. The Manu-
facturing Service designed, developed, produced or
procured, and inspected all new Ordnance
materiel; administered the arsenals, acceptance
testing at Aberdeen Proving Ground; and. after
they were re-established in 1922, administered the
Ordnance District offices. The Field Service had
charge of all storage depots, maintenance and
inspection of Ordnance equipment issued to
troops, and all salvage operations.

The Technical Staff was made up of officers
and civilians, each a specialist in some field of
Ordnance design or manufacture, such as artillery
weapons, small arms, tank and automotive equip-
ment, and aircraft ordnance. This group directed
Ordnance research in ballistics, the preparation of
firing tables, and tests of experimental materiel;
kept informed of the trends and progress of
ordnance development here and abroad; acted as a
clearinghouse for technical information; and built
a technical library for OCO. The actual design of
Ordnance items was left to the engineers of the
Manufacturing Service, but the Technical Staff
was authorized to recommend research projects
and to approve or reject engineers' proposals for
development projects. To more effectively direct
the testing of experimental materiel. the Technical
Staff was given technical and administrative
control over Aberdeen Proving Ground.

General Williams also created an Ordnance
Committee to advise the Chict of the Technical
Staff and perform certain other important func-

the period from 1914 to 1940
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tions. This committee consisted of representatives
of the using Arms and Services as well as of the
Ordnance Department. Its primary purpose was to
enable the Army as a whole to exercise appropriate
influence on the design and development of
Ordnance materiel. The Ordnance Committee was
expected to assemble all the information necessary
to establish the military characteristics desired in
Ordnance items to be developed; to recommend
preliminary design studies of such items; to plan
and conduct the necessary service tests of newly-
developed items; and to report the results of such
tests. The Committee was also to recommend the
standardization of Ordnance items. The com-
mittec’s recommendations were almost always
accepted by the General Staff and the Secretary of
War. Finally, the Ordnance Committee compiled
the Ordnance Department’s Book of Standards,
which listed, model by model, the items of
Ordnance materiel that had been classified and
issued to troops.

The organization thus given the Office, Chief of
Ordnance, by General Williams remained in effect
with only minor changes until July 1941, when the
Technical Staff was abolished and its functions
given to the Assistant Chief of the Industrial
Service for Engineering.

As has been stated, from 1919 to 1940
Aberdeen Proving Ground was under the direction
of the Chief of the Technical Staff. When the
Research Division of the Proving Ground was
organized in 1935, it was automatically under the
Technical Staff’s control. And, when the Research
Division became the Ballistic Research Laboratory
in 1938. the relationship with the Technical Staff
was continued unchanged.

Apart from the expected cutback of funds at
the end of the war in Europe, it was anticipated
that the Ordnance Department’s peacetime budget
would be sufficient to maintain the necessary
rescarch and development activities, such as Major
Veblen's report had recommended for ballistics.
However, by 1921 the postwar business recession
had gone so far that the Government as a whole
adopted a policy of strict economy. By fiscal year
1923 the Ordnance Department's budget had
tallen to $6,100,000, and it declined still further
during the next five vears, until it failed to attain
even its prewar size. In fiscal year 1928, the 1923
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