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Up to the p r e sen t  t ime  there  have been a l a rge  number  of theore t ica l  invest igat ions of p a r a m e t r i c  v i b r a -  
t ions of round cyl indr ical  shel ls  [1, 4] and o thers .  Exper imenta l  s tudies have been made of the p a r a m e t r i c  
v ib ra t ions  of meta l l i c  and g l a s s - p l a s t i c  shel ls  [2, 6, 7]. 

The p r e sen t  a r t i c le  cons iders  the p a r a m e t r i c  instabi l i ty and the effect  of damping on the " threshold" of 
the p a r a m e t r i c  pe r tu rba t ion  of thin g l a s s - p l a s t i c  cyl indr ical  shel ls  having a high densi ty of the spec t rum of the 
natura l  f requency of the bending v ibra t ions .  

This  invest igat ion was under taken with the a im of c lar i fying the speci f ic  special  cha r ac t e r i s t i c s  of the 
p a r a m e t r i c  instabi l i ty of shel ls  made of g l a s s - p l a s t i c ,  a ma te r i a l  which is cha rac t e r i zed  by the inhomogeneity 
of its mechanica l  p r o p e r t i e s  and i ts  g r e a t e r  abil i ty to absorb  v ibra t ions  in compar i son  with me ta l s  [5]. 

Invest igat ions  were  made of shel ls  (L = 0.6 m ,  d m = 0.32 m,  h = 0.510 -3 m),  one of whose edges was 
r ig idly  fas tened and played the ro le  of a b a s e ,  while the other  (upper) edge was f ree .  Studies were  made both 
of the pr inc ipa l  region of instabi l i ty  (PRI) and of secondary  region (side) of instabil i ty:  f i r s t  (SRI 1) and second 
(SRI 2). 

Figure  1 shows the expe r imen ta l  unit for  the invest igat ion of the p a r a m e t r i c  instabil i ty of cyl indrical  
shel ls .  The a t tachment  of the shell  co r r e sponds  to the following edge conditions: 

0w 
for x = c t = O ,  u = v = w = - j ~ - = O ;  

f o r x = l ,  and r162 N x = M ~ = M x ~ = Q x = O -  

Here  x is the dis tance of a point of the middle sur face  of the shell  f r o m  the base ;  u, v ,  and w a re  the d i s -  
p l acemen t s  of points of the middle  su r face  of the shel l ,  r e spec t i ve ly ,  in longitudinal,  pe r iphe ra l ,  and radia l  
d i rec t ions ;  M x and Mx3 a re  the bending and to rs iona l  momen t s  (torque),  r e f e r r e d  to a unit of length; N x is the 
no rma l  s t r e s s  at  the middle:' su r face  of the shell ;  ~ is the angular  coordinate  in a sys t em of cyl indrical  coord i -  
nates ;  Qx is the reduced  (in the Kirchhoff  sense) t r a n s v e r s e  in te rsec t ing  load; a = x/a; % =l/a; and a is the mean 
rad ius  of the shell.  

Fig. 1 
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The investigations were made in a g lass-p las t ic  shells with longi tudinal-  t r ansver se  windings. Specifi- 
cally,  a study was made of a shell,  obtained by the two- layer  winding of nonalkaline "Steklonite" No. 9, 6 on a 
special mandrel .  The direct ion of the f i laments in the inner and outer layers  coincides with the .gttide and the 
generat r ix  of the shell. The composit ion of. the binder used in prepar ing of the shells included ~D-6 epoxide 
res in ,  Bakelite lacquer A, and glue BF-4.  The shells were hardened at a t empera ture  of 150~ for a period of 
30 ho 

To assure  r igid attachment of the lower edge, the shell was inser ted into a round groove with a depth of 
10 mm and a width of 3 ram in an aluminum disk. Before this ,  the groove was filled with epoxide res in ,  after 
whose hardening the above edge conditions were  assured.  

