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ABSTRACT 

This paper is aimed to present the optimisation of the 
design, manufacturing and the controllability of composites 
loop-windings. These loop-windings are parts of the EH 101 
main rotor hub. The material used for the construction of 
the loop-windings is graphite-epoxy composite material. 
The target of the program was to optimize the manufacturing 
process, minimize defects and choose the graphite-epoxy 
material with the charateristics more compatible at this 
application. To obtain this target manufacturing and 
structural tests were carried out, correlations with 
analytical models and the structural tests were performed. 
Research for the non destructive tests were done in order 
to assume the quality of the loop-windings. 

1. INTRODUCTION 

The EH 101 is a multi-purpose helicopter originating 
from the requirement to replace the Sea-Kings and the SH
in service with the Royal Navy and the Italian Navy. 
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The helicopter is located within the 14.000 kg gross 
weight class (Fig. 1). 

The main rotor head is fully articulated with elastomeric 
bearings carrying blade tension loads while allowing flap, 
lag and pitch movements (Fig. 2 and 3). 

In flight the shear loads are transf~ · directly into the 
metallic core ·which is fitted at 20 the most. The centrifugal 
force passing through the elastomeric bearing is carried 
by the composite structure. 

Therefore the composite structure in flight is subjected 
·mainly to centrifugal static loads while the metallic core 
is designed for fatigue loads on the sa·fe-life basis. 

Furthermore on ground the static loads given by .the 
blades are supported also by· :the composite part of the hub. 
For this reason the part should meet specific requirements 
of stiffness. 

Also the composite part of the ~ub is able to carry the 
flight loads in the case of failure of the centre arm. 

The main structural parts of the hub fig. ( 4 and 5) 
are the metallic core with the spline to be fitted with 
the mast, twelve graphite-epoxy composite material . 
loop-windings and the glass-epoxy composite material cases. 

The research presented in this.paper is the optimLgation 
of design, manufacturing and· the controllability of the loop
windings of the hub. 

2. RESEARCH FOCAL POINTS 

2.1 MANUFACTURING OPTIMISATION 

The 
roving 
of the 

items are to be manufactured by winding a tave or 
around a die that has the same shape of the ~nternal form 
loop winding. 

- . 
The problem to be solved becomes more complex 

since two of the loop-windings are not in plane, but 
are complex space forms,(fig. 6,7,8 and 9~ 

The first one, outer lower loop-winding lies on a 
cone surface but changes its distance five times in a 
round, therefore we have a double contour on the shape. 

The second one, internal lower loop-winding lies · 
at the same cone surface as the other loop-winding.but 
is limited at one fifth of the cone surface, this one 
changes also its cross-section the two other loop-windings 
upper external and upper internal are plane and of 
course simpler. 

At this point there are two ways to proceed, first 
one with tape wide as much as the loop-windings and 
roving. 

Of course the tape has a lot of advantages but ~~e 
main concern was its capability of following a double 
contour in a space. The advantages naturally are· less 
winding, more constant properties of the rqw material 
and better detectability of the defects. 
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At the other side the advantages of the roving are 
its capability of following complex shapes in the space 
and that one defect on the raw material gives less · 
extented impact on the cross-section. 

Therefore we followed the decision to optimi~e the 
manufacturing process for loop-windings generated by tape 
leaving the roving alternative in the case of impossibilities 
to produce high quality loop-windings by tape due to complex 
space contour. 

For both applications other tecnological problems 
were to be solved such as: 
- tension of the material during winding 
- radial pressure during winding 
- need of preheating of the raw material 
- geometrical definition of the dies in order to take 

account of their thermal expansion during cure 
- special features for the winding of non-plane loop-windings 

2.2 MATERIAL CHOICE OPTIMISATION 

The choice of the material has been done in progression 
with the development of the manufacturing experience and the 
acquisition of data. 

The focal point of this part of the research was to 
identify which material parameterwould better characterize 
the behaviour of the items, choose the raw materials that 
complies better with these characteristics and test it. 

2.3 NON DESTRUCTIVE TESTS OPTIMISATION 

Main objective of this part of the research was to 
evaluate the best way to perform the inspection of the loop 
windings by x-rays, to determine the detectability of the 
defects and to build the optimum parameters for identifying 
them. 

