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'.   S.   DOAHP  On  GEOUHAPHIC  NAMES  TRANSLITERATION  SYSTEM 

iiallc     T'rarin 1 itcrat ion Block     Italic    Trans iitorati. n 
A a A a A,   a 
F. 6 B 6 B,   b 
b ■ B $ V,   V 
i r r i G,   P, 
Ü A n d D,   d 
E e E * Ye,   ye;   F 
>K m M 3« Zh,   zh 
3 » 3 J Z,   z 
H M H U I.   1 
n A R Ü Y. y 
K N K tt K,  k 
n Jl n M L.   1 
M M M m M,   m 
►l M H H N,   n 

V c 0 0 0,   o 
n n n n P,   P 

P P P P R,   r 
C c C c 
T T T m m        4- 

y y y y U,    U 
<t> 4) 0 <f> F,   f 
X X X X Kh,  kh 
u u a H Ts,   ts 
M M H V Ch,   ch 
Ul Ul w Ui Sh,   sh 
m UI m »I Shch,   shch 
■b \ i % ii 

bi u u u Y, y 
b b b k i 

3 t 3 1 E,   e 
10 10 JO 10 Yx.,  yu 
fl n fi M Yu,  ya 

vt-  Initially,   after vowels,  and after t,,   hi £ elsewhere. 
wTTen written as  6  in Russian,   transliterate as ye or Ö. 
The use of diacritical marks  is preferred,  but such marks 
may be omitted when expediency dictates. 
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FOLLOWING ARE THE CORJ-ESPONDING RUSSIAN AND ENGLISH 

DESIGNATIONS OF THE TRIÜONOMETHI!. FUNCTIONS 

Ru.-isian EnKllah 

,iln sin 
COS f<i8 

tg tau 
f, eg cot. 
sec «ec 
uosec car; 

sh alnh 
ch cosh 
th tanh 
c-th coth 
»ch sech 
each each 

arc ain ain-1 

arc coa coa*1 

arc tg tan-^- 
arc ctg cot~x 

arc aao aec'j 
arc eotac CBC~* 

arc sh 
arc eh 
arc th 
arc cth 
arc ach 
arc each 

rot 
lg 

8inh-l 
cosh"1 

tanh"1 

coth"1 

aach-1 

each-1 

curl 
log 
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APPLI CAl ' l i)N nr GLASS J.UARICANT IHIHlNC 
I·:XTHII~l i)N OF TITANTlJM ALT,\iYS 

T. V • . :\nisimova, r.. B. Kozlov, Ye. M. Ncpomn:ta.;lh.:hiy 
A. u. f1ergeyev, L. G. Stepanskiy 

and o. M. Shukhat 

TJtan1urn is d istinguished by a raised tencien"'Y to adhere to 

the onta~t surfaces of a tool, which lP.ads to accelerated tool 

w•ar. Low the rmal conductivity of titanium alloys (4-8 times les e 

tha~ for alloy steels) causes a large temperature drop near the 

·urfAce lay •r s of the bi ll Pt, l eading to the appearance u t' con-

.,; ,; rabl e trength he t e rogeneity of material, which is reflecte d 

1n lrreguler1ty of deformation and the surface quality of extruded 

· rticles. Fast oxidizability and intense gas saturability of titanium 

at high t mperatures causes a substantia 1 change of mechanic& 1 

prL''}' E' rti , f surface layers of thP- billet, which also impairs thf: 

. · <l'l'!l."' q al:lty of the Article and acc elerates dir· weAr. All of 

j- , ! :· 'r:sld e rab ly c mplicat the s e l ection of pr oc P. s:; luliricants. 

:\ t pr sent the mos t sui ta l e lubricants for hot extrur;J 011 of 

:.; t ~ l , titanium and certain other alloys are cons1d <> r d p.; la ns 

l u·c ricants f 11. However, information about theil· e f'fe t I Y(' 'lfplice-

tion uril ( xtrusion of titard uw is extreme ly· ll ·nl ,. · 1 I o 

'l'he purpose of the work, c uducted by All-Uuil'l. : ~ . · i · •r. ' 1 rl 

1\e s earch, Planning and Design Institute of Metallurrl · :t : · ·:d n ry 

(VNl iME1'MASh) jointly with the State Institute of t i.lrc1. ·: · , , _ ! 

. t uJd. ns !c Metallurgical Combine , was to determine th· • n1 · 1, r.a l 
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comp'"" ttions of glass lubricants and methods of their app l t , .. ,t 't un 

on the billet and tool during hot extrusion of four chars ~. . t , 1'1 .; t.l 

titaa&J um alloys [']: VTl-1, 0'1'4-0, VT'-1 and 'fl'5-l. 

