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Preface 

This i s  the sixth technical report covering the research work under 

the project en t i t l ed ,  "A t e s t  Program t o  Determine the Mechanical Behavior 

of Solid Propellants". The work reported here par t icu lar ly  refers t o  the 

study of mechanical behavior of Solithane 113 under biaxial loading a t  

room tenperatwe conditions. -From the experimental data the  s t r a i n  energy 

function for the material  has been determined. 

I 
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Abstract 

"he report  describes two types of b i ax ia l  s t r e s s  experiments t o  char- 

acter ize  Solithane 113 corresponding t o  time independent mechanical behavior. 

The first type of experimentswas conducted under controlled s t r a i n  ra tes  and 

the second under controlled s t r e s s  ra tes .  A method has been described i n  

t h i s  report  t o  obtain the s t r a i n  energy function for t he  material  from the  

b i ax ia l  experimental results t h a t  included time effects .  

-k 

r 

.Results indicate t h a t  Solithane 113 a f t e r  it reaches mechanical equil- 

ibrium can be characterized by a simple s t r a i n  energy function tha t  follows 

from the  w e l l  known kine t ic  theory of rubber e l a s t i c i ty .  
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Mechani.ca1 ,Characterization of Solithane 113 

Introduction 

Rubberlike materials display large deformation under external loading 

conditions leading t o  nonlinearity between s t r e s s  and s t ra in .  Solithane 

113 under room temperature conditions behaves l i k e  a rubberlike material 

and displays about 50' percent elongation as shown by the s t ress-s t ra in  

curve i n  Fig. 1. 

di t ions i s  usually b e t t e r  described by a s t r a i n  energy function character- 

i s t i c  of the  material. 

generally complicated by the  time dependency of the material behavior. 

The mechanical behavior of the  material under such don- 

The determination of a s t r a i n  energy function is  

A method has been described i n  t h i s  report ,  which makes it possible 

t o  determine the  s t r a i n  energy function f o r  t he  material  corresponding t o  

i t s  equilibrium behavior. 

Experimental Investigation 

The Material and Specimen Preparation 

The material used i n  the experimental program i s  a polyurethane 

elastomer obtained by combining Solithane 113 with DB castor o i l .  Solithane 

113 i s  a polyether based l iqu id  urethane'prepolymer obtained as a reaction 

product of an isocynate w i t h  a hydroxyl radical.  The chemical composition 

of DB castor o i l  is  approximately 90% tr iglycer ide of Xicinoeic Acid of 

928 molecular weight. 
' The procedure for  the  preparation of specimens involves vacuuming, 

heating, mixing and curing Solithane 113 and castor  o i l .  As the  Solithane 

113 and t h e  castor o i l  a re  hygroscopic materials, precautions are taken t o  

minimize t h e i r  contact with moisture i n  t he  air. To begin w i t h ,  a l l  
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containers uskd i n  t ransfer r ing  and mixing the  ingredients are dried i n  a 

desicator at least twelve hours before they are used. 

amount of castor o i l  is t ransferred from the storage drum t o  the mixing 

and degassing container. 

hours at 130*F, the proper amount of Solithane 113 ( 4  par t s  of castor o i l  

to 3 parts of Solithane by weight) i s  added t o  the castor o i l  i n  the con- 

ta iner .  Using Pyromagnestir, the  mixture is then heated a t  constant tem- 

A predetermined 

A f t e r  vacuuming the  castor o i l  alone f o r  t w o  

perature of 130°F, vacuumed and thoroughly mixed. 

poured in to  molds which are previously sprayed v i t h  sl ipicone and flurog- 

l ide assembled and preheated t o  1 8 0 ~ ~ .  

is vacuumed again fo r  tventy minutes i n  a large vacuum chamber. 

The mixture is then 

The mixture together with the molds 

Finally,  

the cast  molds are  oven cured f o r  two hours at  220°F. 

the oven, the  specinens are  released immediately, cleaned m d  stored i n  a 

Upon removal from 

desicator f o r  two weeks f o r  post curing. 

Tubular specimens were used i n  the present investigations.  A typ ica l  

specimen w i t h  the  various dimensions is shown i n  Fig. 2. 

Experimental Arrangenent 

Two types of b i ax ia l  experiments were conducted. I n  the first t fpe ,  

the deformation r a t e s  were controlled and i n  the  second, t he  axial s t r e s s  

rates were c0nt~ol led. i  For the biaxial s t r e s s  experimmts with the con- 

t r o l l e d  deforination rates ,  a standard Tinius Olsen was used f1]* 

crosshead speed i n  the  machine can be controlled between 0.02 in/min ana 

20 in/min. 