The non-destructive tests have been used therefore as a 
research sensor aimed as feed-back f.or the optimisation of 
manufacturing process and the material used. 

2.4 ANALYSIS 

In order to support b~e research also an analytical 
approach is required to correlate the experimental data 
and to prepare the basis of the methods of analytical 
evaluation of defects and da~ages on the spar parts, that 
would occur in the future and the evaluation of the impact 
at the complete structure. 

2.5 TESTS 

Included in the EH 101 9rogram are tests of structural 
elements especially dedicated at the optimisation of the 
manufacturing processes, the choice of the materials and 
the investigation of defect and damage tollerance 
characteristics. 

The test planned on the loop-windings were tension 
and flexural tests. 
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The first one simulates approximately the application 
of the centrifugal force and the other one simulates the 
vertical force, typical of ground load cases. 

Also the leading tests performed on a glass epoxy 
loop-winding (fig. 10) and the four-arm scale hub (fig. 11 
e 12) are considered since they gave very significant 
informations for the optimisation of the loop-windings. 

3. PRESENT SITUATION OF THE RESEARCH AND ITS IMPLICATIONS 
IN THE DEVELOPMENT PHASE 

3.1 TESTS PERFORMED ANALYTICAL METHOD TO SUPPORT THEM AND 
CORRELATION BETWEEN THEM 

The first loop-winding (fig. 10) to be produced was a 
glass-epoxy loop-winding with a cross-ply case (leading test 
TP1) . 

The loop-winding was manufactured by winding of tape 
wide as high as the loop-winding. No particular problems 
were found during manufacturing. The item after the curing 
of the cross-ply case on the core was controlled by x-rays. 
No defects were found and that was confirmed by destructive 
tests performed after the end of the structural tests. 
· · The structural tests performed were only static 
tests with only axial load (fig 1 ) in order to evaluate 
if a closed structure like a loop-winding can carry this 

type of load and to correlate the analytical models with 
the experimental results. · 

The structural analysis was performed by use of two 
different methods both by the use of finite element 
programs. 

The first method uses monodimensional elements (fig 14) 
the second one uses tridimensional elements (fig 15). 

For both of the two methods if: was necessary to produce 
special procedures in order to support the traditional 
finite elements codes since they are not able to perform 
a complete structural analysis of composite structures of 
this type. The flow chart of these two methods are shown 
(fig 16 and 17) . 

The experimental data was survied by photoelastic coating 
(fig 18) and displacement measurements. The correlation 
between analytical results and experimental data was very 
good. Fig 19 shows thenax displacements correlation and 
the typical strain correlation in a section is shown 
(fig. 20). 

After, .the manufacturing of the loop-windings for the 
four arm hubs (fig. 11 and 12) was begun , scaled down from 
the hub of the EH-101 helicopter (leading test TP2). 

The manufacturing of these loop-windings gave a lot 
of information used for the manufacturing of the real ones. 

Also the structural tests of the four arm hubs gave 
information about the state of strains and stresses of the 
loop-winding in the hub and the type of failure. 

The loop-windings produced for the four arm hubs are 
manufactured by glass-epoxy for the first specimen and 
graphite-epoxy for all the others. 

This because during the manufacturing of the hubs 
the ground cases of the EH 101 helicopter were evaluated 
and found to request additional stiffness for the hub, 
especially during the folding of the blades. 
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The hubs performed static and fati9ue tests. 
Correlation between the experimental data and the 
analytical results was performed with very good 
results. These tests have cleared out that the 
critical stress for the loop- windings are the 
interlaminal stresses out of the plane of lamination. 

The structural tests were performed only at one 
type of the little loop-windings the internal upper 
one. The choice was done in order to minimize the 
colateral effects due to the out plane form of the 
other two loop-windings and to reduce the test machine 
volume in respect to the fourth one. 

The structural tests performed were a simple in-plane 
tension test and a flexural test simulating the out of 
plane ground loads (fig 21 ane 22) . 

The correlation with the analytical models similar 
with those of the glass loop-winding was very good within 
the limits already presented for ~he glass loop-windings. 

Since a lot of defects were included at those loop
windings we tried to simulate these defects with the 
analytical models but the results are not yet satisfactory. 

The most important information from these tests were 
those optained from the failure of these defected loop
windings. 