Extruo ion was perfo~d on a horizontal hydraulic prN;: · with 
a force of 1000 t with 3 pump-battery driv('. Speed of travr·l or 
the lftOhile cross arm was 50-60 llllftja. The press had a di f'! ~;ul . •L : . : , · ,l , ):J 

Of i•\t <."on&truetion and a prCSR•pUnCh Withdraw&lllC from tile It /. : · .1t ' 

extrus ion during feed of the blllet into th ' coJ&tainer. 'f'h f: 1 l 1l r; t ;~ 

Wft r t:> l11•ated in a continuous induction fuiTia ce vt' lndustr1R l r r e ­
quea. ··y with horizontal arrangement or the muffle. During eY.tru:;; i on 
of i•ars with dlaMter 15, 20, 25 and ,o mm, and aliJO '1'- ::; hape, 

·eorner and channel bar type profiles, there was used a container 
11? - ln 11a•ter. Olea had approach taper angle 1'5°. before 
extrusion the forged titanium billets were subjected to complete 
lathe work; during this one end of the billet was given a shape 
curr('uponding to the front die face. Twelve brands of glass wer 
test~J: No. 176, No. 209, No. 176a, No. 185v, No. lOS, No. 271, 
No. 295apv, No. 269, No. 295, No. 2918-1, No. 295816, and No. 295a. 
The n~mbera or all the glass correspond to the numbering system of 
the State Institute of Glasa. 

The first part or the investigations was aimed at C\ Clf• tion of 
g la ss suspension coatings of bllle": a before heating tor pr t cct1ng 
thei~ surface from oxidation and gas saturation and creation of a 
layer facilitating the application or additional glass lubricant. 
The composition or suspension included: 85-~ glass powder with 
grain size 0.07 .. , 10-1~ water glass and water, addeJ to suspens ion 
dens ity 1.8-2 &/em'. Before application of glass suspension the 
billets were degreasad. Thickness of the coating layer was 0.5-0 . 8 a~ . 

The billets were dried in air. 

As shown by experi.ents, with viscosity or glass over 6000-l• vo 
poises, complete tuaion or the coating did not occur during heat tr.t:: 
or the billet; this prevented the supply or lubricant to the die 
hole. On the other hand, low viscosity or glass (leas than 700-800 
poises) caused disturbance or the continuity or lubricating film, 
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tt s lipping from the heated billet during the necessary duration 
~_, f h0ating (40~0 min). For VTl-1 and OT~-0 alloys at heatine 
il'mpcratures before extrusion 800-900°C the best resul tc were 
lltained on glass suspension coating from glass No. 295, and for 

alloys VT3-l and VT5-l at heating temperatures 950-ll50°C - from 
gJass No. 185v, and also from glass No. 176 and No. 176a. 

Usc of only one glass suspP.nsion coating as lubricant permitted 
xtrudln~ rods from VT3-l alloy with high surtace quality at 

··longation coefficients up to 20 (Fig. 1). However, with this th~ 
sp • ·lt'ic forces of extrusion are essentially increased (up to 
1 ktr/1nm2 when heatln~ to 1150°C). FUrtherm re, there was (lbSt!rved 
lnstablllty of work of the lubricating coating, in certain cases 
leading t its disturbance and the formation of deep longitudinal 
~· retches on the surface ot extruded bars, apparently caused by the 
cr, r tt ,h&al adherence of titanium to the tool. 

Fla. 1. Rods, 
preased with the 
use ot gla~s sua­
pension coating. 

1 • cond part of the investigation was dftdicated to selection 
~- r' ndd l tiona 1 glass for glasR suspension coating, applied be tore 
1 , atir• , for lubrication of the lateral surtace ot the heated 
1 tllet (by means of rounding up) and the die (with the aid of die 
i·.a shers). Application or such a method ot lubrication permitted 
tot only ns1derably lowering the specific torce ot extrusion 
(Table 1) , but also assuranc e of stable reed ot lubricant into the 
1 hol•, at least at e l ongation coefficients '1P to 60. However, 

ll · ntrast to the use of one glass ouapenaion coating 1.n .. I r; c&se 
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Table 1. 
Article (dimen· 

l 
Alh)y Elongation Extrusion tem· Ave rl:i r,e 

sions in mm) coefficient perature, in spec i f l c 
oc fOl' C' \ ! I ll 

~-· ~ 
kgjrnm2 ---

V'l'l-1 Rods¢ 20 ''·' 1 ~8:50-850 40 
V'1':5•l Rods¢ 20 ''·' 950-1000 65 
VT5-l Rods¢ 20 ''·' 900-920 80 
0'1'4-0 Comer :55 x 6 27.7 885-910 50 

