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M M  b b  b ~
H H H N N , n 9 ~ ~1 , e
0 o 0 ~ 0 , 0 hi ~o • Vu , y U
Il n 11 n F , p ~i ~ a Va , y a

*~~~ In i t i a l l y , a f t e r  vowels , and a f t e r  ~~. ~~~, ~~i~ ;e W k i e r c .
When w r i t t e n  as ë in Russ i an , t r a n s l i te r a te  a~’~ y~ c~r

RUSSIAN AND i~U JLIS H TRI GON OME TRI C P U N C T I O N ~

R u s s i a n  Engl ish Russ ian  Eng l ish  R u s s i a n  E n g li sh

sin sin sh slnh arc sh sInh~~
cos cos ch cosh arc ch cosh 1
tg tan th tanh  arc th  tanh 1
ctg cot eth coth arc cth coth ,
see sec sch sech arc sch sech~~
cosec csc csch csch arc csch csch

Russian English

rot curl
ig log
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EFFECT 0? COflPLEI ALLOY ING OK THE PROPERTIES AN D sTau :T~J R E  OP

s—ALLOYS

Y. P. Kurayeva~ 3. P. Solonina , Vt . 0. Tkhorsvakaya

Titanius allo ys with increased heat resistan:e hive becoue known

in recent years. They are nainly alloys based on an s- structure

obtained by hardes ing the s—solid solutian by saking its :oaposttion

sore co.pl.x and ii sing coaplex alloying.

There are tw~ trends in the d.velops.nt of these heat-res ista nt

alloys. On one hand , h igh-aUoy al loys with the .asi.~. aluutn*i.

co~tint, which pre vents the eanifestation of the order el a 5— p hase,

at. be ing used as their base . On the other hand. coapL e~ alloy ing of

alloys containing 2.25—60/a Al is being realized. Alon g with

alnaisus, “nestral hard.ners~ — tin and zira niui - ace be ing added
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to these alloys. Iltkough these elements are less effective alloyi ng

elemen ts than alu .inua, the y h ave a favorabl , effect n heat

resistance.

Eirconiui has a positive effect on this characterist ic at high

temperatures, forming a larg, region of s—solid soluti on with

tita nium. Tin raises creep resistance an~i tends to foc s ord ered

solutions with s—titanium [ 1~. A small qiantity of s—stabilizing

elements prevents embritt lement caused bV the t ra a3it ional phases in

alloys containing 80/0 or more Al.

Alloy V TIB , d eveloped on the basis of the system f l— A l — Z r , has

higher hea t resistance at 550—600°C than the ex isting t i tanium alloys

and stress—rupture strength of 28— 30 kg/maZ at 600°c for 100 ‘rurs

with satisfactory stability.

The affect of complex alloying on these charact eristics was

st udie d in order to  raise the ther ma l stibi lity an t! hut resistance

of alloy YT 18. Th e work was done in two areas: 1) r epLacing a certain 
-

quantity of alu a inu. or zirconium in the alloy by tin, a nd 2)

addit ional alloying of the alloy w ith copper, hafnium an d tun gsten .

In order to raise the ther .a l stability of alloy YfiS while

prese rving its hea t—resistant prope r ties at 600’, part of the

L _ __
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aluminum and zirc niu u was replaced by tin. Alloys :ontahimg less

than 70/ 0 Al and 80/0 Zr with a constant quantity of niobium and

.olybdsnum were used for th. s tudy.  ?urtb.rmor. , 0.2 o~ o Si van added

to so.. of the alloys containing 20/0 Sn. The test results shaved

that addit iona l al loying of alloys with tin does not significant ly

change the ir stres s—rupture strength and plasticity at r o .

t. mp.ratur . compared to these properties of alloy Yfli . Here the

im pact viscosity L ncreas .s from 2 — 1 to 4.5. 11 kq./csZ . An increase in

the abre ss—r uptur . strength fr om 115 to 120 kgs/cul asd a reduction

in impac t vi scosit y from 4. 1— 5 .2 to 1 kgm/c.’ are only observed in

th. alloy with 7.50/0 Al addit ionally alloyed vith Zo ’o Sn.

As the tests shoved (Pig . 1). after heating alloy s which do not

cont a in silicon f~ r an additiona l 100 houts at 600•, their thermal

stability is completely sat isfactory: a certain decrense in

plasticity and in:r.ase in strength ar. observed . Plasticit y

decreases more markedly whe n the tin coitsat is inCreased from one to

3.Sa/ . flue , in an alloy with 10/0 31. .i~— :1O’L • lad with 3.So/o Sn,

Similar results on thermal sta bility vet . 3bt ained after

beatis~ th. alloy at 550° for 100 hours. Increasing ti, duration of

h.ati~ g fr om 100 to 300-1000 hours at the same t emper at u res

•sseatially doe s iot change th. pl astic properties of an alloy wit h

1— 20/s Sn.



