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NOTES ON THE ORGANIZATION OF NDRC

The duties of the National Deferse Rescarch Commitiee were In a1corganization in the fall of 1942, tweaty-threc adminis-
(1) 1o recommend to the Director of OSRD ruitable projects  trative divisions panels, or committees were created, cach with
and research programs on (he instrumentalities of warfare, to-  a ¢hief selectad on the basis of his outstanding work in the par-
gether with contract facilitles for carrying out these projectsand  ticular field. The NDRC members theu became a reviewing and
programs, and (2) to adsinister the technical and scientific  advisory group to the Divector of OSRD. The final organization
work of the contiacrs. Morc specifically, NDRC functioned by was as follows:

initiating rescarch projects on requests from the Army or the Division 1-Ballistic Research

Navy, or on requests from an allicd government transmitted Division 2—Effects of Ywpact and Explosion
through the Liaison Office of OSRD, or on its own consldercd Division 3—Rocket Ordnance

taitiative av a rewlt of the experience of ity members. Proposals rivision {~Ordnance Accerories

prepared by the Division, Panel, or Commition for rescarch con- Divislon 5—New Missiies

tracts for perfermance of the work involved in such projects Division G6—Sub-Surfuce Warfare

were first reviewed by NDRC, aod if approved, recommended Division 7—Fire Control

to the Director of OSRD. Upon approval of a proposal by the Division 8~Explosives

Direcior, 2 contract permitting maximum Gexibility of scien- Divisicn f--Chemistry

tific cffort was armanged, The business 2spects of the onntract, Division 10-—-Alsorbents and Aerosols

including such maders as matcrials, dearanoes, vouitiers, pat.
ents, priocives, legal matters, and administration of patent mat.

ters were hantled by the Execiuve Secretary of OSRD.

Originally NDRC astministered its work through five divi-
sicm, each headed by one of the NDRC members. These vere:

Dividon A~ Arnor and Ordnance

Yivision B-Bomb, Fuels, Gases, & Chemical Froblems
Diviion C~Communication and "Framsportation
Pivision D=Detection, Controls, and Instruments

Division E~Patents 2ind Inventions

Division 11~Chemical Engincering
Division 12~Trazsporiation

Division 13-Elecirical Communication
Division 14—Radar

Division 15—Radie Coordination
Division 16—-Optics and Camouflage
Division 17—-Physics

Division 18-War Mctallurgy

Division 19—Miscellancous

Applied Mathematics Panel

Applied Psychology Panel

Committee on Propagation

Tropicil Deterioration Administrative Committee
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NDRC FOREWORD

s EvED s of the years preceding 1940 vevealed more
[@szd‘ more clearly the seriousness of the world
situation, many scientists in this country came to
rcalize the need of erganizing scientific research for
service in a naticnal emergency. Recommendations
which they made to the White House were given
careful and sympathetic attention, and as a result
the National Defense Research Committee [NDRC)
was formed by Exccutive Order of the President in
the suinmer of 1940, The members of NDRG, ap-
peinted by the President, were instructed to sup-
plement the work of the Army and the Navy in the
development of the instrumemalities of war, A year
later, upon the cstablishment of the Cffice of Scien-
tific Research and Development [OSRD], NDRC
became one of its units.

"The Summary Technicai Report of NDRC is a
conscientious effort on the part of NDRC to sum-
marize and cvaluate its work and to present it in a
useful and permanent ferm. It comprises some
seventy volumes broken into groups corresponding
to the NDRC Divisions, Panels, and Committees.

The Summary Technical Report of cach Division,
Panel, or Committee is an integral survey of the work
of that group. The first volume of each group's report
contains a summary of the report, stating the prob-
lems presented and the philosophy of attacking
them, and summarizing the results of the research,
development, and training activitics undertaken,
Some volumes may be “state of the art” treztises
covenng subjects to which varicus rescarch groups
have contributed information. Others may contain
descriptions of devices deveioped in the laboratories,
A master index of all these divisional, panel, and
committee reports which together constitute the
Summary T¢ * ical Report of NDRC is contained
in a separate volume, which also includes the index
of a microfilm record of pertinent technical labma.
tory reports and reference materiil.

Some of the NDRCsponsored researches which
had been declassified by the end of 1945 were of suf-
ficient popular interest that it was found desirable
to report them in the form of monographs, such as
thie series on radar by Division 14 and the monograph
oa sampling inspection by the Applied Mathematics
Pancl. Since the material treated in themn is not
duplica*ed in the Summary Techrical Report of

NDRG, the monographs are an important part of
the story of these aspects of NDRC research.

In contrast to the information on radar, which is
ot widespread incerest and much of which is released
to the public, the rescarch on subsurface warfare is
largely classified and ic of general interest to a more
restricted group. As a consequence, the report of
Division 6 is found almost entirely in its Summary
Technical Report, which runs to over twenty
volumes. The extent of the work of a Division can-
not thercfore be judged solely by the number of
volumes devoted to it in the Summary Technical
Report of NDRC; accoant must be taken of the
monographs and available reports published else-
where,

The field of wartime vesearch of Division 18 was
metailurgy. The objective of the Division, under
ihe leadership of Clyde Williams was to aid in im-
proving metallurgical processes and metollic mate-
rials of war and in promoting the conservation of
scarce and strategic materials.

The Division was unique among the NDRC
groups in that it carried out its technical functions
through the War Metallurgy Committee, a coordi-
nating unit of thirty outstanding metallurgists and
engineers created by the National Academy of
Sciences and the National Research Council.

The meiallurgical research program was not con-
cerned with the development of any specific military
equipment or finished product, but rather with mate-
rials and processes. Yet, though the program had no
startling device te advertise it, its results were liter-
ally built into plancs and rockets, ships and guns and
tanks.

The Division's Summary Technical Report has
been prepared under the direction of, and has been
authorized for publication by, the Bivision Chiel.
To him, to the divisional staff, to the members and
staff of the War Metallurgy Commaittee, and to
workers in the many contracting laboratories go our
appreciation and thanks.

