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PREFACE

(5) This study has been written in response to DIA Task No, T88-01-02,
dated 28 March 1968, ”I‘he purpose of thm‘ﬂroducﬂ to provide an Pv.—llucxtmn
of the Soviet capabzlity in material technology as related to present and future
aircraft, spacecraft, and missile structural and propulsion applications, Sig-
nificant Soviet developments are described for both metallic and nonmetallic
material areas. A 15-year forecast is included where appropriate, # 70 -y o

(C} Although the majority of data was obtained from open literature sources,
appropriate intelligence reports and material exploitation reports were also ana-
lyzed. Specifically, the following material areas are covered: aluminum, tita-
niwm, magnesium, beryllivm, low-alioy steels, stainless steels, maraging steelys,
superalloys, refractory metal alloys, ceramics, and composite materials. In
addition, related coating systems and processing developments (such as thermal
mechanical treatment) are evaluated. In orcer to be consistent with Soviet pub-
lications, chromium-bage alloys are included as refractory metal alloys in the
study,

(S) In the performance of this task, agsistance was requested and received
from the Army Missile Inteliigence Directorate in the form of a contribution
covering Soviet SA-2 material application,

(U) The cutoff date for the information contained in thig study is 15 Jan-
uary 1969,



UNCLASSIFIED ST+ C8-01-44-69

15 August 1969

TABLE OF CONTENTS

U I Y L o i ittt et et o e e e e e e e e e e e e e e e e e %1
Section I Light Metals . o o o i i i i it e i e e e e e e e e e e e e 1
A, AIIMENUIM AlLOVS & o vt e e e e e s e e e e e e e e e e i
B, Titanium Aloys . . o L e e e e e e e e e e e e 3
CL Magnesium AllOVS & . i it et e e e e e e e e e e e e e 4
D0 Beryllium AllOyS . . . ot i e e e e e e e e e e e e e 6
Section I Steels and Copper . o v v it it i i e e e e e e N &
Ay Low-Alloy Steels .« o v v i i e e e e e e e e 9
B. Maraging Steels. . ... ... ... . .. . P 10
O, Btainless SLeels & . . . . i e e e e e e e e e i1
1, austenitic. o oo it i e e e e e e R
2, Martengitic Stainless Steels . . . . . i e e e e
3. Precipitation-Hardenable Stainless SteelS . .. oo vttt i e
D CompET ALIOT S i i i e e e e e e e e e e e e e
Section HI Superalloys . v v it i s e e e e e e e e e e e I
Al BaCkErount, . ot e e s e e e e e e e e e e e e e e e e e e e e i
B. Alloy Development and Application . .. .. . . o i i i e i
L WEOUEH L . L e e e e e e e e e e e [
A O A8 X Lo 18
3. Bheel ALIOVS & i i e e e e e e e e e e 18
4. Deficiencies in Soviet Alloy Development . . o o0 o0 v o v s oo 16
C. Processing of Superalloy Engine Components o . . .. ... oo it o ittt 19
L Co0lmE o o i e e e e e e e e e e 14
2. Coating L e e e Le. 20
Section IV Refractory Metal Alloys . o v v v i o i vt o et et ot et e e e e e s e s 20
A, Niobium and Niobium-Base ALIOVS . o v v v vt v i e s e e e e e e e e =
B. Molybdenum and Molybdenum-Base AlIoys . . . o o v it it i e e a4
C. Tantalum and Tantalum-Base AllOVS . .. v i it v v s e e e e 27
D. Tungsten and Tungsten-Base AlloVS . . v v vt v it vttt et e e e e e e . 28
E. Chromium and Chromium-Base AllO¥S . ... . . it it i s e e et e e et an
F. Vanadium and Vanadium-Base ALLOYS . . . . 0 vt vt ot e e e e e e e e e 3
Section V' Thermal Mechanical Treatment of Metals and Alloys . .. ... ... ... ... ... 33
v GITIHPT- 250

UNCLASSIFIED



UNCLASSIFIED

TABLE OF CONTENTS {Cont)

Page No.

Section VI Ceramics.................o.,. e e 35
A, Ox1des 35
B. Nuclear........................ e e, . . 35
C. Magnetic.............n.......... e e e e . . 36
D. Graphxtc 36
E. Coatmgs 36
I, GlassesandGlass—Ceramics.....‘...... e e e . 37
SectienVIICompositeMaterials....................................... 39
A. WhiskersandFilaments................................. ...... 39
B. Metaleatmx 40
C. Dispersion~8trengthenedAIons..........m................... s 41
D, PolymericMaterials..............................‘....,...... 43
E. PolymericAdhesives...... ..... 46
F, FiIamentWinding....‘........................ . . 49
AppendixTablesandFigures.....,.....................‘............... 53

Bibliography..................................................... 137

LIST OF TABLES

Table . 1 Probable Soviet Liquid Tankage Materials . . . . R 55
Table II Nominal Compositions of Selected Soviet Aluminum Alleys ... ... ... .. 36
Tabhle IIT Properties of Selected Soviet Aluminum Alloys . ., . . e, 38
Table IV Proposed Aluminum Alloy Designation for Selected Alloys. .. ..., ... . 59
Table V' Nominal Chemical Compositions of Selected Soviet Titanium Alloys . .., . 60
Tahble VI Mechanical and Physical Properties of Selected Titanium Alloys. . ..., .. 62
Table VII Mechanical and Physical Properties of Selected Titanium Alleys at

Elevated Temperatures . . . e e e e e e e e 64
'E‘ablc? VIII Composition and Properties of Soviet Cast Magnesium Alloys . ... .. . .. 65
Table IX Composition and Properties of Soviet Wrought Magnesium Alloys . . ., ... 68
Table X Nominal Composition of Low-Alloy Steels for Solid Propeilant Rockeat

MotorCases......................... ..... e 67
Table X1 Typical Mechanical Properties of Steels for Solid Propellant Rocket

MotorCases........................... ......... 68

G9TDPT-259 vi

UNCLASSIFIED




NATIONAL
SECURITY

ARCHIVE

National Security Archive,
Suite 701, Gelman Library, The George Washington University,
2130 H Street, NW, Washington, D.C., 20037,
Phone: 202/994-7000, Fax: 202/994-7005, nsarchiv@gwu.edu



