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A N T I F R I C T I O N  P R O P E R T I E S  O F  A V K 1 5  A L L O Y  

C O A T I N G  A P P L I E D  BY T H E  D E T O N A T I O N  M E T H O D  

T O  V T 5  A L L O Y *  

V.  N. G o l ' d f a i a ,  E .  A .  A s t a k h o v ,  
A .  I .  Z v e r e v ,  a n d  V.  P .  L u k i a a  

UDC 621.793.7 

Ti tanium and its a l loys const i tute an important  group of cons t ruc t ional  m a t e r i a l s .  Ti tanium al loys 
pos se s s  good r e s i s t ance  to c o r r o s i o n  and s t r e s s  co r ros ion ,  show no tendency toward cold b r i t t l eness ,  a re  non- 
magnet ic ,  and have a number  of other  a t t r ac t ive  phys icomeehaa ica l  c h a r a c t e r i s t i c s ,  and a r e  thus ma te r i a l s  
c h a r a c t e r i z e d  by an unusual combinat ion of p rope r t i e s .  

However ,  the marked  propens i ty  of t i tanium and its a l loys  toward contact se izure  during rubbing r e s t r i c t s  
the extent to which they can be employed in f r ic t ional  units of mechan i sms  and machines .  For  improving  the i r  
ant i f r ic t ion p rope r t i e s  many methods have been developed, which may be b road ly  divided into th ree  groups: 

1. Diffusional s t rengthening of rubbing su r faces  (accompl ished by impregnat ing  the sur face  l aye r s  of 
pa r t s  with oxygen, nitrogen, boron, carbon,  si l icon, etc.) .  

2. Applicat ion of meta l  l ayers  to rubbing su r faces  by e lec t ro ly t ic  and chemica l  methods,  deposition f rom 
vapor  phases  and mel ts ,  and the like. 

3. Facing with hard al loys and appl icat ion of coatings by h igh - t empera tu re  sp ray ing  p r o c e s s e s .  

In [1, 2] it is shown that of all  the known methods of sur face  s t rengthening of t i tanium and its a l loys the 
most  effect ive and s imples t  is t he rm a l  oxidation (surface  impregnat ion with oxygen), which enables s t rengthened 
l aye r s  up to 100-~ deep to be obtained. However ,  such l aye r s  opera te  sa t i s f ac to r i ly  only in f r ic t ional  pa i r s  
composed  of d i s s i m i l a r  m a t e r i a l s ,  when one of the pa r t s  is made of an oxidized t i tanium al loy and the other  of 
an ant i f r ie t ion alloy. The operat ion of f r ic t ional  pa i r s  both components  of which a r e  made of oxidized t i tanium 
is unsa t i s fac to ry  because  of apprec iab le  wear ,  the max imum path length at ta inable  varying,  depending on the 
load, f rom some hundreds of m e t e r s  to a few k i lome te r s .  It should be noted that in c o r r o s i v e  envi ronments  it 
is not a lways poss ib le  to employ  d i s s i m i l a r  a l loys in f r ic t ional  pa i r s ,  because  the p r e sence  of t i tanium intensi -  
fies the contact  co r ro s ion  of bear ing  m a t e r i a l s .  Apar t  f rom this,  the r e l a t ive ly  sma l l  depth of s t rengthened 
oxidized l aye r s  and the fact that the i r  hardness  sha rp ly  falls and bear ing  quali t ies de te r io ra te  with inc reas ing  
dis tance f rom the su r face  prec lude  such finishing operat ions  on oxidized pa r t s  as machining or grinding. All 
these  fac to r s  l imit  the useful life of r e a l  units and m e c h a n i s m s  made of such ma te r i a l s .  In this connection, in 
the p resen t  work a s tudy was made of the f r ic t ional  s e rv i ce  p e r f o r m a n c e  of VK15 ha rd -a l loy  l aye r s ,  which a re  
free f rom the above-ment ioned  drawbacks  of oxidized l aye r s ,  applied by the detonation p roces s  to VT5 alloy.  

Coatings were  applied using the appara tus  and p rocedure  developed at the Detonation Spraying Resea r ch  
Section of the Leninskaya Kuznitsa Centra l  Design Bureau [3, 4]. Coatings of 0 . 4 - m m t h i c k n e s s  adhered to the 
base  meta l  with a s t rength of 13-20 k g f / m m  2. The coating thickness  on spec imens  a f t e r  diamond grinding was 
0.15-0.25 mm. The su r faces  had a Class 8-9 finish. The ant i f r ic t ion p rope r t i e s  of the VK15 ha rd -a l loy  coatings 
were  invest igated in a Model B point f r ic t ion machine designed at the Leningrad Polytechnic Institute (a modi-  
fied ve r s ion  of P r o f e s s o r  A. K. Z a i t s e v ' s  design). In this machine rubbing took place between the end face of a 

*VK15 is a WC + 15% Co ha rd  al loy and VT5 is  a Ti + 4.0-5.5% A1 ahoy;  Br .OF10-1 ,  also r e f e r r e d  to in this  
a r t i c le ,  is a Cu + 10% Sn + 1% P bronze  - T rans l a to r .  

Leningrad.  Kiev. T rans l a t ed  f rom Poroshkovaya  Metal lurgiya,  No. 1(193), pp. 81-84, January ,  1979. 
Original  a r t i c l e  submit ted  March 24, 1978. 
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water Spindle Dry water 

oil .fric- 
tion 

Fig. 1. Compara t ive  wear  r e s i s t a n c e  data 
f o r  var ious  f r ic t ional  pa i r s  (c rossha tched  
a r e a s  r e p r e s e n t  min imum values):  1) de -  
tonat ion-deposi ted  VK15 coating; 2) VT5 oxi-  
dized a t  800~ for 1 h; 3) VT5 oxidized at  
850~ for  5 h; 4) Br .OF10-1 .  