VANNEVAR Busw, Director
Office of Scientific Research and Developnent

J. B. Conant, Chairman
National Defense Rescarch Gommitiee
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FOREWORD

HE FOLLOWING s ary technical report of the
Twork of the War Metallurgy Division (Division
i8) of the National Defense Rescarch Committee
[NDRC] gives a complete picture of the aims and
accomplishments of the Division's researca program
deseribed in such detail as seems adequate, To this
presentation the Divisien Chief bas nothing to add
by wav of technical comment or emphasis.

I do wish, however, to make acknoewledgment to
the editor, David €. Minton, Jr., for his painstaking
work in asembling, or himsclf writing, he several
sections of the report and in editing and coordinat-
ing the entire report. He already has made acknawl-
edgmenis in his preface to thase who prepared the
originai manuscripts for the several sections and
who otherwise assisted in the work, In all these
acknowledgments I wish to join,

After the specific acknowledginents in this report
have been made, there stll remains 2 very great
indebtedness on the part of the War Mealiurgy Divi-
sion o many other agencics, osganizations, and in-
dividuals,

The work of Division I8 was to undertake re
scarch to improve metallurgical processes, to improve
metallic materials of construction, and to promote
conservation and substitution of scarce or strategic
metallic materials, all as applied to the production
of instrumentalitics of war. Recognition of the de
sirability of the coordination of defense and war
research in metallurgy with industry and with re-
scarch agencies and technical socicties prompted the
Ofice of Scientific Research and  Development
[OSRD] and NDBRC in 1941 to enlist the assistance
of the National Acwiomy of Sciences and the Na-
tional Research Council as channels 1 cough which
NDRC metailurgical reseavch might be acvom.
plished.

The Division's thanks are tendered w USRD and
NDRC for providing and supporting this channel
of opciation and o the National Academy of
Sciences and the National Research Council for
arganizing and operating within their framework
the War Mectallurgy Committez to make effective
the desired cooperative cffort in mewallurgical re-
search. This cooperative efiort was made possible by
the members of the War Metallurgy Commiiiee and
wvera!l hundred industzial and university wmetal-
lurgists, engincers, and rescarch workers who servea
o the variows project advisory commiittees, their

time and technical advice being contributed by their
cmployers without charge.

In addition to contributing advice, industry gave
withour restrictions its accumulated knowledge, re-
sults of research, and helpful comments and criticiem.
This invaluable information was used by the War
Metallurgy Committee in appraising problems and
in planning and directing the research projects of
the Division's program. The members of the War
Metallurgy Committee and of the many project ad-
visory committees, who together represented all
phases of the metallurgical industry, were kept in-
formed of the progress of the investigations so that
the results could be utilized immediutely in their
research work and in war production. This free inter-
change of information and ideas was particularly
desirable in the work of the War Metallurgy Com-
mittee because its greatest value lay in obtaining and
disseminating industrial “know-how" so that in-
strumentalities of wai could be made froni materials
available, oftenr using substitute materials which
required special methods of processing, This is in
contrast with wnuch of the other work of NDRC
which was concerned with the development of spe-
cific miiitary devices oz finished products. Thus, the
Division was able to provide information not only
for the use of the Armed Services and their contrac-
tors, but also for the use of other Divisions of NDRC.,

The accomplishments of the Division, which were
made possibie by the activities of the War Metal-
furgy Committee, provide an outstanding example
of the resalts of cooperation between industry and
governmental agencies in time of emergency. Thus,
the Division’s activities throughomt were truly co-
operative and coordinating. The Division is fully as
proud of its accomplishments in these aspects of its
work as in any technical accoruplishments, and by
the same token it is sincerely grateful to all who
helped in this cooperation.

The Division is indebted and grateful also to the
Anned Services, not simply for the formally desig-
nated liaison, but for the sincere and active interest
and participation in the Division's program by all
cchelons of the Services' rescarch and development
organizations.

CrLYpE WiLLiAMs
Chiel, Division 18
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PREFACE

His REPOKT summuarizes the metallnrgy woik on
Tinstrumcmalizics of warfare carried out under the
direction of the War Metallurgy Division (Division
18) of the National Defense Research Committee
[NDRC]. '

The first purpose of this report is to serve as a guide
to help the future student of the original reports 1o
select those dealing with the subject in which he is
interested. Often a number of projects relate to the
sime general topic.

Asecond ebject is to give a broad view of the results
obtained and of their engineering meaning, which
may someiimes in iisell be sutficient for the reader’s
purpose, but more often may guide him to the par.
ticular report that he will want to consult for details.

In this connection, an attempe¢ has been made to
phrase the report ¢ that the meaning of the results
will be dear to a reader with general engineering
background, even though he is not a metallurgical
expert. However, some of the projects are so tech-
nical and specialized that a reader must be something
of an expert in the particular field to grasp even a
not-too-technical report. Reports on such topics prob-
ably will be referred to only by experts, so it has not
been considered necessary to define technical terms
or to discuss the elementary fundamentals involved.

The projects discussed in this report were given a
place on the war research program because experts
helieved that information on them could be used to
{urther the war effort, They were carried only as far
as it appeared that the information would be uscful
in World War II, although their further pro.ccution
in more leisurely fashion might be of value in com-
mercial problems or as a measure of preparedness
against a future war.

However, there are some projects in which matters
were brought to such a stage that continuztion and
expansion of the research programs obviously should
go on without interruption after demobilization of
NDRC. In these cases, further work by or for the
Armed Services usnally has heen arranged, and, since
the situation is continually changing, it appcars un-
desirable to go into detail velative to such projects in
this report.