The disk was fastened by bolts to the table of a D-10 electrodynamic v ibra tor ,  fed f rom a UPV-15 ampli -  
fier.  The amplitude and frequency of the vibrations were var ied  using a GZ-34 sonic generator .  The v ib ra -  
tional accelerat ions  were measured  on a PIU-1M piezoelect r ic  accelerat ion measur ing  inst rument ,  which had a 
PDU-1 accelerat ion pickup; the inst rument  was mounted on the table of the vibrator .  The frequency of the longi-  
tudinal and t r ansver se  vibrat ions with the onset of instability was measured  using strain gauges, an 8AN4 am-  
plifying device,  and an F-519 frequency meter .  Two s t ra in-gauge pickups for each of the investigated modes of 
the vibrations were glued one above the other in such a way that their  sensing elements were perpendicular  to 
one another. Simultaneously, the signal f rom the s train gauges entered the loops of an MPO-2 oscil lograph. 
F r o m  the appearance of vibrat ions on the screen  of the osci l lograph,  the l imits  of the principal  and secondary 
regions of instability were  observed.  The s train gauges were installed over  the whole c i rcumference  of the 
shell at a distance of 0.34 m f rom the base. 

Before going on to investigation of the pa rame t r i c  instability of g lass-p las t ic  cylindrical  shells ,  for each 
shell a frequency curve was determined experimental ly;  one such curve is shown in Fig. 2, where along the 
axis of ordinates there are  plotted the natural f requencies  of the vibrations of the shell and along the axis of 
absc i ssas ,  the number of surrounding waves of vibrations n. The frequency curve was recorded  for one longi- 
tudinal half-wave m = 1. The experimental  investigations of the pa ramet r i c  instability were made in a range 
of frequencies 80-200 Hz for wave pa rame te r s  m = 1 and n = 2-6,  with determination of the principal region of 
instability, and below, with the investigation of the side regions of instability SRI 1 (secondary region of in- 
stability 1) and SRI 2 (secondary region of instability 2). 

Figure 3 shows the regions of instability of the shell under investigation; along the axis of ordinates there 
are plotted the frequencies of the perturbat ion and, along the axis of absc i s sas ,  the amplitudes of the pe r tu rba -  
tion. The l imits  of the principal region of instability are observed with vibrations taking place with a frequency 
close to the doubled frequency of the natural  f requencies;  therefore ,  they can be established with a high degree 
of accuracy.  Outside the region of instabili ty,  the vibrat ions of the shell take place with the frequency of the 
external  load. The approach to the l imits  of the region of instability is effected f rom the side of the stable r e -  
gion; by varying the frequency and the amplitude, they can  be displaced along the boundaries in any given direction. 

Thus, as a resu l t  of the investigations ca r r i ed  out, it has been established that the principal region of 
instability is bounded f rom below by a curve corresponding to a mode of vibration with the wave pa rame te r s  m = 
t and h = 4, which corresponds  to the lowest natural  frequency of the vibrations of the shell. F rom above, the 
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Fig. 4 

principal region of instability in the present case is bounded by a curve corresponding to a mode of vibrations 
with the wave parameters m = 1 and n = 6. 

As the experimental investigations showed, the presence of damping in the shell decreases the regions of 
instability by shifting them to the right of the axis of ordinates. A "threshold" of the parametric perturbation 
appears, whose presence excludes the onset of a loss of stability with small amplitudes of the perturbation (in 
the present case, down to 0.I ram). 

Figure 4 shows a photograph of the free edge of a shell, in which there can be seen characteristic trans- 
verse vibrations of the shell for loss of stability with five surrounding waves. The amplitude of the transverse 
vibrations of the upper end of the shell attained approximately 1-1.5 cm, depending on the mode of the vibra- 
tions. Under these circumstances, the base of the shell was displaced with an amplitude of tenths of a milli- 
meter. 

An investigation of the first (SRI I) and second (SRI 2) side regions of instability was carried out in a GRW 
3.05.02- DK vibration test stand with a frequency range of 20-1000 Hz, which permitted attaining large ampli- 
tudes (1-4 ram). With respect to the side regions of instability, the effect of damping becomes more con- 
siderable; the "threshold" of the perturbation is found to be higher. Thus, in the given case, a loss of stability 
for the side resonances (SRI 1 and SRI 2) did not set in with amplitudes of the perturbation of 0.6 and 2.8 ram. 
During the course of the investigations, it was observed that the transition of a vibrating shell from the region 
of stability to the region of instability is accompanied by a "bang," which can lead to failure of the shell. Tran- 
sitions from one mode of vibrations to another inside of the principal region of instability can also bring about 
failure of the shell, as has been observed during the course of an experiment. Changes in the phase of exactly 
the same mode of vibrations within the principal region of instability are also dangerous. 