The ' 

* Uumber i n  brackets refer t o  t he  bibliography at the  end. 

b 
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The b iax ia l  stress experiments with the  controlled axial s t r e s s  rates 

were conducted by using a specially developed apparatus that is described 

elsewhere [ 2 1. 

"he ax ia l  deforaation and the var ia t ion of external diameter i n  the 

b i ax ia l  experiments were observed by using the  c l i p  gages. 

Experimental Program and Procedure 

(a) Deformation Rate Controlled Eqeriments 

Tubular specimens were subjected t o  in te rna l  pressure by means of 

nitrogen gas fed from cylinders. The pressure is controlled by a valve 

which i s  placed in-between the out le t  t o  the gas bo t t l e  and the  i n l e t  t o  

- the  specimen. The axial load was applied by the loading mechanism of 

Tinius Olsen machine. The rate of deformation i n  a par t icu lar  t e s t  was 

kept constant by s e t t i n g  the crosshead speed knob of the  machine at a 

specif ied value on a c i rcu lar  d i d .  B i a x i a l  stress experiments were con- 

ducted f o r  crosshead speeds i n  inslmin, 0.2, 0.3, 0.4, 0.5, 1.0 and 2.0. 

Two experiments were conducted under ident ica l  conditions. During the  

test the pressure inside the  specicen w a s  measured by a pressure transdencer. 

The output from the  pressure transducer w a s  continuously recorded on- the 

chart of a recorder. A continuous reco?d of the ax ia l  load was obtainedby 

the X-Y recorder of t he  Olsen Testing Machine. The external diameter and 

the axial displacement during a par t icu lar  experiment were measured by c l i p  

gages. 

channel Sanborn recorder. 

Continuous record of these quant i t ies  were obtained fro= a multi- 
I 

From the various measurements described earlier, 

t rue  pr incipal  s t resses  u 

were evaluated as follows: 

o2 and pr incipal  extension r a t io s  X and X2 1' 1 
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pDm + 4F 
“1 = 4t n(D: - Di 2 

pDm CJ s- 
2 2t 

where al, (3 2’ 

Mean diameter 

are the true sxial.wd tangential stresses respeckively, 

D + D i  
0 - 

D3ri- 2 ’  

D. are the outer and inner dianeters respectively at my stage o f  
1 

de f omation. 
Do - Di 

2 the wall thickness at any stage of deformation. t =  

F ’Axial Force 
3 
p =Internal Pressure 

Assuming the  material as incompressible, we have 

iginal outer and inker diameters of the specimen 

i2 - gage length at any stage of deformation. 
Equation (3) could be solved for Di for known values of Do, R aad the 

original dimensions of the specimen. 

The expressions for extension ratios are: 

- 1 1  
A1= -- R’ 



h u rn a2 = - 
Drn' 

where hl and X 

Figs. 3 & 4 show the experimental resu l t s  for various crosshead- speeds and i n  

are the  axial and tangent ia l  extension r a t io s  respectively. 2 

Table 1, the  various measured values are  tabulated, 

(b)  Stress  Rate Controlled Experiments 

Tubular specimens were subjected t o  simultaneous in te rna l  pressure 

and axial load i n  such &'manner t h a t  the principal. nominal stresses varied 

l inear ly  w i t h  t i m e  throughout the duration of the test. 

periments were conducted at various s t r e s s  rates ranging from 0.1 t o  10 ps i .  

The b i ax ia l  ex- 

per second. 

where a' = 7 , . the nominal pr incipal  s t r e s s  ra t io .  

The b i ax ia l  stress fields studied were a' = 0.383, 0.99, 

a2 

1 
A continuous record of pressure, axial  load f o r  t h e  duration of the  

tes t  was obtained from a Sanborn recorder. The ax ia l  deformation and the 

var ia t ion i n  external diameter were determined from Clip gages[3]. 

continuous record of these quant i t ies  were a l s o  obtained through the 

A 

Sanborn recorder. 

F r o n t h e  various measured quantit ies t r u e  pr incipal  storage and ex- 

tension r a t io s  were evaluated by using Eqbations (1) t o  ( 5 ) .  The data are  

presented i n  Table 2 and Figs  . & and 6. 