An appraisal of the direct and indirect influence of
the work in some quantitative terms would be inter-
esting, bui the present writers, unable to make siuch
an appraisal, have not attempted it. Such an ap-
praisal could be made only by the Armed Services. It

would be a very difficult task, since many tributaries
fed the main stream of advancing knowledge of the
procuction and the processing of metals wnd alloys.
Service and civilian engmeering and research, the
civilian work directly sponsored by the Armed
Services, work of the other NDRC divisions and ol
the War Production Board [WPbB], as well as studics
carried on under still other auspices all blended to-
gether; and it wouldd be vivtually impossible 1o
determine which drop of water in the main stream
came from which tributary, That there already was
considerable water in the stream is indicated by the
fact that the bibliography? cn armor, armor-picercing
projectiles, and the welding of armor prepared by
Watertown Arsenal contained 1,197 entries on
armor, 457 on armor-piercing projectiles, and 121 on
welding. Tais bibliography covered work only
through 1942,

In accordance with the instructions issued for the
preparation of this report, no attempt has been made
to allocate credit to the individuals who contributed
to the work done. Rosters of the supervisory and ad-
visory persannel appear in the back of the volume,
Althengh the institutions where the research was
carried out are mentioned in the text of this - cporn
the bibliography must be consulted for the i es ol
the authors of the reports who were, in most instan
the principal investigators, The names of those who
supervised the work in bebalf of the government and
those who served on the many project advisory com-
mittees are given in the distribution lists cf the
various reports cited in the bibliography of this
report.

This summary technical report is based in part
on an editorial summary of most of the repotts of
Division 18 that was written by Dr. H. W, Gilieut,
a member of Division 18 and of the War Metallugy
Commiittee. Indeed, much of Dr. Gillett's sumimary
has been incorporated verbavim into this summary
technical report by these who prepared the several
chapteis. Chapter 2, “Armor,” was prepared by
Dr. C. H. Lorig of Battelle Memorial Institute and
Supervisor of Atmor Metallurgy Research, War Met-
allurgy Committee. Most of Chapter 3, “Guns and
Gun Steels,” was prepared by Dr, Cyril Wells, an in-
vestigator on the NDRCgunssteel projects at Carnegic
Institvte of Technology, The armor and ordnance
section of Chapter 6, “"Welding,” was prepared by
Dr. A, Muller; the secuon on ship welding and

CONFIDENTIAL ix
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welded steel ships of the samie chapter was prepared
by Dr. Finn Jonassen. Boti of these men are Assistant
Supervisors of Welding Research, War Metallurgy
Committee. Chapter 5, “Metals for High ‘Tempera-
ture Research,” was prepared by Mr, Howard C.
Crass of Battelle Memorial Institute and Supervisor
of High Temperature Metals Research, War Mesal-
lurgy Commiuee. Chapter 1, "Aircraft Materials™;
Chaper 4, "Ammunition”: Chapter 7, “Foundry
Matcrials and Processes”; Chapter 8, “"Encmy Maté-
riel”; and Chapter 9, “Miscellancons Materials for
Way,” were prepared by Mr. David C. Minton, J+,
Senior Technical Aide, Division 18, and Research
Supervisor, War Metallury Committee, The Sum-
mary was prepared by Mr. V. H. Schnee of Bautelle
Mecemaorial Institute and Chairman, Products Re-
scarch Division, War Metallurgy Committee, under

whose charge the technical administration of the
work of Division I8 was conducted.

In addition to those named above, the editor
acknowledges with thanks the assistance of Mr. Louis
Jordan, Technical Aide to the Chief, Division 18,
and Executive Secretary, War Metallurgy Com-
mittee; and Mrs, 8. L. Kruegel, Technical Aide of
Division 18 as well as of the War Metallurgy Com-
mittee,

In the editing and compiling of this report, con-
siderable license was taken with the material pre-
pared by those named above in order to make the
report as uniform as possible.

Davio C. MivroNn, Jr.
Editor
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INTRODUCTION

ORGANIZATION OF DIVISION 18

HE PéRSONNEL of the War Metallurgy Divisiont

(Division 18) comprised a chicf, three technicel
aides, and four members. These are listed on page
153 of this report.

Divisiun 18 carried on its functions through tae
War Mctallurgy Committee of the National Acud-
emy of Sciences and National Research Council,
which wae an outgrowth of earlier committees of the
National Academy of Sciences and National Re-
search Council.

The War Metalluygy Committee assumed the con-
tinuing functions of several smaller advisory com-
mittees; namely, the Technolegic Commirtee on
Manganese, which was appointed by the Mational
Academy of Sciences in July 1940 at the request of
the Advisory Commission to the Council for Na-
tional Defense (later succeeded by the Office of Pro-
duction Management which in turn was succeeded
by the War Production Board); the Advisory Com-
mittee on Tin Reclamation, which was appointed
in Septeisber 1940 at the request of the Advisory
Commission; the Advisory Committee on Metais and
Mincrals, which was formed in January 1941 at the
request of the Office of Production Management;
and the Metaslturgical Advisory Committee and the
Welding Advisory Committee, which were formed
as a result of a request of the Office of Scientific Re-
scarch and Development in July 1941,

It soon became apparent that the last two com-
mittees cculd be combined to advantage, since many
of the technical problems involved in the develop-
ment of new weapons involved not only metallur-
gical improvements but also definite advances in
welding techniques and materials, The Metallur-
gical Advisory Committee which began to function
in October 1941 undertook to develep the necessary
welding research programs as well as a metallurgical
rescarch program. In March 1942, the Metallurgical
Advisory Committee was asked by the War Produc-
tion Board to organize and supervise rescarch in the
ficld of production of metals and minerals. In May
1942, it began the organization of a comprehensive
research program financed largely by the War Pro-
duction Board!

