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A mathematical stress wave model is formulated for use i n  

predicting the effects of various material combinations and geometry 

in the design of sandwich plates tha t  may be subjected t o  high velo- 

c i ty  impact. In  the experimental investigations the bounding layers  

w e r e  of a birefringent material and stresses w e r e  determined by m e a n s  

of a dynamic polariscope ut i l iz ing a high-speed framing camera. 

comparison is made of the theoretical and experimental resul ts .  
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SECTION I 

INTRODUCTION 

Meteoroids and other debris in outer space pose potential hazards 

t o  astronauts, spacecraft, and missiles. 

may have sufficient strength and thickness t o  resist actual puncture, 

damage may be caused by strong shock waves resulting f r o m  the impact. 

When such a stress wave encounters a free surface, it is reflected,  

generally as a tensi le  wave. 

wave is equal t o  or greater than the strength of the "target" material, 

fracture w i l l  occur. 

surface, weakening the structure; as rear surface bulges which could 

jam mechanisms or block flow i n  pipes; or as a complete detachment 

of target material, creating a shrapnel effect, 

ment or personnel. 

Although the impacted body 

If the amplitude of t h i s  reflected 

Such fractures may appear as cracks near the 

endangering equip- 

It has been demonstrated tha t  damage caused by stress waves pro- 

duced by hypervelocity impact can, in m y  cases, be reduced by employing 

laminated targets (Reference 1). The resul ts  of such experiments have 

served t o  a l e r t  the design engineer t o  the possibil i ty of reducing the 

probability of damage or of using a thinner or l ighter  m a t e r i a l  as the 

outer skin or hul l  of spacecraft. 

realize tha t  the use of laminates does not necessarily reduce the 

probability of damage, but may, in some cases, actually resul t  in 

increased damage t o  the structure (Reference 2 ) .  

It is  perhaps m o r e  important t o  
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This study is an attempt t o  formulate a mthematical m d e l  tha t  

can be uti l ized t o  predict the action of laminates in affecting the stress 

waves induced by impact. 

may affect the a b i l i w  of s t r u c t u ~ s  t o  resist fracture caused by hyper- 

velocity collisions before it can be used with confidence. 

Such a model should include all parameters t ha t  

This study is limited t o  an investigation of elastic waves in sand- 

wich plates or targets of only three layers, the  two bounding layers 

being of one material and the center layer,  or core, being of a different 

mterial. 

strengths and hc ture  criteria. 

It deals only w i t h  stress amplitudes and not with material 

A brief theoretical  analysis of the propagation and reflection of 

spherical waves in solid homgeneous targets  is first made, followed by 

the study of waves in sandwich plates.  

rraterial properties (such as Poisson's r a t io ,  density, modulus of elas- 

t i c i t y ) ,  target  geometry (target thickness, la t inat ion thicknesses, 

core location) 

or pulse length, wave form, decay rate). 

This includes the effects of 

and the st ress wave chamct&istics (amplitude, wave 

The next section describes the experimental investigation of the 

stresses developed in both homgeneous and laminated targets.  

layers were -transparent birefringent materials tha t  could be studied 

by photoelastic methods. 

layer o f t h e  target, t h i s  being the  region of rnaxirnmtensile stress 

when waves are reflected f k o m  the free surface. 

The outer 

Stresses are deten-nined only in the third 

A theoretical  d e l  is next formulated tha t  duplicates the experi- 

mentally determined stresses in a homogeneous target  as closely as 

possible 

By using t h i s  theoretical  model, the effects of the core are calculated 

and compared with those determined experimentally. 

This is called a "quasi-theoretical'' method (Reference 3)  e 



SECTION I1 

THEORETICAL ANALYSIS 

Spherical di la ta t ional  wave propagation in homogeneous, isotropic 

material can be specified by the equation 

where 4 is a scalar displacement potential ,  c is the wave velocity, 

and t is t i m e .  

by the relations 

P a r t i c l e  displacment (u) and velocity (VI are specified 

where r denotes the radius vector fromthe point of project i le  impact. 

The radial and tangential stresses are given by the re la t ions  

and 

where X and p are the L-’ constants and are related t o  Young’s modulus (E) 
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and Poissonss r a t i o  (v) as follows 

vE 
A =  

(1 + v >  (1 - 2v) 

E 
2(1 + v)  

! J =  

The mathematical model used in t h i s  investigation fo r  generating 

spherical elastic waves is tha t  described in References 4 and 5. It is  

a s smd  tha t  there i s  a hollow hemispherical cavity in the target  w i t h  

i t s  center at the point of impact and tha t  a the-varying pressure or 

forcing function is  applied t o  the cavity surface, generating stress 

waves in the target. 

is  an impulse tha t  may be described by the relation 

The pressure (pol applied t o  the cavity surface 

-a t -a 3t -al t  2 
Po = k,e + k,e + k3e + . .  . 

where a l ,  a2> . . e are decay constants, t is elapsed the, and k, 

. . . are constants. 

k, , 
By the proper choice of values of k and a ,  various 

wave fonns can be generated. 

The solution of the wave equation based upon Blake's work and 

described in Reference 5 i s  employed in t h i s  study. 

Reflected stress waves are created in so-called "image cavities ." 
The velocity of both the incident wave and the reflected spherical wave 

is  given by the relat ion 

C 

1/2 
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TABLE I 

MATERIAL PROPERTIES 

FT. S E C - ~  LB SEC. FT- 

L u c i t e  Fj--z-- 

Steel 

Silver 

Water 1 1.94 

15.2 

20.4 

7,100 

19,500 I 29.6 x l o 4  

15.6 x lo4 

I 
13,400 I 27.3 x l o 4  

Glass 

Aluminum 

I 
14,000 I 24.1  x lo4 

I 

5.0 

5.22 

4.500 I 11.8 x 104 

22,300 

20,900 

8,700 

5,100 

5 -200 

11.15 x 104  

10.9 x l o 4  
2.0 x l o 4  - 
1.20 x l o 4  
1.01 x l o 4  
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