
Abstract
The work presented in th is d isserta tion  d esc ribes  the  sta tic  and  d y nam ic  instab ility  

(simple and combination resonan ces) b eh av io u r o f  both iso tro p ic and  lam inated  

composite flat and curved panels w ith centra l c ircu la r  c u to u t u nd er n o n -u n ifo rm  in-plane 

conservative (compressive and  ten sile ) and  n o n-co n se rva tiv e  fo llow er ed ge  load ing  w ith  

the effects of damping. The non -un ifo rm  ed ge  lo ad in g  and  the d isco n tin u itie s  in the panel 

produce complex non-uniform  initial (p re -b u ck le )  in -p lane s tre ss state  w ith in  the panel. 

The nature o f initial stress d istribu tion  p lay s  a v e ry  im p o rtan t ro le in both sta tic  and 

dynamic stability behaviour o f  the cu rved  panels.

The work presented in th is d isse rta tio n  m ain ly  d ea ls w ith  th e p roblem  o f  the 

occurrence o f combination reso nances in co n trast to sim ple  re so n an ce s  in p aram etrica lly  

excited isotropic and lam inated co m p osite  fla t and  cu rved  panels. B o lo tin ’s approach  

cannot be used to obtain the  com binatio n  reson an ce in stab ility  reg io ns , so the m e thod o f  

multiple scales (perturbation m etho d) is used  to  ob ta in  an a ly tic a l ex p re ss io n s fo r the  

simple and combination reson ance  (sum  and  d iffe ren ce ) in stab ility  reg ion s. It is show n 

t other cases o f  the co m bination  reso n ance  (su m  and  d iffe ren ce ) can be o f  m ajo r 

portance and yield a sign ifican tly  en larg ed  in s tab ility  reg io n  in com p ariso n  to  the 

pal instability region. The  effec ts o f  n on -u n ifo rm  ed g e  load ing , cen tra lly  located 

beh CUtout and dam ping  on  d y nam ic  instab ility  (s im p le and  co m b in a tio n  reso nan ces) 

^  isotropic and lam inated  co m p o site  cu rv ed  pan e ls  a re  stud ied .

UltS sh ° w  th a t under loca lized  e d ge  lo ad in g  (c o n se rv a tiv e  or non-
conservative) th
jmport ’ e com b ination  reson an ce (sum  and d iffe ren ce ) in stab ility  zones are as 

a finite reSonance in stab ility  zon es. T h e  effec ts  o f  d a m p in g  sho w  tha t there  is

d0ubiy c Va ûe ° f  the  d yn am ic  load fac to r fo r each  in stab ility  reg ion  belo w  w h ich  

destabT  ^an6^  Cannot t>ecom e d y n am ica lly  unstab le . A cen tra l c ircu la r cu to ut has 

c°niposite ^ 6^ eC* 011 d yn am ic  s tab ility  beh a v io r  o f  iso tro p ic  and lam inated  

c°mbination suk jec te d to  n o n -u n ifo rm  ed ge  load in g . It is a lso  foun d th a t the

kminated 0 ^ e sum  tyP e ar>d d iffe ren c e  ty p e  can  e x is t in the  iso trop ic  and

flat and  curved  pan els, w hen  th ese  pan e ls  are su b jec ted  to  n o n -



uniform non-conservative fo llow er forces. This exam ple o f  sim ultaneous excitation of 

two modes, each oscilla ting steadily  at its own natural frequency, m ay be o f  considerable 

interest in vibration testing o f  actual structures.

The theory used for the form ulation o f  the problem  is the  extension o f  dynam ic shear 

deform able theory according to Sanders’ first approx im ation fo r doubly curved shells, 

which can be reduced to L o ve’s and D onne ll’s theories by m eans o f  tracers. The first 

order shear deform ation theo ry (FSD T ) is used to m odel the curved panels, considering 

the effects o f  transverse shear deform ation and rotary inertia. To d iscretize the continuum 

and then to  use finite elem ent approach, an eight-node curved isoparam etric  quadratic 

elem ent is em ployed in the presen t analysis w ith five degrees o f  freedom  per  node. Since 

the stress field is non-uniform , due to arbitrary nature o f  the applied  in-p lane load and due 

to the presence o f  opening in the panel, p lane stress analysis has been carried  out using 

the finite elem ent m ethod to determ ine the state o f  in-plane stress d istribu tion . This state 

o f  stress is then used to  generate the geom etric stiffness m atrix .

A nalytical results are presented to show  the effects o f  geom etry , edge loading 

(conservative or non-conservative), boundary conditions, central c ircu lar cutout, damping 

and other im portant param eters on static and dynam ic  in stability  (sim ple r e s o n a n c e  

instability o r com bination resonance  instability) o f  iso tropic and lam inated com posite flat 

and curved panels. C om parison o f  the results has been  m ade w ith  the available literature, 

w herever possible. C onclusions are draw n h igh ligh ting  the im portan t findings o f  the 

study.

The thesis has been organized into six  chapters.

Chapter 1: It includes the general in troduction  and  im portance  o f  the  present work, 

w hich is presented in this dissertation.

Chapter 2: The rev iew  o f  literature confirm ing to  the  scope o f  p resen t study  has been 

highlighted in it. T he  im portan t w orks done and the genera l m ethods o f  solu tion o f  static 

and  dynam ic  instability  (sim ple and com bination resonances) p rob lem s o f  plates and 

shells under conservative  and no nconservative force system s have been briefly  indicate 

in this chapter a fter c ritical discussions o f  the references.



C h a p t e r  3: It com prises o f  the  m a th em atica l fo rm u la tio n  o f  the  p rob lem  based  on 

H a m ilt o n ’ s  principle. Finite e lem en t tech n iqu e  has been  used  fo r the  d eve lo pm en t and 

s o lu t io n  of the problem  for evalu ating  th e v ib ra tio n , b uc k ling , p a ram etr ic  instab ility  

( s i m p le  resonance instability) and  flu tter cha rac ter is tic s  o f  the  cu rv ed  panels. A naly tica l 

e x p r e s s i o n s  are developed to  ob ta in  the  sim p le  an d  co m b ina tio n  reso n an ce  instab ility  

regions by using the m ethod o f  m ultip le  sca les (p e rtu rb a tio n  m ethod ).

Chapter 4: The problem s considered  fo r th e an a lys is  are b rie fly  ex p la in e d  in th is chapter. 

The descriptions about the geom etry  o f  panels, load ing  typ es , bo u nd ary  co nd ition s and 

material properties are given in th is chapter.

Chapter 5: The detailed results and d iscu ss io n s on v ib ra tion , sta tic  and dynam ic  

instability (simple and co m bination  reso nan ces) b eh av io u r o f  flat and  cu rv ed  panels w ith 

central circular cutout sub jected  to  n o n-u n ifo rm  co n se rv a tive  and  n on -conse rvative 

follower forces with or w ith ou t e ffec ts o f  dam p in g  are  p resen ted  in th is  chap ter.

pter 6 . The im portant conclusio ns d raw n  from  the p rese n t in vestig a tio n  and po ssib le  

P of extension o f  the presen t w o rk  h ave  been  p resen ted  in th is  chapter.

important reference books, papers and  a rtic le s are  listed  in B ibliography sec tion .
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