In order to operate these various activities cffi-
ciently, in May 1942 the War Metallurgy Commitice
was organized. The relationship between the War
Mctallevgy Committee ana the vavious government
agencies which it served is shown diagrammatically
on page 154,

The committee proper was made up of 30 of the
nation's outstanding scientists, mctallurgists, and
engineers including 26 civilians, 3 Army officers, and
1 Navy officer. The committce laid down broad prin-
ciples and acted as an overall advisory committee.
Although it met in a body only once each yeur,
smaller groups of the members met from time to
time to discuss specific problems in their fields and
many decisions were arrived 2t through balleting by
mail, A listing of the members of the War Metallurgy
Committee is given on page 155.

The administration of the committee was under
a chairman who was responsible for overall opera-
tion-, a vice-chairman who was responsible for ad-
visory reporis and technical surveys, ard an executive
secretary who was responsible for administrative
matters.

The activities of the committee were carried on
by four major divisions, each of which was in charge
of a chairman whose duties were similar to those of
a section chief in the usual NDRC division:

1. The Advisory Division, which prepared reports
for, and at the request of, the War Productior Boara
primarily, but also other government agencies and
the Army and Navy.

2. The Processes Research Division, which was
responsible for the organization and supervision «f
research projects, largely for the War Production
Board, dealing with the development of new or im-
proved processes for the production of metallic or
mineral products and for the conservation and sub-
stitution of materials.

3. The Product: Research Division, which was
responsible for the organization and supervision of
projects dealing with development or application
of new or improved products and fabrication proc-
esses for insirumentalities of warfare. Maost of these
projects were conducted for the National Defensc
Research Committee [NDRCj or the Office of Scien-
tific Research and Development [OSRD].

CONFIDENTIAL !
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2 INTRODUCTION

4. The Research Information Division, which had
charge of the collection and dissemination of classi-
fied or unpublished information in the field of metals
and minerals as a service o the vesearch divisions
and to the contractors under their supervision.

In the work of the Advisory Division, emphieis
was placed on bringing to bear on every question o1
probicm submitted by government agencies the best
salent and all of the scientific and practical ininrma.
tiom available 1o the committee through the large
number of specialists serving on its subcommittess,
The work of the Advisory Division was performed
by the Advisory Committee on Metals and Minerals,
one of the forerunners of ithe War Metallurgy Com-
mittee, This Advisory Committee was comprised of
70 specialisty who were seiected hecause of their abili-
ties, not their positions. "Yhe basis for the selection of
this commiitee, 35 with subsequent conmitiees, was
cxperience, judgment, and leadership in the particu-
far field of activity. The Advisory Committee on
Mewals and Mineraly comprised live groups:

1. Metals conservation and substitution group.

2. Ferrous ninerals and ferro-alloys group.

3. Tin smelting and reclamation group.

1. Nonmetallic mincrals group.

5. Alumina group.

The Advisory Division and its predecessars have
prepared a total of 200 reports wuching on the fickds
of pracdcally all the importast metals end involving
studies of new methods of production, recommenda-
tions for the sabstitution of one metal for another
and of other materials for metals, and suggestions
as to how warce metals conld be conserved. Most of
these seports were prepared at the reguest of the
War Prodluction Board, although some weve pie-
pared at the vequest of variows branches of the
Armed Services, NDRC, the Dedense Flant Gor-
poration, and the National Advisery Comimiztee for
Acronautics [NACA]. Many included confidential
company information which was made available to
ihe committee by industry for the use of the various
governmem agencices in iaking decisions concerning
war production.

In the work of the research divisions, emphasis
was placed on clasc supervisien of cach project by a
competent research director who was provided with
the constant advice of comimittees of experts in the
particulas field concerned. In carrying out the re-
search program, 32 vewearch supervisors were om-
ployed. Each of these supervisors ad charge of one

or more projects in his field aind visited them from
tlime to time to consult with and advise the inves-
tigator 6n his research program. The research super-
visor also coordinaied the work of the velated proj-
ects in his field and consulted with representatives
of the government agencies interested in the work,
The duties of a research supervisor of the War
Metallurgy Committee were similar to those of a
technical aide in the usual NDRC divisional or-
ganization. Each projecr or group of related projects
had a project committee which assisted the super-
visor in outlining his program and establishing tech-
nical policy. These comniittecs consisted of experts in
the particular fieids concerned as well as liaison rep-
resentatives of the govermaent agencies interested in
the problem under study. In this manner, advice
from those experienced in the field as well as from
those who needed the information was avaiiable to
the supervisor and through him to the project inves-
tigator. Meetings of the project committees were held
at frequent intervals to review ihe results of the work
done when phases of the program were compieted
or when recommendations as to the contizuation of
the project or changes in the program were necessary.

Each research supervisor and his project commit-
tees were kept informed of the progress of the work
on each project under his supervision through in-
formai monthly reports and formal progress reports
prepared by the investigator on cach project.

The Office of the Executive Secretary of the War
Mectallurgy Committee not only handled the collec-
tion, duplication, and distribution of reports, but
also served as a Beadguanrters for the committee staff
and vecords, maintained liaison with government
agencies and the Armed Services, and performed
numerous wdministrative functions. Among these
were processing deferments for the contractons” per-
sonnel; obtaining the necessary priorities for the
purchase of rescarch supplies and equipment; ar-
ranging for the security clearances of staff and con-
tractess’ personnel; arranging for clearances for the
staff members and contractors’ personnel 1o visit
goverament laboratories, arsenals, proving yrounds,
etc., as well as other laboratories under government
contracts; and kecping the staff and contvactors ad-
vised of new regulations affecting their activitics.

The Research Tnformation Division collected in-
formation from domestic and allicd government
sources, classified it, and distributed it 1o the various
supervisors and investigatons concerned so that they
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could benefit by the cfforts of cther investigators
working in their fields. This infermation included
aot only that of our government and allied govern-
ment faboratories but also available information
concerning the aciivities of the enemy in the ficld of
metallurgy. The Research Information Division also
maintained a staff of libravians who abstiacted and
indexed the research reports issued so that the infor-
mation was correlated and made more readily usable
by the government agencies, Armed Services, and
their contractors engaged in war production.®?