on t rtt.· surface of titanium extruded a:."ticles under the layer or gl<JSS 

there are observed charac+:P.ristic defects in the form of transversl. 
ripples and longitudinal folds (Fig. 2). It is necessary to note 
that the use of rounding up the heated billets by glass powder and 
the die washers without glass suspension coating leads to considerably 
deeper detects, primaril~ in the form ot longitudinal folds. It is 
noticed that low viscosity of glass tor washers (less than 100 
poises) leads to increase of the depth of ripples; on the other 
hand, glass whose viscosity is higher than that of the coating, f or 
all practical purposes do not work as lubricant. Depth and frequency 
ot location of detects on the surface of extruded articles can uo 
considerably decreased at a certain combination of glass of susp<J ~.:. on 

coating, glass utilized during rou~lng up, and glass for washe1·.; . 

Fig. 2. Profile, extruded with the appli­
cation ot glass lubricant in the form or 
a suspension coating, rounding up and 
washers (characteristic surface detects). 
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The most s ue - ss f ul combinations of glass for cornl·.lncd use 

durillg ext rus i on of a rtie les from VTl-1, OT4 -0 and V'l'3- l a .l l o.v::>, 

est a blished as a result of investigation, are listed 1n 1-'l t~ :J . 3 
ana 4. On Figs. 3 and 4 there are graphs of the change of viscosity 

of glass of optimum compm~ itions (Table 2) depending up ( n t. c 

t emperature . Das h ~d l ine s mark the t empr.rature rang\~:3 • >I' t.e~ t 1 ng 

o f u lll ' ts b e f o r e e xtrusi on. 

F'i g . 3. Fig. 4. 

Fi g . 
t ion 

1•'i g . 
t:i 0 1 

FTD- MT - ::4 - 221-

3. Vi sco ity of g lass of optimum <: l tnpos 1-
f or 'JT l-1 and OT4 - 0 ~ lloys. 

4 • Vj scusity of g lass of optimum C l) lrt} H J ~ l-

f o r VT3-l al l oy. 

Tab l e 2 . 
t'ht:mj on l compos i t i on i n 'fl• 

~ •o , I t;•O ! ~~~o I N•.o ~~At.o,l u.u, 1•••;, ; ,, ,, 
l B!>v 
21ili 
~ .. -. 
~J.-.. o 

~: I !. I - -.;- -25 - -:~- ,, ~: II ! _!d 

f!: !. l ~~ I ~· 5 ~1:?. 1~· --· 1 u • . 
! I 
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Combined use  of p;lass  lubricant  turnod  out  to bo  mi n'i •! ■ .nt I, 

effective during extrusion of thln-walled  T-shape {uol'nu with 
dimensions  30 x 1.5 mm made  from alloy OT4-0.    Extrusion war 
performed  on a  vertical press with  force   200 t at  r.poed  of trav<  ; 
of mobile  cross arm around  250 mm/s;   elongation coefficient  was 
14,

C
J.     Longitudinal  folds were not  observed  with this,   and  ;;hall<-, 

tranr.vt'rse  ripples  remained  only at the  peak of the webs   (Fig.   '.' 

Fig.   5.     Thin-wailed 
T-shape,   extruded with 
the application of 
glass  lubricant  in 
the  form of suspension 
coating,   rounding up 
and washers. 

For alloy VT5-1 not one of the tested compositions could be 
recognized as  optimum because of the  large number of defects  on the 
surface of the article,   although the  latter remains completely 
covered by a  layer of glass.    More acceptable were glass No.   l85v — 
for suspension coating.   No.   295a - for rounding up and No.  295apv - 
for die washers. 
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( o) VNII M TMASH in conjunction with the State Institute for Glass 
and the f'tupinskiy t-letallurgieal Combine investigated the lubricatj nr. 
properties of several glasses in extruding VT1-1 titanium and 
OT - 0 , V1'3-1 and V'I'5-1 ti taniwn alloys. Degreased alloy specimens 
wer e dipped in a suspension of glass powder (0.07 nuu particle size) 
nti xe vrith water and water glass with a density of :l.B-2 g/cm (supe r-
·cript 3) and dried in air. The coa ings ob l ained were 0.5-0.8 mm 
thick . Rest results in extrusion of V'I.'1-1 and OT4-0 were obtained 
:lth No . 295 g lass and in extrusion of VT3-1 and VT5-1 with No • 

. L85v g lass. 

I 

' L---------------------------------------------------------------------------usc : 0 ~:' • • 


