
AN U L T R A H I G H - P R E S S U R E  P R E S S  

Y u .  I .  F a d e e n k o  UDC 539.893:62-987/-988 

The principle of the strengthening of mater ia ls  at increased density (bulk strengthening) is 
r e f e r r e d  to in [1] as  a general  principle of the action of ultrahigh p ressu re  p resses .  An 
analysis  of a special  scheme for a spherical  press  shows that the increase  in p r e s s u r e  to-  
ward the center  of the p ress  is re la t ively  slow and therefore  doubt is r a i sed  in [1] as  to the 
possibil i ty of producing megabar  static p r e s su re s  in any significant volume. In the present  
paper we solve the problem of the state of s t ress  in a sphere of bulk-s t rengthened mater ia l  
cor responding to an ext remely  fast  increase  in p res su re  toward the center  of the p re s s .  As 
r - -  0 the asymptotic  law p ~ r - #  holds. Theoret ica l  es t imates  and a collection of exper i -  
mental  data show that at high p r e s su re s  0.15 - ~ - 0.75 for typical mater ia ls .  However,  
for a number of mate r ia l s  in cer ta in  p res su re  ranges  values of ~ ~ 1 are  noted. The a l t e r -  
nation of layers  of appropria te ly  selected mater ia ls  makes it possible to maintain megabar  
p r e s su re s  in a spherical  p r e s s  in technically acceptable volumes.  

We consider  the problem of the state of s t ress  in a spherical  p res s  cor responding  to an ex t remely  
rapid increase  of p re s su re  toward the center  of the p ress  in general  form,  i.e., without any r e s t r i c t ions  
peculiar to the specific technical schemes,  

The equation of the equil ibrium of s t r e s s e s  in spherical  coordinates  r ,  ~, O for cent ra l  s y m m e t r y  has 
the form 

0%r 2 (%r -- c~) 
= O, (1) 

Or ' ?" 

where 

0 0 0  ~ 0 ~  ~ " [ r~  ~ T ~ 0  ~ - T 0 r  ~ 0 .  

Suppose the Mises yield c r i te r ion  is satisfied: 

o , I i o 
((~r - -  %~)- ~ ( ( ~  - -  %0)" + (%0 - -  %~)" -~' 6 (~v ~ T20 -7 T~) = 6Y", 

then the condition-Y4-3 -~- ((rq~0- qrr)  - Yv'3-must be satisfied, where the inequality sign corresponds to 
the elastic state of the material and the equality sign, to the plastic state. The maximum rapid rise ,of 
pressure toward the center of the press occurs for 

~ - -  ~ = : Y I  3.  (2)  

Ordinari ly,  it is assumed that Y = const;  then for condition (2) the solution of (1) has  the form 

p = p. + 211-~r ln -~ ,  (3) 
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�9 whe re  P0 is the hyd ros t a t i c  p r e s s u r e  in the m a t e r i a l  at  the su r f a c e  of the p r e s s ,  r e l a t e d  to the r a d i a l  s t r e s s  
a 0 at  the su r face  by the equa t ion  

po = - s - Y I S + ,  (% > - V3Y) ,  

and r 0 is  the r a d i u s  of the p r e s s .  It fol lows f r o m  (3) that  as  r - -  0 the p r e s s u r e  i n c r e a s e s  indef in i te ly ,  but  
this  i n c r e a s e  is too slow and cannot  be used  in p r a c t i c e  to obta in  u l t r ah igh  p r e s s u r e s .  

We l i m i t  o u r s e l v e s  to a l i n e a r  law of bulk s t r eng then ing :  

Y(p)= Yo + ap, (4) 

s ince  any  funct ion  Y (p) can  be r e p r e s e n t e d  with suf f ic ien t  a c c u r a c y  in b r o k e n  l ine  f o r m .  Under  condi t ion  
(4) the so lu t ion  of (1) has  the f o r m  

Yo-}-uP ___ ( ~ ) ~ ,  (5) 
Yo -- ~Po 

whe re  

~t= 3@293cz " 

At v e r y  high p r e s s u r e s  (p >>Y0/a) 

An e s t i m a t e  of the o r d e r  of magn i tude  of a for typ ica l  so l ids  a t  v e r y  high p r e s s u r e s  can be obta ined 
by t ak ing  accoun t  of the fac t  that  the d i s loca t ions  a r e  p inned by the b a r r i e r s  and the s t r eng th  of the m a t e r i -  
a l  m u s t  approach  the t h e o r e t i c a l  va lue ,  

G E 
Y = T .  = ~ '  

where  G is the shea r  modulus ,  E is Young ' s  modulus ,  and  u is  P o i s s o n ' s  r a t i o .  The magn i tude  of the coef -  
f i c ien t  of p ropo r t i ona l i t y  k depends on the con t r i bu t i on  of the c e n t r a l  b i n a r y  i n t e r a c t i o n s  to the b ind ing  en -  
e rgy;  at  ze ro  p r e s s u r e  k ~ 30 for  tungs te  n and  m o l y b d e n u m  k ~- 10 [2]. As the c o n t r i b u t i o n  of the c e n t r a l i n t e r -  
a c t i ons  i n c r e a s e s ,  the va lue  of v app roaches  the l i m i t i n g  va lue  v = 0.25 [3]. F o r  a m a t e r i a l  with a ze ro  

i s o t h e r m  

= a [ ( - - 0  d P L\ p0 / ] 

the r e l a t i o n s  

E = 3 n ( t  2v) (p+A), 
3n t -- 2v 

Y =  2k ~ ? ~  (p .mA). 