Determination of S t ra in  Energy Function 

For an i ncoqres s ib l e  material the  t h i r d  s t r e t ch  invariant I bi ing 3 
equal t o  one, the  s t r a i n  energy function becomes e&& a function only of the  

first two invariants.  That is 
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where 
2 2 2 I1 = x1 + x2 + x3 

2 x 2  I2 = x1 x2 + x2 xg + xg 1 2 2  2 2  

2 2 2  I = x1 a2 x3 = I 
3 

Using the well-knawn f i n i t e  deformation theory and the s t r a i n  energy f’unction 

expressed i n  terms of the two s t r e t ch  invariants the consti tutive equations 

f o r  the  rubberlike material can be shown t o  be 

1 aw 

Assuming Q = 0, eliminating p - th& unknown hydrostatic stress and 3 
solving fo r  - and - we get 

all a12 

2 2 - x2 u2 x u  1 1  xi2 - 1/ x1 2 x2 2 
A12 - 5 x2 



2 0 1 CT - 
2 2  - 2 1 / 2 2  - -  aW - A; - 1 / X ,  A2 X2 - A2 

a12 2 0 2  - X1 1 2 2 

Substituting C J ~ ,  a2) X1 and A 2  i n  Equations (8) - aw and- can be eva.3.- 
all a12 

uatedr 

The s t r a i n  energy function can be elrplicitly determined i f  
. I  

are evaluated from Equations (8). (%) I2 = Constant = Constant 

That is possible i f  the  appropriate values of X 

responding t o  either I 

Equations ( 8 ) .  

A i ,  al, and a cor- 1' 2 

= Constant or I2 = Constant are substi tuted i n  1 

It is generally d i f f i c u l t  t o  conduct b iax ia l  experiments w i t h  I1 = 

Constant or  I2 = Constant. However, s t r e s s  components corresponding a 

combination of A and X for which either I or I = Constant can be 1 2 1 2 
evaluated from the  t e s t  data reported earlier. 

The pai rs  of A1 and A representing I1 = Constant or I2 = Constant 2 

can be determined as follows: 

The expression f o r  the first s t re tch  inmwfwt  is: 
f. 

I1 = A1 2 + x2 2 + A3 2 (9) 

t o  

Using the incompressibility condition X = - Equation (9) reduces 
v 2  
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Solving Equ9tion (IO): 

= !I1 - x1 2 ) h2 2 
t 

The expression for  the second s t r e t ch  invariant is 

2 2  1 = A X  + - +  I2 1 2  - 2  
3. A 

Rearranging Equation (12) 

2 4  - -)A 1 = + 1 = 0 x1 X2 - (I2 
x; 

Solving Equation (13) 

(13) 

Using Equation (11) for  Constant I1 and specified values of XI values 

of h2 can be calculated. 

XI. and X 
2 Similarly fo r  constant values of I 

values can be evaluated by using Equation (14). 2 

Figs. 7 t o  10 show the  X2 versus A; curves obtained experimentally 

fromtwo ident ica l  s e t s  of b iax ia l  s t r e s s  experiments i n  which s t r a i n  

rates were controlled. In  the  same figures isoinvariant curves f o r  which 

either I1 or I2 is constant have been drawn. The intersect ion of eaeh of 
1 
I 

the curves with the X and X 1 2 curves determines pa i r s  of X1 and X2 w i t h  

either Il o r  Ip being constant. 

corresponding values of t rue  s t resses  u 

Wsingthese values of Al and X and the  

and u2 obtained from Fig. 3, 4. 
2 

1 

ra 
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the s t r a i n  energy gradients - and- were evaluated by solving 

Equations (8). 

t rue  stress u for the  various s t r a i n  ra tes .  Using the  A versus time 1 1 

a I2 a I2 
Figs, 11 t o  21 show the variation of - and- with the 

a I1 a I2 

curves (See Figs. 22, 23) it is possible t o  determine the  variation of 

and - w i t h  t i m e  t. (See Figs. 24 t o  27). The s t r a i n  energy gradient a w - 
a I1 a I2 
values exponentially decrease w i t h  time reaching a constant value a f t e r  

the passage of about three t o  four minutes. The constant values cor- 

responding t o  various I or I values were evaluated and plot ted i n  

Fig. 28. 