The failure of these loop-windings with the inplane load 
began at the middle of the section (fig 23) more distant 
from the line of action of the applied force. 

The analytical models confirmed that at this point we 
have the maximum tension trasverse stress (fig 24) . The 
failure analysis confirm th~~ the failures were interlaminar 
failures. 

The failures at the loop-windings with defects at this 
area were very earlier and of course that is a confirmation of 
the hypothesis. 

After that the tests with the loop-windings for the 
hub of the EH 101 helicopter began. Also only the upper 
internal loop-windings were tested here. 

The structural test performed was the simple tension 
test (fig 25) with two different application of the load 
and the costrain, one concentrates and one distributes. 
The sixteen loop-windings tested manufactured from four 
different materials. On table 1 the materials and their 
results are reported. Also table 2 reports the ratio 
between flexural modulus, tension modulus and the medium 
values of the displacement of the loop- windings. The 
only material out of these ratio is the one with the high 
modulus fiber. 

The most important information of these tests was 
that since the two roving loop-windings and the two 
high modulus lOOf"'Windings have the typical interlaminar 
failure, the two intermediate modulus loop-winding had 
a failure for pressure at the point of application of load 
at a higher level of load of others. 
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3.2 NON DESTRUCTIVE TESTS DEVELOPMENT 

The role of Non Destructive Evaluation in the 
development of a projected structure and the set up of 
the proper technology that allow to realize a good and -· 
reliable component, is·very important. 

Infact the Non Destructive tests allow to save money and 
time, finding a lot of important informations and leaving 
the sample available for any kind of further investigation, 
furthermore N.D. Evaluation supply information that can help 
the comprehension of the behaviour of tested samples and 
simplify the stress analysis. 

In the philosophy of integrated development of any 
component, es?ecially when new materials and/or technologies 
are involved, it is very important to follow a guideline in 
which production, design and inspection people have to work 
very strictly, from the beginning of the development, in 
order to short the time lost between questions and answers. 

In this chapter we report the activity performed in the 
field of N.D.E. during the development of the component and 
we show the results obtained. 

We want to emphasize that in this activity, the N.D. 
Investigation works like a "service" supporting the engineering 
of such a composite structure, nevertheless all the work 
carried out creates the basis of the future Quality Contro·l 
procedure for the real flying component. 

From the shape and the geometry of the structure, a 
radiographic technique was preferred, particularly we choose 
the XERORADIOGRAPHIC method in order to have high quality 
(high resolution, high contrast) images, easy to read in 
the daylight and easy to handle even in the test shop enviro
ment. 

At first some samples, realized using different winding 
techniques, were inspected by xeroradiography and then 
dissected in order to determine the typical defect and their 
radiographic images. 

In ·ithis phase there was a usefull feed-back from the 
radiographic inspection to the production technique and in a 
quite short time it was possible to set up all the winding 
parameters and to find reliable methods to produce internal 
and external rings. 

Then, some little specimens, cut out from a defective 
ring, were submitted to mechanical tests, in order to evaluate, 
roughly, the influence of flaws on mechanical properties, and 
mainly, to produce some failures due to well known defects 
oituaeieHe, and controlled applied load. 

Some significant pictures of N.D.I. are presented. For 
instance in (Fig 26) some tridimensional marcel are included 
in a roving made loop-winding. A typical delamination is 
shown in (fig 27) for a tape loop-winding. A bad compactation 
is shown in (fig 28). Flat and tilted projection of a 
Xeroradiographic image of a significant sample is shown in 

(fig 29) i delamination resin/air bags and marcel in the 
external part can be shown. 
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Next are presented some photographic views of defects 
defected by N.D. I. and then sectioned (fig. 30 and 31). 

A photographic view (10X) (fig 32) of the transverse 
cross section of a typical failure surface. From the 
separating lines between different transverse planes; it 
is easy to see that frye failure mode is mainly driven by 
the reduced interlaminar shear properties of the defected 
laminate. 

At the end in (fig 33) both sides of the interlaminar 
failure of a specimen are shown. 

The Xeroradiographic was the method used during the 
research but since the QHality Control of the manufacturing 
plans uses the normal X-ray inspection also trains between 
the two methods was done and we arise also by the normal 
X-ray inspection high standard. 

3.3.MATERIAL AND MANUFACTURING EVALUATION 

The first graphite loop-windings (scaled) were produced 
in order to save time with the graphite-epoxy material 
already available for other programs. 

