
Analysis  of the data  plotted in Figs.  2 and 3 shows that the magnitude and nature  of change of the def lec-  
t.ton of the plate  depends on the shape of the wave format ion ,  the posit ion of the loading f ront ,  and its veloci ty.  
With i nc rea se  of veloci ty  v, the deflect ions d e c r e a s e .  

Fo r  t o > t , ,  assuming Qmn = 4, m = 1, 3, 5 . . . . .  n = l ,  3, 5 . . . . .  Qkj=16,  k = l ,  3, 5 . . . .  and j = 
1, 3, 5 . . . . .  and using the values  obtained fo r  Wren and W'mn as the s ta r t ing  values,  the fu r the r  change of 
deflect ion can be de te rmined .  
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FRACTURE OF CYLINDRICAL SHELLS BY 

PERIODIC SHOCK WAVES 
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It is well-known that in a closed tube, to one end of which is applied a sinusoidal  piston movement ,  non- 
l inea r  longitudinal osci l la t ions  or iginate ,  which in the vicinity of the natural  f requencies  t r a n s f o r m  to per iodic  
shock waves [1-13]. S imi la r  osci l la t ions or ig inate  during the unstable operat ion of the combust ion c h a m b e r  of 
engines [14-16]. In the exper imen t s  c a r r i e d  out up to now, the amplitude achieved 0036 bar  with an average  
p r e s s u r e  in the tube of 1 ba r  [4, 8, 13]. Forced a x i s y m m e t r i c a l  osci l la t ions of thin-walled shells  under  the 
action of per iod ic  shock waves inside their  cavi ty  have been studied in [17]. A re la t ive ly  good ca r ry ing  capac-  
i ty  is cha rac t e r i s t i c  of them. This is explained by the fact  that the osci l la t ions a re  accompanied by a p r e -  
dominantly s t r e t c h i n g - c o m p r e s s i o n  of the c r o s s - s e c t i o n  of the shell .  Moreover ,  exper iments  were  ca r r i ed  
out at f requencies  c lose  to the na tura l  f requencies  of the gas column Wk= kTra/L (in o r d e r  to produce  shock 
waves in the gas) and a x i s y m m e t r i e a l  osci l la t ions of the shell  ~i ~ ~20 ~ c / R  r emo te  f rom the natural  f requen-  
c ies .  Here  a and c a re  the propagat ion  velocit ies  of sound in the gas sad in the shell;  L and R are  the total 
length of the tube  and the radius  of the middle sur face  of the shell .  
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Fig. 1 

F o r  shells with the most  usual dimensions,  the la t ter  condition is always fulfilled. At present ,  there 
are  no piston machines with sufficiently high revolutions to be able to excite ax isymmetr ica l  oscil lat ions of 
the shell  predominantly of the radial type by the method being considered here .  

In the absence of ax isymmetr ica l  osci l lat ions,  the shell,  in the case of oscil lations with wave formation 
around the per iphery ,  is found to be ext remely  vulnerable to longitudinal waves of the gas in its cavity. As a 
resu l t  o fwave  formation,  fatigue c racks  of large amplitude form on the surface of the shell in all for  20-25 
cycles  af ter  the s ta r t  of the bending oscil lat ions (after knocking). After  severa l  cycles ,  the shell is completely 
crushed (Fig. 1). 

An  experimental  investigation of this phenomenon was ca r r i ed  out on an installation [17] which consists  
of an automobile engine with the head removed,  a dc electr ic  moto r  for  turning the crankshaf t  of the engine, belt 
dr ive,  and pulleys. The main tube, with a wall thickness of 3 mm and internal d iameter  2R = 82 ram, was 
attached to a cyl inder  of the engine. To its other  end, the thin-walled shell being investigated was joined by 
means of a special  coupling. To the end of the la t ter  was clamped a thick-walled end-plate.  The total length 
of the air  co lumnwas  3530 mm. The air  was at room tempera ture  before the s ta r t  of the experiment  and the 
p r e s s u r e  was 1 arm. The oscil lat ions in the air  column are c rea ted  by the movement  of the engine piston, with 
a stroke of 110 mm.  

Par t i cu la r  attention was paid to the accuracy  of manufacture  of the shells to be tested. They were turned 
out of Duralumin D16 on a screw-cut t ing  lathe. For  this, a special ly made mandrel  was used for reducing 
deformation during turning. The sur faces  of the shells after the lathe t reatment  were  subjected to fine polish- 
ing. The total deviation of the dimensions due to ovalicity,  conicity,  and eccentr ic i ty  did not exceed 0.015 mm, 
which amounts to less than 10% of the wall thickness.  Monitoring was car r ied  out by means of dial gauges with 
0.005 mm gradations.  A number  of shells were  prepared,  witha wall thickness of 0.19 to 0.25 mmo 