A roster of the staff of the War Metallurgy Com-
mittee is given on pages 156-157.

SOURCES OF RESEARCH PROBLEMS

The research problems upon which the War Met-
allurgy Committee program was based emanated
from several sources. These are shown diagram-
matically on page 154. Manv projects were under-
taken as the result of recommendations made by
civilian ad hoc committees anpointed by NDRC or
the War Metallurgy Committee. Some projecis were
undertaken because the members or staff of the War
Metallurgy Committee were familiar with problems
of industry; others were studied at the request of the
War Production Board. To avoid overlooking such
problems vital to the war effort, the War Mctallurgy
Committee employed recognized experts to make
surveyvs of the available information in their fields
so that the gaps or research needs could he ascer-
tained and vesearch speedily initiated.

Naturally, these gaps were in widely varied fields,
the only necessary feature of similarity being that
the problems all coacerned snctallurgy or metal-
lurgical engineering in the war effort. In rare cascs,
projects were undertaken that, on the basis of avail-
able information, had but a slight chance of success.
"This was because the possibilities had not been ex-
hausted and even a slight chance of success was worth
taking. These were, in the main, unsuccessiul and
were terminated as soon as convincing evidence had
been accnmulated that, with present-day kncwledge
and facilitics, hope of securing information in time
for application in World War I) was still vanishingly
small, Many of the projects w:re on topics already
unaer investigation by the Arwed Services or already
in the minds of their represeriatives as deserving of
study when opportunity and funds permitted. When
the Armed Services were unable to continue their

work, a program was planned cither to carry it on
from whatevey point the Services had veached or to
dovetail it into their continuing work. These studies
were requested of NDRC through the War Depart-
ment Liaison Officer for NDRC, Headquarters, Army
Service Forces, or the Joordinator of Research and
Development (later the Office of Research and In-
vention) of the Exccutive Office of the Secretary of
the MNavy. A listing of the Army and Navy projects
assigned to Division 18 with the Divisior: 18 projects
pertaining to cach is given in Appendix E.

Almost all the projects established on problems
relating to instrumentalities of war and originating
outside of the Armed Services were subsequently
adopted by the interested branches of the Services
and appropriate liaison established so that they
coiild be conducted with maximum benefit 1o the
Services.

ESTABLISHMENT OF RESEARCH
PROJECTS

After appraisal of a problem, a research program
was formulated, and a contractor selected whose
facilities, personnel, and experience might best be
utilized to attack the problem and to conduct the
program speedily and efficiently. Proposals for the
financing of these projects were veviewed and ap-
proved by the merabers of Division 18 prior to
presentation to NDRC. As the War Metallurgy Com-
mittee also supervised rescarch on production, con-
servation and substitution, and process metallorgy
problems for the War Production Board, proposals
for financing research on such problems were sub-
mitted to the Office of Production Rescarch and 12e-
velopment [OPRD] of the WPH. (See page 154.)

The types of projects established included research
projects, correlation projects, and survey projects.
The research projects involved laboratovy investiga-
tions and were financed by OSRD) or OPRD under
contracts between those agencies and the research
laboratorics. Correlation projects were investigations
which were financed by industrial concerns but car-
ried out under the general supervision of the War
Metaliurgy Commuttee, the results of the investiga-
tions being submitied Ly the War Mctallurgy Com-
mittec to NDRC and distributed 10 the Arm-d
Services and their contractors in the form of NDRC
reports. Survey projects were field investigations car-
ricd out by cngincers or committees desigrnated by
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4 INTRODUCTION

the War Mcetatlurgy Commitiee to collect and cor-
reliate the available information on a given sabject
so that the research needs could be determined. In
many cases the information made available by indus-
try was sufficient for government purposes and obvi-
ated the necessity for establishing research projects.

All contructual and fiscal relationships with the
OSRD contractors under the jurisdiction of Division
18 were the responsibility of and were conducted by
the Division staff even though wechnical supervision
and administrative dutics weie cnvied cae by the
War Metallurgy Commiuee.

THE RESEARCH PROGRAM
OF DIVISION 18

The reseavch program of Division 18 included the
stutly of metallurgical problems involved in the pro-
duction of materials and instrumentalities of war.
The specific obicctives of the work were to improve
the qualities and properties of metals and alloys
used inwilitary vehicles, equipment, weapons, and
ammunition; to improve the methods of producing
and fabricating such metals and products; and to
increase the praduction of such  mitisary produocts
by the development of substitute materials having
acceptable propertics, Unlike most of the other
NDRC divisions, Division 18 was never concerned
with the development of a specific military device
or of a finished prodisct. The Division 18 work itsclf
comprised fundamental vesearch complemented by
applicd research designed o vediee the tecanical
findings to the practical production of military goods
by inddustry.

The technical program of Division 18 as carried
out under the supervision of the War Metallurgy
Committee embraced 91 contract vesearch projecss,
1 correlation projects inanced by industry, and 21
survey projects, or a wotal of 123 investigations on a
wice variety of subjecis. A listing of the Division 18

contract and correlztion projects is given on pages
162-165. "This listing also gives the contractual
information for cach contract, the pame, address,
amdl technical representative of cach contractor, and
the title of each project. A listing of the War Metal-
lurgy Committee survey projects carried out for
NDRC is given on page 166.

For convenience, the Division 18 progeam has been
subdivided by materials or processes in this sum-
mary technical report in the same manner as in the
semiannual Division 18 memoranda reports to the
Office of the Chairman, NDRC. These broad sub-
divisions, which are aiso chapters of this report, are
s follows:

Chapter 1. Aireraft Materials.

Chapter 2. Armor.

Chapter 3. Guns and Gun Steels.

Chapter 4. Ammunition.

Chapter 5. Metals for High-T _mperature Service.
Chapter 6. Welding.

Chapter 7. Foundry Materials and Processes.
Chapter 8. Enemy Matéricl.