DOC — 237 1 P A G E 11

Pig. 1. Mech an icaL prop.rti.s of alloy Ti — lob Al — 83/3 Er — lob
Nb — 0.SSo/o No - Sn with  d i f fe ren t  t in  additives at : o m  tempe rature
after holi ng foe 100— 1000 hours it 550 (a) and 600° (bI :

• ElY : ( 1) kg/se E . (2) Hold ing, h .

1

~M~~~ 1~~ ~~ -
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I
alloy s with 3.2o/o Si have lover thermal stability , whereupon

the high er their aluminum and zirc oniu m :ontent , the Lower their

plasticity. Increa sing the quanti t y of t in in the *1137 f rom one to
3.So/o increases it s shor t—term st rength a t  to 5-10 k ;/a i’ 500—700 °
(Pig. 2). The resu lts of long—term tests shoved that alloy s with

3.So/o Sn (without silicon) ha ve a high level of heat-resist a nce
charac teristico (a~~— 3G--.3I kg/cal). With t he  addition of 0.2o/o Si to -

the alloy, as v*LI , its heat resista nce inc reases (~~ —‘33 kg/ sm ’;
I~~~~ 74 kg/esl~,, but its thermal stab ility drops.

I

- . 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Pig. 2. Short—term strength of alloys typ e VY1 S with d i f fer e n t  t in

contents at raise d temperature .: o—s -ss s.*-as~~~. • FE Y:

(1) kg/mm’.

— 1_
—I—

‘

.vxrn

The s t u d y  established that  the st ructures of a L l ay s  w i t h o u t

additives and vita tin additives in the annealed stat e and af ter

addit ional  heat ing—and—cool ing cyc les at working  t e np a r at u r e s  are

similar to and resemble the basketveave~ structure. ex a m i n a t i o n

under an optical microscope (x300) shows that the structure of the

alloy consists of plates ~f s— phase with dark inclusions on its

boundaries (Fig. 3*) ., whi l e bands d i f f e r i n g  from the i -p ha se  (Fig.

3b, c) were observed against the background of the z—~~ lid solution

under an electron microscope ( x lO ,000) . Th ey become wider  as the t in

content in the alloy is increased from one to -3o/o (Pig. 3c). These

bands can either be considered to be the effect of th :ba .ical

heterogeneity on th e edge s of the s-grains , or they can be explained

by the presence of the second phase in the alloy.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L~~~aJ 
— -• ~~~~~ 

_ -- ~ ~ —— -••-.~- ~~~ _ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
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rig. 3. Micr ostru:ture of alloy VT1 S wi th  differen t t in  aid it ives:
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The phas . analysis ’ showed that alloy 7T18 ali3ye l additionally

with tin obviously con sists of two s— p hases which differ in their

conten t of aluminu , and other alloying elements , as veil  as the

•—phase, w hose quant i t y also varie s wit h the composi ti o n  f the

alloy. Footnote: ‘Work conducted by Ye. I. Gus’kov. End footnote

I.

Tb. content of th. s—phase stripped of alloying elements and the

fr-phase is obviously very small; thus, they  do not hav e a signif icant

effect on the all y’s heat resistance. Its high heat-c~esistance

properties probably result from harden in; of the z-soL H solution.

As vs know, :opper increases the creep resistance )f titanium

alloys, whi le  pres erving good ther ma l stability (2]. 3.9 an d 2o/o Cu

were added to all y 7T18 for this purpose (Pig. 11 • The test results

(Pig. 4) showed that the alloy has high therma l stability after 100

additional hours of heating at 1150, 500, 550 and 600°; here its

relative ~ontractLon is 34. 3—l41.6o/o. The alloy has high :reep

resistance and reduced stress—ru pture strength at 550 and 600°. Its

residual deformati on at 500° and v = 35 kg/ca’ for 10) hours is

0~ 080/0.

I
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Pig. 11. mech anica L properties of alloy type VT18 wit h additives of

copper and hafniui at room temperature after holding for 100 hours at

1150, 500, 550 and 6000 : O 3 % C. x~~~~ H& KEY: (1) kg/mm ’.