Measurement  of the p r e s s u r e  osc i l la t ions  in the gas was effected by means of piezoelectr ic  sensors ,  
installed at severa l  p laces  along the length of the thin-walled tube. Some of the sensors  were located close to the 
joint with the shell under test.  Signals f rom the sensors ,  after the U4-1 amplifier  (through its low-impedance 
output), were applied to an N-102 loop osci l lograph.  The frequency of the oscil lat ions was determined by means 
of an electronic frequency m e t e r  ChZ-24 with gradations of 1 Hz and controlled in parallel  by an F 5080 f re -  
quency me te r  with gradat ions of 0.1 Hz. The t enso- sensor s  for  recording  the deformations of the shell after the 
s tar t  of the bending oscil lat ions were put out of service  immediately,  in view of the high levels of the deforma-  
tions. The forms of the oscillations of the shell were determined by aa SKS-1 moving-pic ture  camera  (speeds of 
170 to 650 f r a m e s / s e c  were used). The shell was illuminated by two four- lamp i l luminators .  

A smooth inc rease  of voltage in the e lectr ic  motor  led to a smooth increase  of the engine revolutions and 
the frequency of excitation. The record  of the readings of the frequency me te r  and of the p res su re  sensors  and 
startup of the high-speed moving-pic ture  c a m e r a  were effeeted synchronously~ Up to an excitation frequency 
of 0.9 ~z 1, where wl is the lowest natural  f requency of the column of air  at which a kink occurs  on the curve in 
the p r e s s u r e  diagram,  the combined axisymmetr ica l  oscil lations of the gas and of the shell a re  descr ibed well 
by l inear  theory. With the appearance of the kink and discontinuities,  the p r e s s u r e  can be calculated only on the 
basis of the nonlinear equations of hydromechanics .  However,  the oscillations of the shell still a r e a x i s y m m e t -  
r ical ,  r emote  f rom resonance  oscil lat ions,  and can be descr ibed by l inear  equations. In this case ,  the inter-  
action between the a i r  and the shell is weak, so that the readings of the p r e s s u r e  sensor s  differ but little f rom 
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Fig. 2 

the readings in the case when the shell being tested is replaced by a thick-walled tube. F ina l ly ,  the instant 
a r r ives  when the s h e l l - g a s  sys tem loses  stabil i ty of the ax isymmetr ica l  forms of the oscil lat ions and several  
waves appear round the periphery~ 

Figure 2 shows the p ressu re  sensor  readings (left-hand column) and the moving-picture  f rames  of three 
positions of the shell for  a cycle of osci l lat ions (right-hand columns). F rom 4 to 15 photographs were produced 
for  each cycle of oscil lat ions;  here only photographs are shown which correspond to the instant of maximum de- 
flection inside (center column) and the instants when the shell is tending to assume a c i rcu la r  form.  The last 
cycle of oscil lat ions of the sys tem with axisymmetr iea l  shape is denoted by 0, after which follows cycle  1, when 
knocking of the shell occur red .  In all the shells tested, four waves appeared around the per iphery  and one half- 
wave along the length. The pattern up to cycle 9 remains approximately identical, and only the amplitud is 
increased.  F r o m  the instant of knocking a high-frequency component appears in the p res su re  diagram, and the 
amplitude has a tendency to some reduction. La te r  (cycles 16 and 23), a sharp folding takes place, which no 
longer  allows the shell to assume a c i r cu l a r  shape at specified instants .  In cycle 25, the appearance of c racks  
leads to a reduction of the p r e s s u r e  amplitude. Subsequently, the p re s su re  in the tube falls sharply (cycles 
38 and 145). We note that the maximum kink in the p r e s s u r e  curve reached 0.72 bar  on the equipment. 

These resul ts  r e fe r  to a shell with an average  thickness of 0.23 mm. The loss of its c i r cu la r  shape occurs  
at an excitation frequency of f ~ 42.5 Hz. In the next 25-30 cycles  it can be assumed to be unchanged. With 
reduction of the thickness of the shell,  distort ion occurs  even more  rapidly. Figure  3 shows moving-pic ture  
f rames  for  a shell with thickness 0.21 ram, where the wave formation has an even more  vigorous nature.  Here 
permanent  dents appeared on the sixth cycle and on cycle 25 there are already strongly developed cracks .  
Knocking appeared at about this excitation frequency,  and also above. 

Shells of Duralumin D16 with a wall thickness of 0.28 and greate~ did not lose stabili ty of their  c i r cu la r  
shape during numerous tes ts .  

