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FOREWORD

The practical lamination and testing work for thigsis was conducted at ARCADA
laboratory in the spring of 2010 by the author #resbis supervisor Rene Herrman.

The author wishes to thank Mr Herrman for his supgaring the thesis writing proc-
ess.



1 INTRODUCTION AND OBJECTIVES

The focus of this thesis is the energy absorpticen glow, non cutting impact that simu-
lates a collision at sea. With the results of #sts and application of a simplified mo-
mentum model it is possible to predict the necgssandwich laminate energy absorp-

tion for the hull of a watercraft of a certain intked mass and speed.

This thesis applies the equations for kinetic epengd Hooke’s law to determine the
necessary thickness of the sandwich laminate nefedelde hull to survive impact. The
assumption being that the laminate behaves likeriagsup until the point of skin rup-

ture.
The objectives of this thesis are

1) Develop a mathematical model that would predictit@laviour of the sandwich
laminates and to prove the model works to a redderdegree.

2) Show that the results from the energy absorptialitieb of the foams correlate
with the stated compressive modulus and shear msdwdlues for each foam

core.

2 LITERATURE SURVEY

2.1 COMPOSITES AND THEIR BEHAVIOUR

Due to the nature of composite structures defigingrgy absorption abilities for com-
posites is different from structures made fromitradal homogenous materials. (Saare-
la, O. Airasmaa, I. Kokko, J. Skrifvars, M. Kompp&,2003)

Although the principle behind composite structuse® combine the benefits from two
distinct materials they also suffer from weaknessésted to both or all the materials
included in the composite structure. Defects aadi$l may originate in any of the indi-
vidual components of the composite, in their irge€f or in the way the matrix and rein-
forcement components are distributed in the stredby producing areas with either too

much resin or not enough resin. In addition, mactuféng conditions play a role in the
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integrity of the final composite structure. Moigturarious chemicals etc. can affect the
coupling of the fibres and resin. Scratching tiees may lead to unexpected failure. It
is also important to understand that design featateh as joints, holes, ply drops in
laminates etc. can contribute to failure. Whenilaif@ occurs it is always due to an ac-
cumulation or combination of various sorts of damagch as instantaneous, impact

type to creep or slow crack propagation and fatiglgerin, Myer, 1996).

2.2 MATHEMATICAL MODEL

Since the parameters in focus in this thesis weoekilae relation of the boats speed and
mass to the amount of energy its hull needs torabsithout penetration during a colli-
sion it is necessary to start from the equatioRioétic energy of a moving body (I.S.
Grant, W.R. Phillips 2001).

E, = Emvg = E,

Equation 1: Kinetic energy of a moving body
When the boat collides with the object, momenturooisverted to velocity; through
the following function (I.S. Grant, W.R. Phillip©@1):

mg
VW =———"""—"—*7
my + my

Equation 2: Conversion of momentum during collision

By inserting thev; value into the kinetic energy equation with the maass of both the

boat and the collided object it is possible to datree the kinetic energy after collision.

1 2
E1=Em0v1

Equation 3: Kinetic energy after collision

The change in energyA(E = Ey— E1) can be found to be:



1 m, 2 1 m, 2
AE = - m, <v§ — (—) vé) =-—myvi(l — (—) )
2 mo + my 2 mo + my
Equation 4: Change in energy

The amount of energy absorbed by the compositdedound by integrating the force
over distance. Here k is the equivalent spring torisdescribing the elastic part of the
energy absorption before the fibres start to absiogbenergy by rupturing. It can be
seen as the slope of force over distance needednetrate the sandwich. Smalis
used to denote the total displacement of the omflisnto the sandwich laminate (I.S.
Grant, W.R. Phillips 2001).

1
AE=W=des=§kx2

Equation 5: Integrating force over distance

Since the change in energy is known the equatiarbeaseen as:

k=<AE>*2

x 2
Equation 6: solving for constant

Or when solving for the displacement of the cadlisinto the foam:

_ |@E=*2)
= E

Equation 7: Solving for displacement

In the above equatiom max is the full thickness of the laminate, k astant,AE is
dependent om,, m, andv,. Equation 8 is relevant when determining the maxm
allowable speed of the watercraft singeis the only variable that can be affected when

the boat is at sea.

2 xAE
mo(1-(55) )

Equation 8: Solving for maximum allowable speed

Vy =
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2.3 Three-point-bending

In order to produce a total penetration the sanklaeninates were place on top of a
cylindrical object as can be seen in Figure 5 witif 76,5mm diameter hole that would
allow for the steel balls to be pushed through ldminate. This method attempts to

avoid three-point-bending. Figure 1 shows how feraet on a test piece in three point

\ 1 ronce
'1 5—' Qq 1 ronce ',

I REACTION FORCE 1 LI +“— % - _% _’ I F
2 ‘ ’ 2

bending.

