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In the pract ice  of gasdynamic experimentat ion,  wide use is made of a method for  obtaining an adiabati-  
ca l ly  compres sed  gas by the braking of a previously acce lera ted  piston. Wi th th i sp roeess ,  the r e q u i r e d p a r a m -  
e t e r s  of the compres sed  gas are  usually obtained only in the final stage of the motion, constituting only a 
smal l  par t  of the total path of the piston. The  recoi l  of the piston after  the compress ion  cycle  takes place in 
ve ry  short  t imes,  which sharply d e c r e a s e s  the t ime of the existence of high pa ramete r s  of the gas, and leads 
to a need to build special  valve devices  to prevent  the back-flow of gas f rom the fo rechamber  [1]o Such mult i -  
valve sys t ems  have a low rel iabil i ty,  since,  by vir tue of the requi rements  for a smal l  lag and large flow- 
through c r o s s  sect ions,  t he  number of such valves reaches  severa l  tens; in addition, these valves work under 
conditions of high p r e s s u r e s  and t empera tu res ,  as  well as under the conditions of a s t rong co r ros ive  action if 
a chemical ly  act ive gas is used as a working body. 

Basically,  the problem of holding the gas can be solved using a wedge-shaped piston, whose construct ion 
is descr ibed  in [2]. Application of this invention in actual  pract ice  is bound up with a need to calculate the 
distr ibution of the radial  s t r e s s e s  in the shaft, which depend both on the geometry  of the piston and the maxi-  
mal  p ressu res ,  obtained in the, unit, as well as on the conditions of the shaft. 

The present  ar t ic le  descr ibes  a method for  such a calculation and gives its resul ts .  

The wedge-type piston (Fig. 1) consis ts  of a plunger 1, sealing rings 2, and the wedges 3 with plastic 
rings 4. The piston is acce lera ted  in the shaft 5 by a gas,  s tored in the tank 6 af ter  the section of the disk 7. 

The middle par t  of the plunger consis ts  geometr ica l ly  of one or  severa l  truncated cones with the half- 
angle! a at the apex, having inverted large bases toward the side of the compressed  gas. In the cavity between 
the shaft and the plunger there are  wedges,  consis t ing of s leeves cut along the radius,  whose inner surface is 
conica l  with the same angle ~ ,  and provided with an antifriction coating. The angle a and the angles of slip 
B i and ~ z, cor responding to the coefficients  of fr ict ion at the inner and outer  sur faces  of the wedge, sat isfying 
the relationships ,32-/31 > a and ~ 2 > 2fl 1~ Prac t ica l ly ,  a =5 ~ which a s su res  wedging of the piston at the mo-  
ment of its stopping. 

The piston, together  with the wedges,  is prevented f rom moving back by the forces  of fr ict ion at the 
shaft, constr ict ing the, compres sed  gas. In this case ,  on the side of the wedges, the shaft is acted on by the 
radial  load, whose distr ibution along the genera t r ix  fo rms  the subject of the proposed calculation. Solution of 
this problem makes it possible to find the dependence of the maximal  value of the radial s t r e ss  g r  on the 
p res su re  of the compressed  gas and the geometr ic  cha rac t e r i s t i c s  of the piston, which permits  optimization 
of its construction. 

In accordance with [3], in the case  of a stepwise distr ibution of the radial  load on a shaft with an inner 
radius a and outer radius b, the deviations f rom the Lain4 formulas  are  insignificant if the axial distance l 
f rom the point of the jump is g rea t e r  than 2r 

At the leading part  of the piston, the jump in the s t r e s se s  is insignificant, since the contact  s t r e s s e s  at 
the wedges are  usually close to the p res su re  of the gas. A jump in the load at the r e a r  leads  to a red is t r ibu-  
t ion of the forces  at the trail ing par t  of the piston, but this redis tr ibut ion can be made smal l  by an appropriate  
profiling of the shaft or  by the installation of a disconnecting flange. 

For  actuation of the sys tem of wedges it is n e c e s s a r y  that the radial dimension of a wedge exceed 
the difference of the radial deformations of the shaft and the plunger; this dimension can be ra the r  small .  This 
makes it possible to approximate the real  s t r e s s e s  by continuous functions and to neglect deformations of the wedges. 
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We shall regard  the wedge-type piston as an ordinary  plunger, stopping in the shaft at the end of the com-  
press ion  cycle  of the gas; under these c i r cums tances ,  in the stoppered part  with a length h, for  the s t r e s se s  the  
equalit ies a re  fulfilled: 

a2dap = 2a tg ~zar = --(b 2 - -  a2)d%, (1) 

where as(X) and ~p(X) a re  the fully established distr ibutions of the axial s t r e s ses  at the shaft and the piston. 
The total l en~h  of the unloaded piston is L =h +l . 