There were produced loop-windings by tape as high as the 
width ofthe loop-winding (12.8 mm) by a graphite epoxy material 
with high modulus fiber at a volume fraction of 50%. 

With this material,tension of the tape and a radial 
pressure were carefully chosen, but fDe results especially for 
the no-plane loop windings were very bad. The typical defects 
were delaminations. This is due to the high percentage (~20%) 
of damaged tape during cutting. 

For the loop-windings produced by roving,,,a graphite-epoxy 
material with moderate modulus, moderate strain fiber at a 
volume fraction of 60%, was used. 

The problem with this material was the low resin content 
and the high percentage of voids in the loop windings. 

The part requested for the production of the four arm 
hubs were manufactured but with scraps of about 75% of the 
parts produced. 

From the experience of the manufacturing of the scale 
loop-windings the informations obtained from the structural 
tests and of course from the design requirements, the choice 
of the raw material has to be done. 

From this data it was decided to choose a raw material 
with interlaminal properties as high as possible. This 
material is the graphite-epoxy tape with intermediate modulus 
high strain graphite fibers 50% in volume. 

A raving material with ·the same graphite fibers 46% in 
volume and tape with moderate modulus fibers was considered 
as an alternative. 

With the chosen material the results were soon very good 
especially for the two planes loop-windings (table 3) also 
for the other two loop-windings after the definition of the 
manufacturing procedure the results were acceptable. 
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Furthermore after the results of the structural tests, .. 
where the results of the intermediate modulus graphite epoxy 
tape were very good, it was clear that this was the right 
choice. 

In table 4 the results of the prototype production is 
shown. In table 5 the total preliminary production and 
prototype is shown. It is clear that the result is very 
good but some work is to be done for the no plane loop-windings 

CONCLUSIONS 

The targets of the first part of the optimization program 
of the composite loop-windings for the EH-101 Helicopter hub 
have been reached. 

The main manufacturing problems were solved , the raw 
material was chose~ and the controllability by non destructive 
methods was demostrated. 

Also the fundamentals for the defect and damage analysis 
of these loop-windings have been developed. 
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DISTRIBUTED CONCENTRATED 
LOAD LOAD 

APPLICATED APPLICATED 

6x (mm /1000 Nt) 6x (mm /1000 Nt) 

1 .2024 .227 

HIGH MODULUS 2 . 2 
HIGH STRAIN 

TAPE 3 .2024 

4 . 1 948 

5 .22 

6 .2 

--~ = 50% CD 7 . 1 968 

MODERATE 8 . 2472 
MODULUS 
TAPE 9 . 2472 

VF = 50% 010 .2424 

.INTERMED. 1 2 .253 
MODULUS 
TAPE 15 .2168 .226 

VF = 50% G)n .2154 .2354 

INTERMED. 1 1 . 33 (DAMAGES) 
"'1DULUS 
•. .JVING C2 .208 .2142 

VF = 46% @c5 .2016 .2092 

TABLE 1 



6x1 ;L1x2 

Et1/Et2 1 2 3 4 

Ef1 /E.f2 -
1 • 23 2 1 . 084 1 . 027 

1 1 1. 47 1.24 1. 13 

1. 415 1.28 1. 25 

0.878 0.835 

2 1 0.85 0.766 

0.905 0.855 

0.948 

3 1 0.915 

0.975 

4 1 

TABLE 2 



PRELIMINARY 
PRODUCTION 

LOWER INTERNAL 

LOWER EXTERNAL 

UPPER INTERNAL 

UPPER EXTERNAL 

TOT. PROD. 

PROTOTYPE 
PRODUCTION 

LOWER INTERNAL 

LOWER EXTERNAL 

UPPER INTERNAL 

UPPER EXTERNAL 

TOT. PROD. 

PRELH1INARY & 
PROTOTYPE PROD. 

LOWER INTERNAL 

LOWER EXTERNAL 

UPPER INTERNAL 

UPPER EXTERNAL 

TOT. PROD. 