1 2 

Fig. 28 indicates that  - i s  prac t ica l ly  constant with I1 al- ar, 
A 

though for s m a l l  I1 o r  I there  ex is t s  considerable osci l la tory variation. 2 
Fig. 29 shows tha t  - i s  very small compared t o  - and tha t  it does 

a I2 a I1 
remain invariant with I In  accordance w i t h  the  above observations, the  

s t r a i n  energy function f o r  the  material  can be expressed by the following 

relation': 

2' 

w = C(I1 - 3) (15) 

2 where C = 15.5 ( lbs .  /in. ) represents the  average value between two s e t s  

of results (Fig. 28). 

The s t r a i n  energy s tored i n  the material a t  any stage of deformation 

was evaluated fromthe integration of the  stress extension r a t i o  curves 

and is shown plot ted i n  Fig. 30. 

be 21. 

From Fig. 30 the "C" value was found t o  

By following the  same procedure described e a r l i e r  the r e su l t s  from 

the biajrial experiments w i t h  t he  controlled stress r a t e s  were used t o  q p  
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evaluate the  s t r a i n  energy function. 

reached a steady s t a t e  a f t e r  a f e w  minutes. 

The s t r a i n  energy gradient value 

These steady values were 

plotted i n  Figs. 31 and 32 against the s t r a i n  invarients.  A s  before, 

a11 

Although-showed some osci l la tory var ia t ion f o r  small values of 11, 

it was f a i r l y  constant beyond I 

senting the constant C i n  Equation (15) w a s  found t o  be 22. 

- w a s  found t o  be small enough t o  be neglected i n  comparison with -. 
aw 
arl 

a12 

value of 3.4. This constant value repre-' 1 
By di rec t  

integration of stress-extension r a t i o  curves, an average value of C w a s  

evaluated t o  be 24. 

Discus si on of Results 

Although Figs. 3 

true s t r e s s  extension 

tension r a t i o  against 

ciable e f fec ts  due t o  

and 4 

r a t i o  

axi a1  

indicate tha t  s t r a i n  rate e f f ec t s  on the 

curves is  s m a l l ,  t he  p lo ts  of' tangent ia l  ex- 

extension r a t i o  (Figs. 7 t o  10) show appre- 

s t r a i n  ra te .  True tangential  s t r e s s  was pract ical ly  

held constant during a l l  the s t r a i n  rate controlled experiments. 

The s t r a i n  energy gradient p lo ts  against invariants showed oscil-  

la tory var ia t ion f o r  low values of invariants.  T h i s  behavior m a y  be due 

t o  experimental errors  which are extremely d i f f i c u l t  t o  eliminate a t  low 

extension ra t ios .  

It i s  interest ing t o  note t h a t  the equilibrium mechanical behavior 

of Sofithane 113 can be described by a simgle s t r a i n  energy function of 

Neo Hookean type (Equation 15). 



Bibliography 

1. M. G. Sharma and C. K. Lim,  "Mechanical Properties of Solid Fuel Propel- 

l an t s  for Combined States  of Stress  at  Various Temperatures", Annual 

Report submitted t o  the Allegany Ba l l i s t i c s  Laboratory (NORD 16640- 

Sub-contract TO), Sept. 1963. 

2. 1.5. G. Sharma and C. K. Lim, "Failure Cr i t e r i a  for Viscoelastic Materials 

under Biaxial Stress  Fields", Tech. Report No. 4, IUASA-JPL Contract 

No. 950875, Sept. 1967. 

3. H. G. Sharma and C. K. Lim, "Failure of an Ine r t  Composite Propellant 

under PIulti-axial Stress  Fields", Technical Report 30. 1, 2JASA-JPL 

Contract 110. 950875, March 1965. 



c-. 

. . . . . . . . . . . . .  
a 3 m o c u c u W r l o o o o o < \  
m l n r l r l  
3 r l  I I  I m 
t - I  

rl In ln mcu m f  rl mcof t-3 
a 3 m t - o W o ~ a 3 m r l W l n I -  o c u t n n m m r l o m m a 3 a 3 t -  o o o o o o o o m m m m o  . . . . . .  4 4 4 4 4 A 4 ri 0 0 0 0 c 

. . . . . . . . . . . . .  
rlrlrlrlrtrlrtrlrlrldrll- 

cow +--\ow ma3 (\I 0 rl r l 3  
a3 m m  0 L- m m  cu ma3 I n W  pr 
c u t - d O D c o  0 0 m a  r l c n c u f  
a3 m 0 r-W +a3 m W W W  0 [r 
t-co lnr-mw L - A ~ W A  o c- 
o m o c u c u d r l d o o o d o  

rldddr-irldrlrlrll- 

. . . . . . . . . . . . .  