I 
__________ ___________

• __
_ _ _

~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

_ _  
_ _ _ _ _  

_ _ _  _ _ _  

-

~! 
!I~~ _ _ _ _ _ _

The addit ion of 0.8o/o Cu to the alloy does not a f fe :t  its phase

composition and microstruct ure , but further increasin; the copper

content to 20/0 reduces its heat—resistance properties. This is

obviously due to th e  manifestat ion of the a—phase .

Like zirconia. , h a f n i u m  is a titaniii i analog. We know that

hafnium incre&ses the creep resistance of alloys base! 3fl T i—U

without changing thei r  phase composition ( 1 , 3].

The replacement of 60/0 Zr in the alloy by 6o/o ~f reduced its

— ~~~~~~~~~~~~~~~~~~~~
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strength properties at roo. temperature and raised tee peratures. as

well as the heat resistance of the alloy (sea rig. 4). lowever , its

therma l stability remained high after  an additional 100 hours of H

heatiag at all tem peratures . The alloy ’s struct ure did not change

when sirconium was replaced by ha f nium .

Tungsten forms a eutectoid decospositon system with titanium.

The mazimu . solubility of tungsten in s—titanium alloy s is less ‘-han

0.80/0. wh ich indicates the low diffusion rate of this element.

We know that the addition of tungs ten  raises the heat-res istance

characteris~ics of titanium alloys withoit reducing taetr plasticity

and stability. Thus, the creep limit of alloy V?3-1, which contains

tungsten instead of chromium , doubles at 450°C ( I I ]. Al loy  V 1’I R to

which tun;sten has been added instead of ~—stabilizin; elements

(niobium and molybdenum) has high short—term strength at 550—600° and

high creep resista nce at 600° and . = 10 kg/s.’ for 130 hours. Here

its residual deformation is 0.035o/o.. However , this alloy has tow

thermal stability, which is probably related to the ch ange in its

phase composition.

Conclusions



DOC • 2371 PAG E 10

The r.place..nt of part of the aluminum and aicc ntua in alloy

YT iS with tin (2o~o) increases iti therma l stability while preserving

its high heat— resistance properti.s.

2. Th. additi on of copper or tungsten to alloy fl13 increases

its creep resistance. Th. content of the indicated addi t ives, as well

as alu •inu m and zirconium , in the alloy mu st  be precisely determined

he re in order to obtain th. opt imum set of properties.

3. Tin , copper and hafn ium additives do üot chanje the struct ure

and phase composit ion of the alloy within the limits of t an  s-solid

solution.
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STRUC?URE AND PROP ERTIES OF A HEAT—RESISTANT TITANIUN ALL3Y WITH A

LONG SERVICE LIFE AT 500—550°

0. P. Solonina , N. H. Ulyakova and N. I. Yermolova

We know that  as heat resistance increases in the process (‘!r.

note: incorrect line inserted here in Russian teit; c rrect line

miss ing ] ... alloy s have a tendency towar d reduced plastic
characteristics, i.e., to e.brittle.ent.

Poday alloy VTR is the most stable f the alloys intended for

long—term work at temperatures up to 500’. In comparison , alloy YT9

has higher heat—resistance characteristics at 500-550’, but its H
therma l stability is inferior.

The purpose of this st ud y van to search for the  composition of

______________________________ -- ______________ • ~~~~~~~~~~~~~~~



,— - -
~~~~~~~~~~~~

• • - - •- -
- -•• - --

~~~~~
----

~~~~~ 

•..

~~~~~~~~

-

~~~~~~

—

~~~~~

• • -

~~~~~~~

• - -  - - --
~~~~
--—

~~~~~~~~~~~~ 

-

~~~~~~~~~~~
—• 

r

DOC w 237 1a PAGE /~2..

am alloy with heat—resistance properties whic h are at least as good

as those of alloy VT9, but wi th  greater thermal  s t ab i l i ty .  -
•

Alloy type fl3—1. wh ich is alloyed f r o m  var ious  e lements, was

used for the  s tudy .  The mechanical properties of th is  alloy were

stu d ied at room and raised temperatures (~3O0—600°Ii , as we l l  as its

therma l stability in the 400—550° range after holding for 100, 500,

2000, 3000, 6000 an d  10 ,000 hours , its st r ess—rupture st rength at

1150. 500 and 500° for 100 hours or more, and its creep at 500° for

100 hours after two •odes of heat t rea tment:

i)k eat ing  at 87 0° for one hour , cool in g to 650°C, h o l d i n g  for two

hours, cooling in air;

2) heating at 920° for one hour . cooling in air , heating at 590°

for on. hour , cooling in air.