Chapter 9. Miscellancous Materials for War.

The attention of the reader is called to a compre-
hensive index® of ail the 661 Division 18 reports.
As stated before, the War Metallurgy Committee
also supervised research on production, conservation
and substitution, and process metallurgy problems
for the Office of Production Rescarch and Deselop-
ment. 'These projects are not discussed in this report,
but, in many instances, particularly in investigations
oy aircraft materials and welding, tiie CPRD work
complements that of NDRC. An index? of the 163
research reports and 200 advisory reports submitted
by the War Metallurgy Committee to OPRD is given
in the bibliography and will assist in giving the
rcader a better understanding of the overall picture
of the metallurgical rescarch carried out by NDRC
and OPRD during World War 1L
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SUMMARY

AcH OF THE nine parts of the Division 18 rescarch
E program consisted of a group of related projects
concerned with metallurgical problems pertinent to
the production of materials for instrumentalities of
war. The program comprised fundamental rescarch
complemented by applied research to reduce the
technical findings to the practical production of war
matériel by industry. The specific objectives of the
work were to impiove the qualities and propertics of
metals used in military products, to improve the
methods of producing and fabricating suck metals
and products, and to increase the production of such
military products by the development of substitute
materials having acceptable propertics. A brief
résumé of the accomplishments of each of the rine
parts of the Division 18 research program is given
in the following summary, and more detailed treat-
ment is given in the body of this report.

AIRCRAFT MATERIALS

This part of the research program was concerned
primarily with the study of the light alloys, alumi-
num and magnesium. The mass production of air-
craft undertaken for the first time carly in the war
efforc introduced a host of new problems. The transi-
tion from hand forming and cut-and-try methods of
¢ called for the im-

fabrication to production
mediate collection and dissemination of a mass of
fandamental data on the forming properties of the
aluminum alloys. An extensive survey of industrial
fabrication operations was undertaken, and a cor-
related digest of the information was distributed
widely through the aircraft industry by the Produc-
tion Aids Unit, Burzau of Acronautics, Navy De-
partment, Based on this survey, three rescarch proj-
ects were cstablished to secure needed additional
information on the forming characteristics of alumi-
num alloys. These projects were extended later to
study the properties and forming characteristics of
the stronger aluminum alloys which became avaii-
able during the war.

Surveys to collect and disseminate information on
the effects of impurities in aluminum alloys, on the
fatigue and impact characteristics of the heat-treated
alloys, and on the high-temperature properties of

CONFIDENTIAL

poth magnesiam and aluminum alloys were conduc-
ted. A preliminary stndy of the possibilities of cast-
ing or forging high beryllium-aluminum alloys for
possible use in lightweight engine parts indicated
great commercial difficulties and consequently was
not carried to completicn.

Early in the war, there was considerable doubt
that sufficient supplics of aluminum could be devel-
oped in time to satisfy the leaping requirements of
the aircrafe production program. New and greatly
increased production facilities for magnesium were
authorized and ample supplies of this virtually new
metal seemed assured. It appeared necessary to secure

as rapidly as possible the engineering data which

would permit the aircraft designers to evaluate or to
use magnesium alloys in the construction of air-
[rames. Five research projects were estaklished, Two
of these were planned to study the mechanical prop-
erties and the fatigue characteristics of the then
available magnesium alloys. 'Fwo were concerned
with studies of forming characteristics and another
with the stress-corrasion of magnesium alloy sheet.
Alloys with a high level of property values were not
developed, but new techniques in casting and heat
treatment resulted in increasing matevially the re
sistance to stress-corrosion of cortain of the commer-
cial alloys. Work on the development of new mag-
nesium alloys is being continued both by the Burcau
of Aeronautics, Navy Department, and the Army
Air Forces,

Rescarch on the development of carbon steel air-
craft control cables, with adequate corrosion re-
sistance, to replace stainless steel cables resulted in
cable with improved performance characteristics and
provided data for use in the revision of specifications
covering aircraft control cables. A project on
mechanical surface treatment made possible a sub-
stantial improvement in performance of a number
of engine and ordnance parts. In many instances,
this treatment, shot peening, obviated the necessity
for redesigning parts which had been put into pro-
duction but were suffering premature failures in
service,

In order to assist in the standardization of test
methods used i the procurement of aircraft mate-
rials, a comprehensive survey was made of the test
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methods of the Materials Laboratory, Air Technicai
Service Command [ATSC), Wright Field. Another
survey was curied out un the fatigue of airaraft
stractures and materials <o that the research needs
i the field could be ascertained.

ARMOR

Ten projects on the metalluvgy of armor and wmor
steels were conducted, The principal project was
a broad study of the fundamental metaliwigical prob-
lems encountered in the production and heat treat-
ment of armor plate. Starting with preblems of con-
servation and substitution brought about by the
critical shortages in #lleying elements ar the begin-
ning of Waorld War I, the work included studies of
the effect of gas in armor steel, the correlation of
metallographic structure and hardness of armor
plate, the improvement of the ballistic properties of
low-alloy armor plate, the effects of various elements
on the quench-cracking susceptibility of cast armor,
and the development of methads for the production
ot face-havdened armor plate,

Supplementary projects were condacted to make
more detailed investigations of the more important
problems, notably the use of horon as a hardening
clement, the use of flame hardening, and the develop-
ment of nonalloy armor plate.

Other investigations were concerned with the de-
velopment of a nonballistic test and a direct explo-
sion test for armor quality. The nonballistic test was
capable of predicting failure by spalling but was not
relisble for predicting cracking. The direct explo-
sion test showed considerable promise for use as a
screening test prior to ballistic testing and as a
method of climinating much of the human equation
in evaiuating ballistic results.

These projects were conducted with the close
ceoperation of Watertown Arsenal and the subcom.
mittees on Cast and Rolled Avmor, Ferrous Metal-
Iurgical Advisory Board, Army Ordinance Depart-
ment. ‘They resulted in improvements in practice for
cast armor, improvements in face-hardened armer,
and a better understanding of the role of compaosi-
tion, gas content, and microstructure on the hallistic
properties of armor plate.

