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Abstract: The  steady,  forced-wave solution is obtained for loads that travel with constant  speed on a simply supported circular shell, 
the motion of which is damped externally by air. Critical speeds are identified above  which the waveform, which  is a standing wave in 
moving coordinates,  exhibits shorter wavelengths in  front of the load than  behind it. At supercritical speeds the solution  becomes un- 
bounded, because of loss of stability, in the limit of no damping. 

Introduction 
Solutions for  circular cylindrical  shells under  dynamic 
loading conditions of various forms  have  appeared in the 
recent  literature.  Payton [ 11 solved the problem of dy- 
namic membrane  stresses in an infinitely long elastic 
shell. He gave specific results  for impulse-concentrated 
and  uniform-pressure loads  as well as  for a  circumferen- 
tially expanding pressure load. In [2] and [3], Forrestal 
and Alzheimer evaluated  the solution  derived in [ 11 for 
circumferentially moving loads. Liao  and Kessel [4] con- 
sidered the problem of cylindrical  shells,  with  bending 
as well as  membrane effects,  subjected to moving loads. 
Their shell had finite length and  was subjected to  the 
boundary  conditions of simple support. Using  appropri- 
ate  Fourier  series  decompositions in the axial and cir- 
cumferential directions with a Laplace transform in time, 
Liao and  Kessel formally derived  a  solution that  exhibits 
resonant conditions at critical speeds of the moving load. 
For  the  concentrated load moving circumferentially with 
constant speed, their solution, Eq. (33 )  in [4], predicts 
a  form that is symmetrical with respect  to  the moving 
load regardless of the  speed  at which the load travels. The 
speed-independent property is quite  unexpected in view 
of the solution for moving loads on a simply supported 
plate strip given by Reismann [ 5 ] ,  which is symmetrical 
for subcritical speeds  but exhibits a forced-wave phenom- 
enon  for supercritical speeds with shorter wavelengths 
in front of the load than behind it. This phenomenon was 
also recently observed experimentally [ 6 ]  in a short 
cylindrical shell having a radius-to-length ratio of three 
and a radius-to-thickness ratio of 1500. 

The critical  speed is associated with loss of stability 
(see  [7] and [8]).  The inertia enters  into  the  steady 

equation in moving coordinates with an effect equivalent 
to  compressive  stress  resultants and the instability is 
similar to  that of buckling. Although the  membrane solu- 
tion in [ 1 J would not  be  expected to have critical speeds 
with associated different  wavelengths in front of and be- 
hind the load, the bending effects included in the shells 
considered in [4] should  lead to such a phenomenon. 

In this paper we obtain  the  steady, inextensible  bend- 
ing solution for a simply supported  circular shell sub- 
jected  to loads moving circuhferentially  at  constant 
speeds. The analytical' procedure is similar to  that em- 
ployed in [ 11. In ordel: to  deal first with  integrals that 
exist in the,regular  sense, we include external damping 
effects. We obtain a forced-wave solutiori with  different 
wavelengths in. f'0"t oE aqd  behind'  the load for  the  case 
of supercritical  speed. The amplitudes of these  waves 
decay exponentially  with distance from the load for 
damped  or undamped  solptions at subcritical speeds,  as 
well as  for ' damped solutions at supercritical speeds. 
However,  the undamped  solution shows  no  decay  at 
supercritical  speedy-in fact,  the solution obtained  does 
not  converge  for this case  because of the previously  men- 
tioned loss of stability. 

Formulation of the problem 
The geometry and loading of the shell are  shown in Fig. 1 .  
The cylinder is of length e, radius a, and  thickness h.  The 
coordinates of a point  are x, c#I; the displacement compo- 
nents in these  directions  are u, u and  the  outward dis- 
placement is w. The loading is q ( x ,  c#I - V t / q ) ,  which 
indicates that  it is traveling without a change in its  func- 
tional form in the circumferential  direction  with  speed V .  
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