Effect of Prolonge d Heating on the Properties of the  ~ll oy

The alloy ’s t hermal stability was stud!ed on ~agarin and Henash

sp ecimens.

Th. data in the f igu re show tha t  the alloy has high thermal
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stability after b t h  •odes of heat treatment and addit iona l holding

for  up to 10,000 sours at *00 and 450°, while its mechanical

properties (ii , • 1 10- 120 kg/u’; 6 — lOo/o ; * —  30o/o;

a. • 3 kg./c.*) are virtually at the level of the ori;ia~ l values.

After prolonged holding for up to 500 ho~rs at 500°, the high l.,.l

of mechanica l properties is preser ved after both modes of heat

treatment. Plasticity gradually decreases as the duration of holding

increases; howe ver , even after holding for 10,000 hour s it remains at

an adequate level (6 ~ 5— Bo/o; •~~ 10—1 5 ,s’o; a. • 2-3 k;i~ cm ’) • and

a.brittl.ment of the alloy is not observed. At 550°, the mechanica l

properties of the alloy are on ly stable after holding for up to 100

hours. Increasing this time to 500 hours leads to a reduction in

plasticity, especially tran sverse constriction of up to l3-17o/o,

whi le after holding for 2000 hours, plasticity re.ains at  the leve l

6 s 50/0 and $~~IO%.

- - •- - - • - • --

~~

--

~~~

•- - - - •

~~~~~~~~~~~~~~~~~~
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Figure. Effect of prolonged holding at different temperatures on
mechanical propert ies of alloy: ‘— double  a n n e a li n g ;  )‘~ -
isothermj c anneal ing;  — — — — annealing of blanks. k EY: (1)
kg/ m m’. (2) kg m/ :il . (3) Holding, hours. (4) kga/m m’.

L 
- - —- ~~ •- —-— __ ______•—. 

- _&__
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The nature of the change in the alloy’s mechanica l properties

after long—ter m heating at different t•mp.ratur.s virt ually does not

depend on heat treatment; the alloy oa]y has lower st ess-rupture

strength after is theraic annealing.

The data obtained show that the all3y is stable at ‘150° and

holding for up to 10,000 hours, at 500° - up to 1000 hours, and at

5500 — up to 100 sours. However, at 500 and 550°, plast ici ty  is

ma intained a t an adeq uate level after holding for up to  6)00 and 3000

hoers, respectively (e ’ S%; ~i.uI0S).

The effect of surface oxidation on plastic character is t ics  af ter

holding for more than 2000 hours at 500° and for 1000 hours at 550°

was observed during the coaparison of the tests on the blanks and

specimen s subjecte d to long-term heating.

The s tudy sh ved that the alloy has a tendency t var l  increased

thermal stability with the reduction in the temperature of

low—temperature an nealing. Thin is obviously due to tie high

stability of the 0—phase; this phase tends to be enric hed with

fr-stabilizing element s to a great extent at a lower temperature.

Therefore, in order to provide higher thermal stabilit y of the alloy,

it is necessary to anneal it at temperat u res close to working
temperatures .

• - ~~~~~~~•~~~~iILt -~~~~~~~
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Phase Composition of Alloy After Prolon~~d Heating

The alloy’s stability was evaluated by the change in the

parameter of the crystalline lattice of the ~—phas. depending on the

ti and te•psrature of heating. It va n establ ished that  a f t e r  aging

at 0O• for  f rom 100 to 3000 hours , the •— phas. p a r a m a t e r  j r a du a l l y

decreases, indicat ing its 9radual decomposition. The parameter

re mained v i r tua l ly  the same afte r heat in; longer than  3300 hours.

After aging at 115), 500 and 5500, a marked dec rease even occurs af ter

holding for 100 ho urs, followed again by an ins igni f icant  change in  L~.

th . parame ter. The higher the agin g temperature, the fas ter  the

•—pba se decompose s. According to the electroch.mi:al phase analysis

da ta , during prolonged aging t his phase is enriched wi th

frstabilizinq element s due to impoverishment and pa r t ia l

decom posit ion.

By st ud yi ng the microstructure on an electron microsco pe, it was
established that the structure of the alloy consists f a- and

0—solid solutions after isothermic annealing, vhile a f t e r  double

annealin g, there are heterophase sections — products f the

decomposition of the metastable $- pbase - along with th. residual
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fr- phase. the presence of heterophase sections provides h igh er

strength and and heat—resistance properties of the alloy. According

to the pre liminary data , crus h ing and enlargement of t h e  needles in

the heterophase sections occur during prolonged holli i ;  of specimens

for up to 100 hours  (at different temperatures), whil, in the

isothermic annealing mode, the form of the phase interfaces changes

and serration (after prolonged heating at 450°) or crushing of the

plates (a f t e r  prolonged heating at 500°) occur.