Another project of iniceest o the Bureau of Ord.
nance, Navy Department, and the Army Asr Force
wits an investigation of nonmagnetic or magnetically
stable armor plate for zivaraft. This included deter-

mination of the ballistic properties of a number of
nonmagnetic steel compositions made with various
heat treatments.

GUNS AND GUN STEELS

Eight coordinated projects refating to gun tubes
and gun steels were conducted in close cooperation
with Watertown Arsenal, Watervliet Arsenal, and
the Research Group of the Subcommittee on Gua
Forgings, Ferrous Metallurgical Advisorv Board,
Army Ordnance Department.

In this program, two projects were concerned with
the quality of steel used in the manufacture of
wrought gun tubes. Both laboratory and statistical
studies were made, and as a result of these studies
data were supplied for the revision of the specifica-
tions for wrought gun tubes, making it possible to
sccure adequate quality of gun steel as well as the
finished gun. Testing procedures were alsa simplified,
thus making substantial savings in timc and moncy
with an overail increase in the number of satisfactory
guns produced. Under a project on the improvement
of gun steel ingot practice, a study was made of the
relation between ingot practice and bove defects
and of the effects of bore defects on the perforniaiice
of 40-mm and 73-mm scamless gun tubes. A classifica-
tion of bore defects based on these studies was pre-
pared to assist in the inspection of gun tubes. Under
a project on the prevention of cracking in gun tubes,
a test for cracking susceptibility was developed, the
causes of quench cracking were determined, anc
remedies were outlined for reducing quench-crack
losses. Certain of these projects are being continued
under contract with the Ordnance Department.

A project on the control of basic open-hearth melt.
ing practice for the manufactrre of wrought gun
tubes correlated the numerous manufacturing vari-
ables with the qaality and physical properties of
gun tubes, Two ather projects on the processing of
wrought gea tubes dealt with the heat treasmernt
of gun steels. One of thes: projects developed a
test tyethod for deterrz’ ¢ the corvect tempering
temperatures fn fuils sk and tempered gun
tubes. This method v o manufacturers of
gun tubes and resub -+ development of im-
provad heat teanring pre oo matenially decreasing
rejections with a correspoining increase in iinished
gun tohes.

At the dose of World War 11 a project was under
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way to develop new gun steels with greatly improved
vroperties for usc in connection with new designs de-
veloped by the Army Ordnance Department.

AMMUNITION

At the request of the Office of the Chicf of Ord-
nance, investigations were carried out on materials
for three components of ammunition: armor-piercing
shot, cartvidge cases, and driving bands.

The project on armor-piercing shot was concerned
with studic. of nonalloy steels treated with special
addition agents and resulted in the development of
armor-picrcing shot with superior ballistic proper-
ties.

Three investigations relating to the stress-corre-
sion cracking of cartridge brass were conducted with
the close cooperation of Frankford Arsenal where
work of a similar nature was being carried on. One
project was concernea with the prevention of stress-
corrosion by surface protection or treatment and re-
sulted in the development of new protective coat-
ings, one of which demonstrated the cfficacy of thin
electroplated zinc coatings and the electrochen.ical
protection afforded to scratched areas. Under a proj-
ect relating to the detection and climination of
internal stresses contributing to stress-corrosion,
methods of measuring the stresses introduced in the
cartridge case manufacturing processes by X rays
were developed and applied to Jots of sumple cases
from Frankford Arsenal to permit better production
control. A study of the effect of volume changes
associated with phase changes in cartridge brass re-
vealed that the effect was negligible and that proper
anncaling eliminated the laminated structure caused
by the presence of the zincrich phase.

METALS FOR HIGH-TEMPERATURE
SERVICE

Work in this field was instituted at the request of
the Navy Department to develop new alloys and to
establish design data for the commercial alioys avail-
able for high-temperature service in the gas turbine
used for ship propulsion. In order to expedite the
investigation, the facilities of 12 laboratories were
utilized. Early in the investigation, it was recognized
that the results were ¢qually applicable to the high-
temperature service encountered in the operation of
turbosuperchargers and jet propulsion engines for

aircraft. The work therefore, was closely correlated
with the related research programs of the National
Advisory Committee for Aeronautics, the U. S. Naval
Engineering Experiment Station, the alloy pro-
ducers, and the manufacturers of the cquipment
being supplied to the Armed Services. Thus, all types
of test data were obtained over a temperature range
from 1200 to 2000 F.

Early in 1942, the Armed Services requested an
alloy that would give satisfactory servi ~ at a
temperature of 1500 F and at a stress of 7,000 psi. Six
heat-resisting alloys of promise for gas turbine and
turbosupercharger service were then available, but
none possessed the desired properties at  high
tempcratures, At the termination of the work, nearly
one hundred alloys had been tested, and ten or more
had been shown to possess properties at 1500 F equal
to or considerably better than the original goal of
the project. Several of the forged and cast alloys in-
vestigated were shown to have as good properties at
1600 F as those originally desired at 1500 F.

Concurrent with the determination of design data
at high temperatures for the available alloys and
those of similar base compozitions developed during
the project, two of the laboratories were engaged in
studies of the properties of new alloy systems. Limited
tests on these new experimental alloys at 1600 F
indicate these alloys to be superior in properties to
presently available commercial alloys and of great
future promise, but additional research work is need-
ed to determine satisfactorily their properties and
to develop suitable methods for commercial pro-
duction.

In addition to the foregoing investigations, a proj-
ect on metal and ceramic materials for jet propul-
sion devices was carried out in cooperation with the
Armed Services, their contractors, and other NDRC
div.sions. Under this project, assistance was given
on the development of materials of construction for
both solid-fuel and liquid-fuel rocket motors.