TOTAL TEST$, 
PRODUCED OTHER 

MATERIALS 

1 8 4 

7 3 

30 1 3 

4 1 

59 21 

26 

4 

25 7 

4 

59 7 

44 4 

1 1 3 

55 20 

8 1 

118 28 

PRODUCED O.K. PERCENTAGE 

14 10 71 . 5% 

4 2 50% 

17 1 6 94% 

3 2 66.6% 

38 30 79% 

TABLE 3 

26 20 77% 

4 2 50% 

18 16 88% 

4 4 100% 

52 42 80.8% 

TABLE 4 

40 30 75% 

8 4 50% 

35 32 91. 4% 

7 6 85.7% 

90 72 80% 

TABLE 5 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (457.56 696.76) Right top (595.52 819.83) points
      

        
     0
     457.558 696.7596 595.5201 819.8337 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (6.95 127.05) Right top (56.57 836.71) points
      

        
     0
     6.9477 127.0453 56.5744 836.7068 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (15.85 265.43) Right top (48.53 571.47) points
      

        
     0
     15.8467 265.4345 48.5305 571.4739 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (27.73 789.37) Right top (81.21 838.89) points
      

        
     0
     27.7317 789.366 81.2143 838.8869 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (23.93 280.20) Right top (65.82 764.84) points
      

        
     0
     23.9328 280.1978 65.8152 764.8372 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (25.93 794.75) Right top (93.74 841.62) points
      

        
     0
     25.9272 794.7532 93.7368 841.6216 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (19.77 785.70) Right top (83.02 831.17) points
      

        
     0
     19.7666 785.7048 83.0195 831.1679 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (14.82 259.91) Right top (54.36 556.41) points
      

        
     0
     14.8249 259.9146 54.358 556.4128 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (13.87 267.53) Right top (60.44 548.93) points
      

        
     0
     13.8717 267.5317 60.4411 548.9296 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (16.84 769.89) Right top (71.34 821.41) points
      

        
     0
     16.8442 769.8865 71.3403 821.4101 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (22.83 770.21) Right top (88.34 835.71) points
      

        
     0
     22.8283 770.207 88.3355 835.7142 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (8.93 254.09) Right top (67.49 556.81) points
      

        
     0
     8.9328 254.0896 67.4923 556.8123 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (11.87 258.17) Right top (54.40 552.94) points
      

        
     0
     11.8698 258.1726 54.4031 552.9387 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (0.99 75.07) Right top (58.29 841.68) points
      

        
     0
     0.9879 75.0721 58.2858 841.6791 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (284.25 9.90) Right top (591.28 57.44) points
      

        
     0
     284.2502 9.9042 591.28 57.4443 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (11.91 245.05) Right top (60.52 565.50) points
      

        
     0
     11.9053 245.051 60.5189 565.5035 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (13.85 236.41) Right top (54.40 560.85) points
      

        
     0
     13.8481 236.4113 54.4031 560.8519 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (77.06 456.41) Right top (610.52 541.37) points
      

        
     0
     77.0559 456.4078 610.5195 541.3668 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (344.78 106.69) Right top (403.06 143.24) points
      

        
     0
     344.7756 106.6927 403.0614 143.2449 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (500.86 10.87) Right top (562.11 51.37) points
      

        
     0
     500.8631 10.8669 562.1126 51.3706 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (287.48 26.67) Right top (326.99 52.36) points
      

        
     0
     287.4776 26.6732 326.9934 52.3585 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (135.34 470.24) Right top (272.66 517.66) points
      

        
     0
     135.3417 470.2383 272.6592 517.6573 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (297.36 13.83) Right top (332.92 42.48) points
      

        
     0
     297.3566 13.8305 332.9208 42.4795 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (466.29 5.93) Right top (550.26 59.27) points
      

        
     0
     466.2867 5.9274 550.2579 59.2737 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (660.90 48.41) Right top (686.59 72.12) points
      

        
     0
     660.9022 48.4069 686.5875 72.1164 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (601.63 518.65) Right top (735.98 539.39) points
      

        
     0
     601.6284 518.6452 735.9822 539.391 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (292.42 499.88) Right top (490.98 543.34) points
      

        
     0
     292.4171 499.8752 490.9841 543.3426 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (209.43 2.96) Right top (673.74 133.37) points
      

        
     0
     209.4339 2.9637 673.7448 133.3659 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (45.44 514.69) Right top (319.09 544.33) points
      

        
     0
     45.4432 514.6936 319.0903 544.3305 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (643.12 520.62) Right top (734.01 557.17) points
      