The relat ive e and absolute u radial  deformations of the shaft and the piston satisfy the equations [3] 

i 2a~t 
q =  -U% +(b~_~2)E  e~' 

a [ b 2 + a = "~ ~ a  
u~ = - T  ~ , ~ =  + ~) a ~ - T  ~ '  

t 2~t 
ep ~ T (~P -- -E- ~ 

a 

up = --n-- (t -- ~) ~ -- ~ ~p. 
(2) 

The sys tem is closed by the equation of the eompatabili ty of the absolute radial  and axial deformations 

(~ - = I )  - ( ~ p  - ~ I )  = ~ + ,1 (~= - ~~ e~ - .f (~p - 4 )  ~ t~  ~. 
0 0 

(3) 

The supersc r ip t  0 denotes the~parameters  of the s t ressed  state,  corresponding to the s tar t  of the wedging pro-  
cess ;  6 is the value of the d isplacement  of the r e a r  end of the piston with respect  to the shaft af ter  wedging. 

Let us determine the form of the functions denoted in Eq. (3) by the supersc r ip t0 .  If we neglect the value 
of the p re s su re  of the gas in the tank in compar i son  with the p res su re  of the compressed  gas,  then, at the initial 
moment  of wedging, the axial s t r e s se s  in the piston in the segment 0-<x-<h are  given by a l inear  dependence 
(the piston is assumed to be homogeneous over  the c ros s  section; the radial  dimension of the wedges is neglected) 

% ( = )  = =. (4) 

285 



or  s~ and u ~ we have 
P P 

: B ~ = - - ~ L L  x, u ~ =  FaP-  - ~ z  ~ .  ( 5 )  

0 is uniquely determined,  since it depends on the The value of the initial axial s t r e s s e s  in the shaft a s 
cons t ruc t ion  of the unit, the conditions of the at tachment  of the shaft, and is given by the inert ial  loads in the 
sect ion of the shaft0 -<x-<h at the moment  of the wedging of the piston. The length of the shaft exceeds by at 

0 in the segment  0 - x - < h  as an leas t  an o rde r  of magnitude the length of the piston, which permits  regarding a s 
approximate ly  constant  quantity. 

T h e m a s s  of the shaft is much g r ea t e r  (by at least  two o rde r s  of magnitude) than the mass  of the piston. 
If it is assumed that the "infinite" mass  is concentrated in the region x> h (the center  of mass  is ahead of the 
wedging piston}, then, a0 ~ 0; if the main mass  of the unit is concentrated in the region x< 0 (the center  of mass  

�9 s 
a ~ 

i s  located behind the Piston), then a ~ ~ b 2 _ ~  p. 

a s 
In real  cases ,  there  a re  different values of the initial s t r e s s  in the shaft within the l imits 0 ~< os ~ ~< bS_---~ p. 

Af ter  the introduction of dimensionless  pa ramete r s  and constants,  differentiation of Eq. (3) and substi-  
tution of (1), (2) into it, taking account  of (4), (5), leads to an inhomogeneous l inear  differential  equation 

d2~l~ V s 

d~ 

with the boundary conditions 7rp(0)=0, rp(1)  = - 1 ,  where 

..... htgcc Ltgc~ 
= x/h; ~Zp= ~p/p; "f = - - 7 - ;  ~'= a ; p 

The solution of this equation is the function 

7[  sh 7~ sh 7~ 

af te r  whose substitution into (1) we obtain analogous formulas  for  the distr ibutions of the dimensionless  radial  
(Tr r = a r / p )  and axial (Trs=%/p) s t r e s s e s  in the shaft 

n r (~)=  t--~ls P" -4-~ chT~- -ch?( l - -~ )+  2sh ' 
T ' sh ? sh 7 V ? 

~s(~)=~  2 + ~  1 s h v ~ + s h v ( l - - ~ ) -  V__/shT~ __~ .~ _~s sh 
sh7 ~ ~ sh7 I ? 