The rescarch work on developing engineering
data on heat-resisting alloys and the welding of these
alloys is being continued under the sponsorship of
the Office of Rescarch and Invention, Navy Depart-
ment. A comprehensive fundamental investigation
of heat-resisting alioys and cevamic materials has also
been sponsored by this agency. This work is closely
correlated with the engincering studies now in prog-
ress.
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WELDING

The welding vescarch program comprised 29 lab-
aratory projects, 1 of which were concerned with
the welding of ordprance and aireraflt materials, and
15 with ship welding and welded steel ships.

A Jarge part of the programs of two of the prin-
cipal projects on the welding or ordnance material
dealt with the development of methods for welding
low-altoy homogencous armor and the development
of a welding electrode which was substituted satis-
factorily for the high nickel-chvomium alloy com-
monly used for welding of armor. This development
provided not only a mean. for saving large amounts
of nickel and chromium but also an clectrode which
produced welds with ballistic properties comparing
favorably with those made with the high nickel-
chromivm types. Details of the properties and per-
formance characteristics of this elecirade were
worked out so that Army Ordance Deparunent
specifications could be written. In the later stages of
World War I, work was done also leading to the ap-
plication of this type of electrade to the repair weld-
ing of cast armor. Also studied at the request of the
Army Ordnanee Department was the low-tempera-
ture ballistic performance of welded armor plate in
connection with the Canadian Cold Test Program,

Fundamental studies of electrode coatings and the
cases of weld metal porosity and underbead crack-
ing were begun, but not completed. Uander this proj-
cct, however, an clectrode was developed for the
welding of high-strength structuras steel such as
is used in the fabrication of mabile gun miounts and
other ordnance material.

A direct explosion test was developed which holds
promise for the casy and cconomic evaluation of
welded armor and of prime plate. Other projects
carried out dealt with the development of a ceramic
backup strip, the effect of oxygen cutting on the
weldability of armor plate, residual stresses in weld-
ments and their relief, wnd the welding of face-
hardened armor,

Five projects concerned with investigating  the
weldability of allov steels provided procedures and
data of considerable value to industiy in the im-
proverent of welding techaiques.

Spot welding and flash welding protesses were in-
vestigated 1o provide information on which wider
application of these fabricating methods could be
based. Nondestructive testing meinads for welds

made by these methods were investigated also under
two projects. An interpretation of radiographs of
spot welds which was developed under one of these
investigations was adopted by the Bureau of Aero-
nautics, Navy Department, in a specification,

The research program to investigate the causes of
failures of welded ship structures and to develop
remedial measures was sponsorzd by the Coast
Guard, the Maritime Commission, and the Navy
Departnent, 1t was still in progress at the close of
the war and is being continued under direct Bureau
of Ships contracts, Studies completed, however, com-
prised investigations of welding stresses in laboya-
tory scale specimens as well as the measurement of
those in actual ship structures during fabrication and
during voyages. T'wo investigations were completed
also on the cffect of combined loads on the behavior
of ship steel. Continuing projects include studies
of the weldability and metallurgica?  rality of steels
for hull construction, the effect of no.ches and struc-
tural discontinuities on the behavior of ship steel, a
correlation of laboratory tests with full-scale ship
plate fracture tests, and the fatigue of ship welds.

FOUNDRY MATERIALS AND PROCESSES

In ovder to assist in alleviating overloaded facili-
ties for the manufacture of cast steel products and to
make availuble a pertion of the large productive
capacity of the malleable iron industry, an investi-
gation of the properties, particularly the low-tem-
perature properties, of malleable iron for use in
ordnance matériel was carried out at the request of
the Office of the Chief of Ordnance. The results of
this investigation provided data upon which the
substitution of malleable iron for cast steel could
be based.

As in the case of malleable iron, it was believed
that steel castings might to some extent veplace forg-
ings and thus relieve the pressure on forging facili-
ties. ‘Therefore, a vesearch program on the cenirif-
ugal casting method was carried out. "This program
comprised a survey of the possibilities of the. method
and the research neads, preparation of a bibliography
on centrifugal casting, study of the heat fluw in
metal molds, study of mathematics underlying the
process, and experimental work to develop and ex-
tend the process to the production of ondnance
matériel. The methods proved successful for the
experimental production of trench mortar barrels,
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recoil cylinders, and other applications, and were
applied in produciion.

Precision casting methods were investigated also
to ease the demand on forging and machining facili-
ties. As a vesult of this work, the process was adopted
by Watervliet Arsenal, the Naval Research Labora-
tory, the Winchester Arms Company, and others,
for the production of war matériel such as iztricate
parts for artillery and small arms mechanisms, and
for other applications which required an extensive
amount of hand work in theix.production,

At the request of Watertown Arsenal, two refrac-
tory prohlems were solved. ‘They involved the de-
velopment of a substitute for sillimanite in pouring
rings and the development of an acceptance test for
pouring bex relractories,

EXAMINATION OF ENEMY MATERIEL

Captured enemy matériei was examined in order
to determine significant changes in the composition
of materials which might indicate impending short-
ages in cnemy supplies and in order to advise the
Armed Services, the Foreign Economic Administra-
tion, the investigators on the various Division 18
vesearch projects, and industry of enemy develop-
ments thar appeared to offer improvements or alter-
natives in our production or military products.

This project supplemented the work of the Armed
Services and was conducted in close cooperation with
the Army Grdnasnce Department Collection Center
at Aberdeen Proving Ground, the Naval Technical
Air Intelligence Center at Anacostia, and the Air
Technical Service Command at Wright Field. In
the 215 topical reports issued, 794 individual samples
or shipments of diverse nature were covered, ranging
from aircraft engines to machine guns.

‘This projeci brought to the Armed Services the
nation’s specialists o materials and their produc-
tion and made available many of the nation's indus-
trial laboratories for special advice and service.

MISCELE ANEQUS MATERIALS
FOR WAR
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