i . . . . . . . . . . . ‘  
r l l n O f t - m c u f W a 3 O c u m  

r l r l r l r l c u c u c u c u m m w  

0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0  
InLnInInInInInlnInv\oIn!.f . . . . . . . . . . . . .  
o r l c u m ~ t n ~ t - a c n o r l c u  

rl rl r l  

> c u  
0 rl 
003 

-I3 ncu 
U 
3 - 1  

I 

. o  

0 
f cu 
cu 

t- 
3 
3 

cu 

c - 0  
r lo  

r l r l  

ma3 . .  
m 
W 
0 

cu 

0 cu 
a3 
rl 

Cu-3 
r l W  
cut- 
Ot- 
d 

. .  

I 

> o o o o o o o o o o o o o o  
0 0 0 3 W a 3  O f  cu cuWW c u d  o c u c o a 3 a  o w 3  ocu-3 cu*a 
3 - z t ~ c o r l a c o  o m ~ \ t - m r l m v \ t - a 3  o r l m o ~ c o  t - o m  
~ o o q r l r l r l c u c u c u c u c u m ~ m m m ~ ~ ~ o o o r l d ~ c u c u  
~ ~ 4 r l r l r l r l r l r l d d d r l r l d r l d r l r l d r l r t d r l r l d d r l  

. . . . . . . . . . . . . . . . . . . . . . . .  

n m m  
-In+ 
D O 0  nlnrl  
- t m r l  
uno 

rl 

. . .  
01 
d 
a3 
W 
a3 

d 
rl 

m a  m r l  
O W  
cuW 
t-cu 
t-0 
r l c u  

. .  

. . . . . . . . . . . . .  
4 d 0 0 mmmmmmoOa3cocd ldc ;  
r lddr l  

. . . . .  
Ocucur ld  
dr idr ld  

. . . .  
c u f W C 0  N c u c u c u  

3 a 
cu cu 
0 

m 

m cumln m m m  

cu 
t- 
0 

R 
3 
2 

t-d 
lnd 
cuco 
t-0 
d m  
lnco c u c u  
. .  

In 
m 
In 
In 
W 

0 
rl 

> o o o o o o o o o o o o o o o o o o o  
> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l n l n I n I n ~ l n l n I n  
3ooooooooooooooooooocucucucu*cucucucu . . . .  
’CU‘ A S  U;\d C-lod &d 4 CU’ A 2  U;\d Ccd Go‘ d ri d m f  l n \~  t- 

rlddrirlr-ir-iridrlcu 

m 
0 

H H 



i I 

I 

I n r n r l 3 f t - c v r l P -  
MM ri m M f  M M c- 
03 ocu m n r l  mo* 
orlcummSfma3cn MmOcvcumm+-=f  

d r l r i r l d r l  

. . . . . .  r id r ioo  o m m m  

cs 

d 

0' d 
2 ' A  

.rl 
v 

H 
H 

f 

0 
. 

H 

I '  
r l I - l r l r i o o c  ( . . . . . e *  

r l r l d r i r i r l ~  

300000 I \ o i n o m o  
6PiridoiPi 

H 



W W U 3 d t - C  w o o m o c  

H 



I 
I 



: I 

0 cn ln t- cu cu cu r-i r-i cg 0 m* PI d M t- r-iw O m c o ~ m o m m r - i ~ o m m c n m m c n r - i f  0 m m c h m 0 0 0 c u M 0 m c n m m m m 0 0  
r- ioooor-ir- ir- ir- ir- ir- ioooooor-ir- i  
. . . . . . . . . . . . . . . . . . .  

0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  

6 4 c;r;;;LA\d gl35 OT; 

m 
00 
M 

0 

H 

~ o o o o o o o c  ~ o o o o o o o c  . . .  
~ 0 0 0 d o o o c  

r-i cu m a  mw t-a 
m e * *  

4 
4 

c 



. . . .  * - . ( e  e .  

d 0 0 0 0 0 0 0 ri rf 

. . . e . .  " L O .  

d d d d d d d d d d  

0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0  
A . c O N ~ O ; t c O C U ~  

" ~ ' 0 O ~ " O O  

ri rl cu CY cu m m 

m co 

0 

m 

3 

. 0 



f O c o c u c o c o  
f O f - O O f  
v) Lnf rf chm 
f a 2 c h v ) c o L n  

0 . .  