For  the fu r the r  analysis ,  the distr ibution of the radial  s t r e s se s  ~rr($ ) is of great  interest .  In the interval  
0 between zero and f12/(1-f12) under  considerat ion 0-< ~ -<1, with real  values of the constants and a value of rr s 

in the whole extension of the wedging sect ion 7r r(~ ) < 0, the maximal  values of the radial  s t r e s se s ,  depending 
on the initial condit ions,  a re  attained in one of the two, o r  at both ends of the wedging section, where 7rr(~ ) can 
be calculated using the formulas  

~r(1) = 2 .... ~.\~" + sh-"-"~ "-~- "~\ sh 7 shy' 

sh ? sh ? sh ~ " 

With an increase  in the length of the piston and a constant  p r e s su re  of the const r ic ted  gas, the value of 
the radial  s t r e s s e s  should dec rease ,  since the force  holding the piston is distributed in the grea tes t  length of 
the wedging section. As a calculation shows, however,  the value of the maximal  s t r e s s e s  does not become 
vanishingly small ,  but, as a resul t  of the redistr ibut ion of the load, i s  concentrated,  depending on the initial 
condit ions,  at one o r  both ends of the piston in the form of peaks which become na r rower  and nar rower ,  whose 
value with T--~176 dec rea se s  and, at the limit,  is determined f rom the relat ionships 

n T (t) -- t -- ~s (~0+t) ' ~r(0) , - ~  0 
- -  7 '  2 ~S" 
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Fig. 2 

It can be seen that the f i r s t  of these values is equal to -fi2/2 wi th loca t ion  of the center  of mass  ahead of the 

motion of the piston (~.o =0), and to zero with a location behind the piston ~ = ~ the second, on the con- 

t r a r y ,  is equal to zero  in the f i r s t  case ,  and to - f l 2 / 2  in the second case.  

The maximal  radial  s t r e s s  can be dec reased  by an appropriate  position of the center  of mass .  For  this, 
it is obviously necessa ry  to satisfy the condition rrr(0) =rrr(1), using which we can find the required initial s t r e s -  
ses  in the shaft using the formula  

or ,  with large values of y 

which cor responds  to the cen te r  of mass ,  located in the middle of the wedging section. In this case ,  the maxi-  
mal  s t r e s s e s  will be lowered by twice in compar i son  with a location ahead of o r  behind this section. 

Figure  2 i l lus t ra tes  the dependences rrr(} ) for  y =0.5, 1, 2,4, 8, 16;B =0.2 and 0.7; ~0 =0; fl2/2(1-/32),  
s 

/3V(1  - 32) .  

Previous  mode[invest igat ions.ofthe efficiency of the calculat ing sys tem were made in a device (h=L  = 
11.5 cm,  a --2 em. ,b=10  cm, a =5~ a scheme of which is shown in Fig. 1. 

The dimensionless  pa rame te r s  2,, Y, and/3 for  the above dimensions were equal, respect ively,  to 0.5, 
0.5, and 0.2. The value of 7 was special ly selected in such a way that the radial  s t r e s s e s  would have large 
values,  to verify the possibil i ty of holding the piston with a small  length. A calculation using the above formulas  
gives a maximal  value of the s t r e s se s  ~r(~ ) =1.02, i.e., approximately equal to the p ressu re  of the compressed  
gas. 

It  mus t  be reca l led  that the calculation was made for  the moment  when the pistion is completely 
stopped and has found an equilibrium position. It is obvious that during the wedging process ,  there is a certain 
"set t l ing" of the piston; therefore ,  depending on the volume of the compressed  volume, the p res su re  of the gas 
at  the end of the wedging p rocess  is decreased  to one degree or  another. Tests  of the sys tem in the above- 
descr ibed  model unit were made with values of the peak p r e s s u r e s  of 1500, 4000, and 8000 arm, The p res su re  
of the gas at the end of the wedging was, respect ively ,  around 1250, 2200, and 3700 atm. Several  tens of cycles  
were  ca r r i ed  out for  each p ressure ;  the sys tem worked without breakdowns. With work at a maximal  p ressure ,  
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i m p r e s s i o n s  a r o s e  at  the inner  su r face  of the shaft ,  i .e . ,  t r a c e s  of the p r e s s u r e  of the wedges.  The identity 
(visual) of the i m p r e s s i o n s  b e a r s  wi tness  to the uniformity  of the dis t r ibut ion of the s t r e s s e s .  