It should be mentioned that there are considerable  difficulties in carrying out the tests descr ibed.  In 
cont ras t  f rom the investigation of the ax isymmetr ica l  form of oscil lat ions of the sys tem,  when the working con- 
ditions are within the scope of the principles  of safety techniques, f rom the instant of the f i rs t  knocking of the 
shell,  noise of an exceptionally high level appears .  Not only the equipment is subjected to intense vibration, 
but also the wails of the main th ree - s to r i ed  building, and it appears in the semibasement  in the foundations, 
insulated with concrete .  All this makes it difficult to c a r r y  out the necessa ry  measurements .  
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Fig~ 3 

At present ,  there is no theory for  the interaction between a shell and a compressed  liquid in the formula-  
tion considered here .  Individual at tempts (for example, in [18]) cannot claim to descr ibe  this experiment,  
charac te r ized  by s t rong nonlineari t ies  in the shell,  in the gas,  and at their  moving surface of contact. It can 
only be said that the number  of waves around the per iphery ,  corresponding to the minimum intr insic  significance 
of the problem concerning the stabili ty of a cylindrical  shell under the action of a static p r e s su re ,  is c lose  to 
the number  of waves which was obtained in the experiment .  F o r  shell mater ia l  with modulus of elast ici ty E = 
7.06 -10 i~ N /m 2, Poisson coefficient u = 0.3, density p = 2~77 k g / m  3, and dimensions R = 41 ram, l = 222 mm, 
and h = 0.23 mm,  according to the formula  in [18] 

n 6~ 21 i 1 - 7 :  l . ~ ~ ,  t ~ R/Z : :  -~.38. 

With a shell thickness of 0.21 mm,  the number  n = 4~176 Obviously, the effect of a ir  on the number  of waves n 
is small .  

The natural oscil lation frequency of the shell, corresponding to a form with a single half-wave along the 
genera t r ix  and with four waves around the per iphery ,  is equal to 218 Hz (for a thickness of 0.23 mm).  Its ratio 
to the frequency of excitation and, consequently, to the t ransmiss ion  frequency of the shock waves at which 
dynamic loss of stability occur red  (42.5 Hz) amounts to 5. This rat io is maintained also for  shells ~ t h  smal le r  
thicknesses .  It is  probable that the frequency of the nonlinear oscil lat ions followed after  each cyc leby  knocking, 
zones of depress ion ,  and exhaust i s  considerably less than the frequency of the l inear osci l lat ions.  In the ex-  
per iment  i t  was found to be equal to the excitation frequency (i.eo, 42.5 Hz}~ 
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STRESS CONCENTRATION NEAR AN INHOMOGENEITY AND 

EXPERIMENTAL CLARIFICATION OF THE COUPLE-STRESS 

EFFECT 

Y a .  M.  S h i r y a e v  UDC 539.30 + 620.171.5 

Following the fundamental  papers  [1-3], many  authors have recent ly  exer ted  cons iderable  effor ts  
to develop a new mechanics  of themie rocon t inuum in which d i sp lacements  of mic roe l emen t s  a re  
taken into account.  To apply these  theor ies  it  is requi red  to de te rmine  a suff icient ly l a rge  quan-  
tity of new elas t ic  constants .  The effects  which appear  because  of taking account of the m i c r o -  
e lement  d i sp lacements  have  been examined theore t ica l ly  by a n u m b e r  of authors .  However ,  there 
is quite l i t t le  exper imenta l  work in ~hich the effect  of this accounting would be explained and 
new elas t ic  constants  would be de te rmined  in ma te r i a l s  [4-6]. The purpose  of the p r e s e n t  pape r  
is to c la r i fy  the effect  of the influence of couple s t r e s s e s  on s t r e s s  concentrat ion n e a r  an inhomo- 
geneity in the case  of plane s t r a in  by the expe r imen ta l  method of photoelasticityo 

S t ress  concentra t ion n e a r  a c i r c u l a r  cy l inder  of radius  a exact ly coincident with a cavi ty  and imbedded 
in an infinite medium (str ip) ,  which is subject  to the action of a uni form load p at infinity, is  considered.  The 
c i r cu l a r  cyl inder  (inhomogeneity) and the ex te rna l  medium have different  e las t ic  cons tants :  the shea r  modulus 
and Poisson  ra t io  G1, vl  and G2, ~ ;  l 1 and l 2 (new e las t ic  constants  introduced by the c o u p l e - s t r e s s  theory of 
e las t ic i ty) ,  r e spec t ive ly .  

Let  us take an r ,  0 polar  coordinate  s y s t em.  Let  O'r, ~r 0, Tr0, V'0r denote the s t r e s s  t ensor  components 
and Pr,  P0, the c o u p l e - s t r e s s  tensor  components .  

T a k i n g  the s t r e s s  function in the f o r m  f rom [2] and fo rming  the boundary, conditions of comple te  contact  
on the contour  of the inhomogenei ty (at r = ct), we find the solution for  s t r e s s e s  according to the c o u p l e - s t r e s s  
theory  of e las t ic i ty  [1, 2], which is obtained in closed fo rm in t e r m s  of the modif ied Besse l  functions I and K. Ac-  
oording to the c l a s s i ca l  theory in which c o u p l e - s t r e s s e s  a re  neglecte~,  the solution is  obtained by a passage  
to the l imi t  when l 1 = 12 = 0. 
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