5 2 - m m  o.d. x 3 2 - m m - i . d . x  8 - r a m - b i g h t i n g  and three  5 - m m  d iame te r  x 14 -mm-h igh  pegs  mounted in a spec ia l  
disk. In the rubbing expe r imen t s ,  c a r r i e d  out at a speed of 0.2 m / s e e ,  p r e s s u r e s o f u p t o  500 k g f / c m  2 were  e m -  
ployed. As lubr icants ,  mains water  and spindle oil were  used; some dry  t e s t s ,  in which no lubricant  was sup-  
plied were  a lso  conducted.  Before  tes t ing,  the rubbing su r faces  were  run- in  under  p r e s s u r e s  r i s ing  s tepwise 
to the level  at  which tes t ing  was to be p e r f o r m e d .  Running-in was stopped a f t e r  contact  was es tab l i shed  on 80- 
90% of the a r e a  of the rubbing sur face .  

Specimen wear  was measu red ,  us ing an IZV-2 ve r t i ca l  c o m p a r a t o r ,  with an a c c u r a c y  of -~ 0.1 # a f t e r  
running- in  and a f t e r  each k i lomete r  of rubbing path. Wear  was a s s e s s e d  by measu r ing  its intensi ty I h and d e t e r -  
mining the wear  indicator  p roposed  in [5], 

V Ah 
I 0 = - ~ 7  L- or I ~  

where  V is the volume of m a t e r i a l  worn away (cm3), N the normal  load (kgf), L the length of f r ic t ional  path (cm), 
q the p r e s s u r e  (kgf/em2), and Ah the l inear  wear  (cm). 

As par t  of the tes t  p r o g r a m  de te rmina t ions  were  made a lso  of the dynamic coeff icients  of fr ict ion of rub -  
bing pa i r s .  The r e su l t s  obtained, which a r e  given in Table  1 and Fig. 1, were  compared  with data yielded by 
e a r l i e r  t e s t s  on pa i r s  both e lements  of which were  of oxidized VT5 al loy and pa i r s  of e lements  made of d i s -  
s i m i l a r  ma te r i a l s  - oxidized VT5 a l loy  and a high-t in bronze,  Br .OF10-1 .  

As can be seen  f rom the t es t  r e su l t s ,  the wear  r e s i s t ance  of a sp rayed  VK15 al loy coat ing in a s i m i l a r -  
meta l  f r ic t ional  pa i r  opera t ing  with wa te r  lubr icat ion is 50-150 t imes  higher than that of a s i m i l a r - m e t a l  oxi-  
dized t i tanium pa i r ,  and its dynamic coefficient  of f r ic t ion is 33-50% lower. Charac te r i s t i ca l ly ,  such a pa i r  has 
a l so  a g r e a t e r  p e r f o r m a n c e  capac i ty  during the whole per iod of opera t ion to the total  wear  or  d i s in tegra t ion  of 
the r e in fo rc ing  layer .  A s s e s s e d  as the product  of p r e s s u r e  and length of f r ic t ional  path to dis integrat ion,  for  
a s i m i l a r - m e t a l  pa i r  of oxidized t i tanium opera t ing  with water  lubr icat ion the pe r fo rmance  capaci ty  coefficient  
is C= qL=  10-20 kgf /cmZ-km,  while for a s i m i l a r - m e t a l  pa i r  detonat ion-coated with VK15 alloy C = 5000-10,000 
kgf /cmZ-km,  which is 250-1000 t imes  higher.  

Compar ing  a s i m i l a r - m e t a l  pa i r  coated with VK15 al loy with a d i s s i m i l a r - m e t a l  pa i r  consis t ing of oxi-  
dized VT5 al loy and bronze ,  it will be seen  that the wear  r e s i s t ance  of the f o r m e r  is a lmos t  an o rder  higher 
than that of the la t ter ;  the dynamic coeff ic ients  of fr ict ion of both pa i r s  a r e  s im i l a r .  

Lubricat ion with spindle oil app rec i ab ly  improves  rubbing conditions, affect ing both the extent of wear  and 
the coefficient  of f r ic t ion (see Table 1 and Fig. 1). In this case  the di f ference in wear  between the fr ic t ional  

65 



pai r s  under cons idera t ion  diminishes ,  but here ,  too, the wear  res i s t ance  of a VK15 coating in a s im i l a r -me ta l  
pa i r  and of t in bronze in a d i s s i m i l a r - m e t a l  pair  is an o rd e r  higher than that of oxidized metal  pa i r s ,  while the 
coeff icients  of f r ic t ion  are  e i ther  s imi la r  (in the d i s s i m i l a r - m e t a l  pair)  or some 33% lower (in the s im i l a r -  
meta l  pair) .  

In d ry  f r ic t ion tes ts ,  because of the high t e m p e r a t u r e s  generated,  the load was r e s t r i c t e d  to 25 kgf /cm 2, 
at  which the wear  r e s i s t ance  of the s i m i l a r - m e t a l  pair  coated with VK15 al loy proved to be two o rde r s  higher 
than, and the coefficient  of f r ic t ion twice as high as,  those of the pair  composed of oxidized VT5 al loy and 
BrOF10-1  bronze.  

Thus, the investigation has shown that the application of ~ detonat ion-deposi ted VK15 alloy coating sharply  
inc reases  the pe r fo rmance  capaci ty  of t i tanium and its al loys in fr ic t ional  units (by one to two orders)  and can 
t he r e f o r e  be r ecommended  for adoption ia actual  industr ia l  units. 
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4. 

5. 
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