r - i i 4 r - i r f r i r - I  

000000 
000000 

" O " " 0 "  

0 0 0 0 0 0  
0 0 0 0 0 0  
u3 cua2 0 c u d  
M 3 f v ) f - C o  

0 
a2 
01 

0 

P 

> ~ f c o c o c h r f m t - o u  
3 0  0 o r f m f - 0  Lnf c 
2 0 0,o 0 0 0 ri rf cu (r 

i A i + A r i r - i 4 A A A r  

> o o o o o o o o o c  > o o o o o o o o o c  
> o o o o o o o o o c  

4 cu m a  Lnw f-co c h c  
r 

~ 0 Y " Y l l ~ ) Y O O  

3 

I 

I t 



n 0 0 0 0 0 0 0 0 0 0 0 0 0 (  
0 0 0 0 0 0 0 0 0 0 0 0 0 (  a, 

. r ia  O O O O O O O O O O O O O r  
N f m a O c u f m a O N f l  

r f r - i l - i r l d c u c u N (  

. . " o o . " " ~ u o Q e  

. 



- .  

0 .  

* .  



. .  

. . . ., 

. . .  
, . . ?  

f2- I.  

. -  





. .  

. .  

- .  
- .  

m a  
r n c d  

ai 



0 

D 



. 

h 
L I, 





0 

R1 
Ei 
E: 
0 

.r( 
c, 

.r( 

m 

c, x w 



P 
I 

i 



0 

cd " 
.r( 
c, 

0 
rt 







c, c 
Q 
4 
2 
0 
h 
M 
k 
a, 

4 
Q 
k 
0 
tn u 



. .  

I . . .  

. .  . . ,  . . 
.. . . .  . .. e .  

. .  

. .  . .  . .  
. .  . . . .  

. .. . .. 
. .. . .  

t :  . 
' 1  

PP 
3 .  
PP 
k s 
4 

W 

0 u 

. .  
'. . 





a 
m 
Q 
k 
c, 
m 
¶-I 
td 
.d 

4 
a, 
2 T E 
a 



a 
m 
a, 
k 
VI 
u 

u 



1 

;;i 
cd 
k 
0 
h 
M 
k 
Q 

- c  w 
a 
Q 
k 
0 
t; 



c . .  

1 1 I I t I 
0 0 0 0  ?5a,,,, 



. 
0 ' c u  
cu 

J k  

M 
' -3 

iz 



t 

d 







. .  
. .  . .  

. .  . . .  . . f  . 
.. . ' . .  

. .  



. .  . . .  1 . .  . . .. . 
. . _ .  . . .  

. .  . . .  

. .  . .  . 

, .  
. .. . 

. .  

. I  . _ .  . . . “  

. .  . . .  . 
. .  

... . . . .  
.. . 

. .  

. .  
. .  

. j  .. - .  . .  . .  
. .  . 

. .  
. .  . .  . .  . . .  

. .. . , .  . 
. .  

. .  

. .  

. .  .,- 

.A . 
.. i 

5 *. 
- .  

* 
.* . .: 2.. 
. .. 

m 

s 
M 
k 

2 0 

w 
a 
iu 
k 
0 M c, cn 

0 
0 
u ) .  
I 

. .  
: . 



. .  

. .  
. .  

. .  

. . .  
. .  



. . .  

'. . 
. ,  

. .  

. .  

1 
. .  . . . .  

. .  

. . .  
. . . . .  . .  : 

F . .  

.: 
m 
3 m 
k Z  m 

a 
?. ._ 

rd 
cd 

6 * 
M 
k 
Q) 
F: 
61 
a 
Q) 
k 
0 
m 
-4-3 

< .  . . . . .  . . .  
. _.., .-: . . . . . . .  

. _  
. . . . . . .  . . . . . . .  . -  . . . . . .  

. ._  

. . . . . . . . .  

. .  
: . . -  . .  . . . . . .  

. .  
. .  . .  . .  

. - .  



... . 

. .  



. . .  
- .  

. .  .~ 
. .  . .  ._ . . .  

. .  
. . . .  . . ,  

. . . .  
. . .  . .. . - . .  . 

. .  . . .  - .  . .  
. .  . .  , .  

. -  . 
. .  . . .  . .  

' .. ' . .  
. . .  

. . . .  
.. . .  

.- ... . . .  . . .; . .  
. .  . .  

- .  

, 

. .  







t 