        
     0
     643.1201 520.621 734.0064 557.1731 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (512.72 541.37) Right top (684.61 595.70) points
      

        
     0
     512.7178 541.3668 684.6116 595.701 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (437.64 517.66) Right top (511.73 571.00) points
      

        
     0
     437.6378 517.6573 511.7299 571.0037 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (375.40 510.74) Right top (437.64 555.20) points
      

        
     0
     375.4003 510.742 437.6378 555.1973 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (748.82 410.96) Right top (777.47 439.61) points
      

        
     0
     748.8249 410.9646 777.4738 439.6136 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (760.68 289.45) Right top (787.35 334.90) points
      

        
     0
     760.6796 289.4534 787.3528 334.8966 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (669.79 39.52) Right top (709.31 75.08) points
      

        
     0
     669.7932 39.5158 709.309 75.0801 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (615.46 13.83) Right top (731.04 48.41) points
      

        
     0
     615.459 13.8305 731.0427 48.4069 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (533.46 19.76) Right top (547.29 35.56) points
      

        
     0
     533.4636 19.7579 547.2942 35.5642 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (523.58 1.98) Right top (539.39 44.46) points
      

        
     0
     523.5847 1.9758 539.391 44.4553 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (280.56 -8.89) Right top (525.56 64.21) points
      

        
     0
     280.5623 -8.8911 525.5605 64.2132 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (287.46 566.95) Right top (440.63 598.78) points
      

        
     0
     287.4561 566.9548 440.6333 598.7839 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (94.49 547.06) Right top (209.87 570.93) points
      

        
     0
     94.4925 547.0617 209.8728 570.9335 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (251.65 5.97) Right top (573.92 72.61) points
      

        
     0
     251.6484 5.9679 573.9175 72.61 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 18 to page 18
     Mask co-ordinates: Left bottom (141.27 457.40) Right top (739.93 582.86) points
      

        
     0
     141.2691 457.3957 739.9338 582.8584 
            
                
         18
         SubDoc
         18
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     17
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 18 to page 18
     Mask co-ordinates: Left bottom (274.63 1.98) Right top (576.93 52.36) points
      

        
     0
     274.635 1.9758 576.931 52.3585 
            
                
         18
         SubDoc
         18
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     17
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 19 to page 19
     Mask co-ordinates: Left bottom (514.69 0.99) Right top (577.92 45.44) points
      

        
     0
     514.6936 0.9879 577.9189 45.4432 
            
                
         19
         SubDoc
         19
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     18
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 19 to page 19
     Mask co-ordinates: Left bottom (283.53 10.87) Right top (344.78 45.44) points
      

        
     0
     283.526 10.8669 344.7756 45.4432 
            
                
         19
         SubDoc
         19
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     18
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 20 to page 20
     Mask co-ordinates: Left bottom (285.50 0.00) Right top (570.02 52.36) points
      

        
     0
     285.5018 0 570.0157 52.3585 
            
                
         20
         SubDoc
         20
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     19
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 21 to page 21
     Mask co-ordinates: Left bottom (278.59 12.84) Right top (571.99 48.41) points
      

        
     0
     278.5865 12.8426 571.9916 48.4069 
            
                
         21
         SubDoc
         21
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     20
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 22 to page 22
     Mask co-ordinates: Left bottom (277.60 9.88) Right top (565.08 59.27) points
      

        
     0
     277.5987 9.879 565.0763 59.2737 
            
                
         22
         SubDoc
         22
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     21
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 23 to page 23
     Mask co-ordinates: Left bottom (283.53 12.84) Right top (556.19 56.31) points
      

        
     0
     283.526 12.8426 556.1852 56.3101 
            
                
         23
         SubDoc
         23
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     22
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 25 to page 25
     Mask co-ordinates: Left bottom (278.55 15.86) Right top (572.96 57.49) points
      

        
     0
     278.5476 15.8604 572.9556 57.4938 
            
                
         25
         SubDoc
         25
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     24
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 26 to page 26
     Mask co-ordinates: Left bottom (16.79 276.60) Right top (49.39 555.19) points
      

        
     0
     16.7942 276.6028 49.3948 555.1894 
            
                
         26
         SubDoc
         26
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     26
     25
     1
      

   1
  

 HistoryList_V1
 qi2base