As a result of the investigations carried out, the following conclusions can be drawn. 

i. The experimental unit described permits investigating the principal and side regions of dynamic stabil- 
ity of cylindrical shells in a wide range of parameters of the kinematic perturbation. 

2. As a result of the large density of the spectrum of the natural frequencies of the bending vibrations, 
the principal regions of dynamic instability of thin cylindrical shells occupy a large part of the plane of the 

parameters of the kinematic perturbation. 

3. The effect of internal friction in the material of the shell has a considerable effect only on the side re- 
gions of dynamic instability. For a glass-plastic shell, characterized by high damping properties [3], the 
"threshold" level of the kinematic perturbation for the first side region exceeds by 5-6 times, and for the sec- 
ond side region by 30 times, the corresponding value of the level for the principal region of parametric in- 
stability. 

4. Effects have been observed, taking place in regions of parametric instability and accompanied by a 
"bang," which can lead to failure of the shell. 

1, 
2. 
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C A L C U L A T I O N  OF  T E M P E R A T U R E  F I E L D S  IN P R O B L E M S  

O F  T H E R M O E L A S T I C I T Y  OF  A T W O - T E M P E R A T U R E  

I S O T R O P I C  M E D I U M  

N. S. S o l t a n o v  UDC 536.241 

The investigation of the s t r e s s - s t r a i n  state in mult icomponent mate r ia l s  and s t ruc tura l  e lements  made 
f rom them under conditions of nonuniform heating is bound up with a need to de termine  the t empera tu re  f ields.  
Under these c i r cumstances ,  the mult icomponent (multiphase) nature of the medium leads to the concept of a 
mul t i t empera ture  continuum [1, 4]. The construct ion of models of multiphase media has been ca r r i ed  out by a 
number  of authors [1-4]. The descr ip t ion of the the rmal  conductivity of a multiphase heterogeneous medium on 
the basis of a mul t i t empera ture  homogeneous continuum, in the case of different  t empera tu re s  of the phases ,  
should lead to a thermal-conduct iv i ty  equation with effective cha rac te r i s t i c s  of the medium. In [4] this condi- 
tion is not satisfied.  In [6] thermal-conduct iv i ty  equations are  der ived for  a two-phase solid body, satisfying 
the above requirement .  

The presen t  a r t i c le ,  on the basis  of the equations of the the rmal  conductivity of a two-phase isotropic  
solid body [6], considers  the problem of the distr ibution of the mean t empera tu re  and the dif ference in the t em-  
pe ra tu res  of the phases  in an unbounded plate. 

For  solution of this problem,  we use the equations of the thermal  conductivity of a two-phase isotropic  
solid body [6] 

X.(t>kk + ( F > = c , p .  a( t>  --  ' T +ptp2(cip~--c2p~) 0((t,>8~ (t~>) , 

(1) 
. . . .  a(t> 

P,Pz (c,p,~t -1- czp~,) a (< t, > - -  < tz >) -F ~,*~ (( t,  > - -  ( t~ >) : (p2c:p:~, - -  plc,p~[~) T -F p,~ ( F, > - -  pz~, < F 2 >. a~ 

Here Pl is the volumetric concentration of the i-th phase; <Fi> is the mean density of the heat source over the 
i-th phase; <ti> is the mean temperature of the i-th phase; <t> is the mean temperature; k i, c i, Pi are, re- 
spectively, the coefficient of thermal conductivity, the heat capacity, and the density of the i-th phase; l $, c*, 
p$ are, respectively, the macroscopic coefficient of the thermal conductivity, the macroscopic heat capacity, 
and the density of the two-phase body; c~ is the heat-transfer coefficient between the phases, which depends 
on the thermophysical properties and the microstrueture of the two-phase medium. 

We note that X, ~, and c~ can be taken in the form [6] 

PiP2~2 (2) 

where I is the scale of the correlation. 
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