In another  model ,  a piston with a d i a m e t e r  of 50 m m  was used, having values of ~,  "/, and fl equal ap-  
p r o x i m a t e l y  to 0.9, 0.87, and 0.45, r e spec t ive ly .  The working p r e s s u r e ~ o f t h e c o m p r e s s e d  gas  was around 2000 
a tm .  The m a x i m a l  rad ia l  s t r e s s e s  in this case ,  accord ing  to the calculat ion,  around 1200 a tm.  

It mus t  be noted that,  in s e v e r a l  hundreds of cyc les  of work,  there  was no case  of breakdown of the sy s t em 
o r  of damage  to i ts  e l ement s .  

1, 
2. 
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A N A L Y S I S  O F  S T R U C T U R E  E L E M E N T S  T A K I N G  

A C C O U N T  O F  M A T E R I A L  D A M A G E  D U R I N G  C R E E P  

V.  A .  Z a e v  a n d  A .  F .  N i k i t e n k o  UDC 539.376 

Deformationsi  accumula ted  in the third s tage of  c r e e p  [1, 2] a r e  neglected in the ana lys i s  of s t ruc tu re  e le -  
m e n t s  in the ma jo r i t y  of c a s e s .  However ,  as  follows f rom an ana lys i s  of expe r imen ta l  r e su l t s  [3], some s t r u c -  
t u r a l  m a t e r i a l s  d i sc lose  quite de f i n i t e t h i rd  sec t ions  of c r e e p  even fo r  insignificant  de fo rmat ions  on the o r d e r  of 
1-2%. 

A s tandard  computat ion of the s t r e s s - s t r a i n  s ta te  for  this scheme and the s t rength  analys is  of the s t r u c -  
tu re  e l emen t s  under  c r e e p  condit ions do not take account  of the fact  [1] that cumulat ive  damage ,  which exe r t s  
subs tan t i a l  influence on the c r e e p  ra te  and re su l t s  in redis t r ibut ion  of the s t r e s s  field, p recedes  f r ac tu re .  

An ana lys i s  of v e s s e l s  s t r e s s e d  by in terna l  p r e s s u r e  is p resen ted  below, in which the c i r c u m s t a n c e s  noted 
above  a r e  taken en t i re ly  into account.  The s t r e s s - s t r a i n  s ta te  of the ve s se l s  and the lower  boundary of the f r a c -  
tu re  t ime  a r e  de t e rmined .  It is noted that  the elucidated method of solution is s i m p l e r  and more  effect ive in the 
vo lume  and complexi ty  of the calcula t ional  p rocedu re s  than the t radi t ional  methods [1]. 

Let  a uniformly heated v e s s e l  ( sphere ,  cyl inder)  be loaded by a constant  in ternal  p r e s s u r e  p with r e spec t  
to t ime.  The equi l ibr ium equations and boundary conditions have the fo rm [1, 2] 

aaJOr + k(a ,  - -  a~ )/r = O, a ~ r ~ b; (1) 

at(a) = - - p ,  at(b) = O, (2) 

where  a and b a r e  the inner  and outer  radi i ,  r e spec t ive ly ,  l~or a cy l indr ica l  ve s se l  k : l ,  while k = 2  for  a sp h e r i -  
ca l  ve s se l ,  and cr r ,  a m a re  the p r inc ipa l  s t r e s s  t enso r  components ,  which a r e  functions of the t ime and the co-  
ord ina te  r .  The remain ing  pr incipal  s t r e s s  a 0 equals a m [2] for  a spher ica l  ves se l  in the case  of cen t ra l  s y m -  
m e t r y ,  and az for  a cy l indr ica l  ve s s e l  is de te rmined  f r o m  the s tandard assumpt ion  about no c r e e p  in the axial  
d i r ec t ion  [1, 2]. 

The c r e e p  s t ra in  r a t e  t enso r  components  a r e  re la ted  to the d i sp lacement  veloci ty vec to r  components  by 
the known Cauchy re la t ions  [2], while the equation of continuity of the c r eep  s t ra in  ra te  has  the fo rm [2] 

a~l~ lar -{- (~l~ - - ~ r ) l r  - -  O. (3) 

We wr i te , the  s y s t e m  of equations desc r ib ing  all  t h ree  s tages  of m a t e r i a l  c r e e p  and taking account  of the damage  
p r o c e s s  in t ime  in the f o r m  [1, 4] 
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