a r e  val id .  Thus ,  

3n 1 -- 2v 
--~ - -  ( 6 )  2k I :- v 

In the r e g i o n  of m e g a b a r  p r e s s u r e s  n ~ 3-5 [4]. Set t ing n = 3 - 5 ,  k = 1 0 - 3 0 ,  v = 0 . 2 5 - 0 . 3 3 ,  f r o m  (6) we 
obta in  

~'~ 0.04 -- 030, ~t ~-~ 0.14 -- 0,77. 
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T A B L E  1 

Material 

P yrophillit e 
lump. 
pow~ler 

Lithium 
Steel 45 
Tungsten 
Copper 1B 

Copper, pure 
Copper 
Lean 
Boron carbide 

0,47 
0,25 
0,275 
0,5 
0,33 
0,056 
0,33 
0,0t6 
0,165 
0,09 
0,4 

Pressure 
range, 
kbar 

10--40 

50--100 
400--500 
109--175 

0--25 
50--100 
50--t50 
10--40 
20 
25 

Source 

VI 

P] 
i61 

P] 
P1 
[q 
l'] 
i '!  
[71 

T h i s  e s t i m a t e  i s  in good  a g r e e m e n t  wi th  the 
t h e o r e t i c a l  va lue  a ~ 0.1 fo r  an  idea l  f cc  l a t t i c e  [5]. 

We c o m p a r e  the  e s t i m a t e s  ob t a ined  wi th  the  
known e x p e r i m e n t a l  da ta .  F i g u r e  1 shows  Y as  a func -  
t i on  of p fo r  two k inds  of  s t e e l  (1, St  45; 2, 2KhlSN9)  
ob ta ined  in [6]; i t  i s  c l e a r  f r o m  t h e s e  da ta  tha t  a s  the  
p r e s s u r e  i n c r e a s e s ,  a i n c r e a s e s  to a p p r o x i m a t e l y  0.5 
and  at  0.5 M b a r  i t  s h o w s  no t e n d e n c y  to  s t op  i n c r e a s i n g .  
T a b l e  1 l i s t s  v a l u e s  of a for  a n u m b e r  of  m a t e r i a l s  a t  
h igh  p r e s s u r e s .  T h e s e  da t a  a r e  in good  a g r e e m e n t  
wi th  e s t i m a t e s  (7), but  fo r  c e r t a i n  m a t e r i a l s  a n d  p r e s -  
s u r e  r a n g e s  the  v a l u e s  of  a and  ~ a r e  c o n s i d e r a b l y  
a b o v e  t y p i c a l .  

The  fo l lowing  c o n c l u s i o n s  can  be  d r a w n  f r o m  the  above :  the  a l t e r n a t i o n  of l a y e r s  of p r o p e r l y  c h o s e n  
m a t e r i a l s  m a k e s  i t  p o s s i b l e  to m a i n t a i n  a s t a t e  of  s t r e s s  in a s p h e r i c a l  p r e s s  wi th  a r a p i d  i n c r e a s e  in 
p r e s s u r e  t o w a r d  the c e n t e r ;  m e g a b a r  p r e s s u r e s  can  be  m a i n t a i n e d  in p r a c t i c a l l y  a c c e p t a b l e  v o l u m e s .  We 
i l l u s t r a t e  t h i s  c o n c l u s i o n  by a n u m e r i c a l  e x a m p l e .  L e t  Y0 = 10 K b a r ,  ur ~=0 ,5 ,  ~ ~ t ,1,  Yo+c~p0= 
317o/(3 - -  a}.rg) ~ 14,t k b a r ,  (r 0 = - 2 4 . 4  k b a r .  Then  fo r  r = 0.01 r 0 a p r e s s u r e  of  abou t  4.5 M b a r  i s  m a i n -  
t a i ned .  

In connec t i on  with  the  p r o b l e m  of  a p o s s i b l e  s p e c i f i c  s t r u c t u r e  of u l t r a h i g h  p r e s s u r e  p r e s s e s  we note  
t he  s c h e m e  of F ig .  2 which  w a s  po in t ed  out  to  the  a u t h o r  by  G. V. Ivanov .  In t h i s  s c h e m e  high  p r e s s u r e  i s  
p r o d u c e d  by  the e x t r u s i o n  of a p l a s t i c  f i l l e r  th rough  gaps  b e t w e e n  p y r a m i d a l  d i e s .  The  r a d i a l  d i s t r i b u t i o n  
of  p r e s s u r e  a r i s i n g  in th i s  f low i s  d e s c r i b e d  a p p r o x i m a t e l y  by  the equa t ion  

dp 2Y* 
dr h ' 

w h e r e  h (r) i s  the  wid th  of  the  gap  and  Y* (p) i s  the  p u r e  s h e a r  s t r e n g t h  of the  f i l l e r .  By an  a p p r o p r i a t e  
c h o i c e  of gap  i t  i s  p o s s i b l e  in p r i n c i p l e  to p r o d u c e  any  p o s s i b l e  s t a t e  of s t r e s s  in the p y r a m i d s ,  inch~ding 
the o p t i m u m  s t a t e  (5). 

A c y l i n d r i c a l  p r e s s  can  be  t r e a t e d  s i m i l a r l y ;  a p r o b l e m  c l o s e  to  the  one p o s e d  i s  s o l v e d  in [9]. 
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