Heat Res istance of Alloy

The study of the heat resistance of the experimental alloy

shoved that:

?) the tensile strength at raised temperatures (~53—600°) 
p

virtually does not depend on the heat treatment mode (table)’ ;

2) the tensile strength is somewhat higher (85. 70 and

IIQ kg;/.m’) after louble anneal ing than af ter  isothermic anneal ing

(33, 6* and 37 kg/mm’) at all test temperatures (1150, 500 and 550°,

respectively);

3) the alloy’s tensile strength at 500° held for 130 hours (with it

V -— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- residual deformati on of 0.20/0) iv equal to 33 kg/mm ’ after

isoth.ruic and *0 kg/a .’ after doubl e annealinq.

- 
The table giv es the mechanical properties of the eiperi.eutal

- alloy comp ared to the properties of alloys 1T8 and V f l .

L.~~__ 
__~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~~~~~
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Table. KEY: (1) Alloy . (2) Test temperature. (3) kg~m.’. (4)

Thermal stabili ty after  heating at 500°. (5) kgm/cm’. (5)

Experimental. (7) *Duration of holding alloy Y?9 - 2 0) 0 hour s ,

experimental alloy — 6000 hours.

ca~~ ~~~~H~~~~~~~~)
ITO 20 I06—I20 — — — — —450 50 75 - — —

500 75 55 20 — - —
550 — 3$ 10 — — —

111 *0 t00—120 — — — — —
450. 50 — — — — —500 7$ IS 40 5 1 .  LI
500 73 ~~ j4 — — —
en 20 20 — — — —

20 110-120 — — 
— — —

IS — —
SI5 $4 70 40 $ II
650 10 40 — — — -~
en is - - - - —

(‘~ J • Aw,.ascm a~a~~i~~ ~~~~~~~ ~~ ~, ~~~~~~~ ..~.., —
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The analysis of the data obtained shows that the heat resistance

and creep of the exper imental alloy are at th. same level as these

charac teristics of alloy VT9 , while its thermal st&bitity

considerably exceeds that of ‘VT9 at 500°. The use of the new titanium

alloy makes it possible to increase the service life of artic les at

500° f r om 500 to 5000 hours.

Conclusi on s

1.. A composition of the alloy which provides reliaDla operation

at tempe ratures up to 500° and a holding t ime  of up t) 10,000 hours,

and at 550° — of up to 3000 hours — was obt ained (ven us 23 00 and 100

hours for alley YT9). The heat resistance of the experimental alloy

is on the level of that of alloy Y’1’9.
& 

~V

2. The ef fect of heat treatment and long—term hea t ing  for up to

10,000 hours at 1130, 1150, 500 and 550° on the properties, structure

and phase composit ion of a complex—alloyed ti tanium a l l o y  was

studied. A tendency toward an increase in the therma l stability of

the alloy with the decrease in the tem perature of low-temperature

anmealing connecte d with the high stability of the 0—phas. was

detected.
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DISTRIBUTION LIST

DISTRIBUTION DIRE CT TO RECIPIENT

ORCAN 1ZM1O~1 ICROFICHE ORGANIZA TION MICROF ICHE

— A205 DMt\TC 1 E053 AF/ INAKA 1
A2 10 DMAAC 2 E0]7 AF/RDXTR-W 3
1 33 4 4  DTd ~/RDS-3c 9 E403 AFSC/INA 1
C043 USAM1IA 1 E404 AEDC 1
C509 BALLISTIC RF.S LADS 1. E408 AFWL 1 —

C5lO AIU MORILITY R&D 1 E410 ADTC 1
LAB/F! 0

C513 PICATINNY ARSENAL 1 FTD V

C535 AVIATION SYS COMD 1 CCN 1
C59 1 FSTC 5 ASD/FTD/ NIIS 3
C(19 MIA REDSTONE 1 NIZt/PHS 3
DOOR NISC 1 NIIS 2
1(300 USAICE (USAREUR) I.
P005 DOE I
P050 CIA/CR6/A~D,’SD 1
NAVORDST A (SOL) 1 - -

NASA/KSI 1
AFIT/LD 1
I L l/ C od e  1-389
‘T /J?~~ /”[)L 2

A
‘D—ID(RS ) T—237 1-78
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