TEST PIECE

Figure 1: Sketch of three point bending

When three point bending is introduced into thé pescess it allows the structure to
flex over an area that is larger than the ball dsetesting (Deflection of beams 2010)
and would affect the results obtained. Figure S\shiine test setup at ARCADA lab.

3 METHOD

In the practical experiment done for this thesis imaterials used have been: bi-axial -
45/45 E-glass 300 fibre 430mf, Atlac 580 AC 300 vinyl ester (tensile strength
78MPa) and 7 different types of 10 mm thick Divielfdoam (DIAB). Figure 2 shows

a schematic of a foam core sandwich laminate. @nated bottom are the fibre and

resin skins and in between them is the foam core.

11



Skin

N\

Foam core

Skin /

Figure 2: Schematic of a foam core sandwich laminate

3.1 Foam cores

Seven different foam cores were used in the lare@mathe foam cores differed in mate-
rial composition with the cores denoted by P beewyclable. Cores denoted by H have
a high strength to density ratio and are widelydusevarious applications including
marine applications (APPENDIX 1).

Table 1: Foam core properties

Material Tensile strength | Compressive strength
M Pa M Pa

H250 9,2 6,2

H100 3,5 2,0

H80GS (grid-scored)| 2,5 1,4

P150 2,45 2,30

H60 1,8 0,9

H45GS (grid-scored)| 1,4 0,6

P60 1,10 0,55
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The actual laminates were formed by applying fayels of glass on top of the foam
core and four layers on the bottom. Figure 3 shBSGS foam core with grooves to
assist resin flow. These grooves will affect thenpoessive strength of the foam due to
added resin columns. Some foam cores used ingkishaid grooves cut right through
the foam. When laminated, the resin will form aureh between the top and bottom
skin affecting compressive strength of the strieetll the laminates were laminated
with bi-axial -45/45 E-glass fibre 430g/, Atlac 58C 300 vinyl ester.

. Divinycell |
H 45 G§

Figure 3: Divinycell H45GS foam core before lamination

Vacuum infusion was used as the construction metfathe sandwich laminates. A
vacuum of -0.8 Bar was used during the one shatsiah of all of the foam cores si-
multaneously resulting in a uniform laminate. Igudiie 4 the vacuum line can be seen at

the top left of the image.

Figure 4: Vacuum infusion of cores
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The foam cores are lined up on top of a glass pdtethe glass fibres wrapped around.
Resin injection line can be seen to the right ef gkass plate. After infusion the lami-

nates were cut to size so that they can be subjéct®rce tests on the Testometric ma-
chine at the ARCADA lab.

Figure5: Test setup at ARCADA lab

Figure 5 shows the testometric machine with theahsgthere at the end of a conical die
that was pushed into the sandwich laminates. Thadrical holder for the sandwich

laminates can be seen at the base of the machine

Figure 6 shows the edge of one of the laminatesabee cut to size. It was decided that
it was unlikely that the peel ply affected the tessignificantly and so it was left on the

laminates.

14



Figure 6: Edge detail of H100 foam core sandwich laminate

3.2 Energy absorption in recreational water craft

Buster X and Nautor Swan 60 models were choseemessentatives of totally different

types of recreational boat.

The Buster X is made from aluminium and is a plagriull motorboat with a maxi-
mum weight with a Honda 75 Hp outboard engine @8kly. (APPENDIX 2), (Honda
BF75 Outboard Engine — 75 hp boat motor specs aatlifes 2010). Both boats are

manufactured in Finland.

Nautor Swan 60 is a sailing yacht with a mass ofaast 20 000 kg (Technical Details
Swan 60 2010).

Figure 7 shows the respective kinetic energiesotii boats at various speeds in knots
on a logarithmic scale. It is notable that for 8wan sailboat speeds beyond 25 knots
will not be achieved under normal operation du¢ht fact that it is a semi displace-

ment hull and has a maximum speed relating to tiiddngth.

15
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Figure 7: Kinetic energies (Ek) of Swan and Buster X

3.3 Sea Containers as colliding objects

Sea containers were chosen as the colliding obJéetse range from less than 20 000

kg to around 40 000 kg masses when fully laderm@disions Of Sea Containers 2010)

Figure 8 uses Equation 7: Solving for displacenemtetermine the effective deflection
a roughly 24000 kg sea container would cause ioryh® P60 foam core if it were used

as the hull material of either a Swan or a BustatbThe graph implies at the necessary

thickness required to survive the collision.
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P60 Displacement (m)
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Figure 8: Displacement of collision in P60 foam core

4 RESULTS

Each foam core laminate was cut out with a bandfsamw the one shot laminate struc-
ture. They were then subjected to a destructiveeftest on the Testometric machine at
ARCADA engineering lab. The range of the machiné&asn 4,00N to 5000N with a
load Cell / Amplification of 500kgf. (CalibrationeZtificate 2007, Testometric materials

testing machines)

The 21mm diameter sphere did not manage to peeetrst of the laminates so the re-
sults are included only for the 13,5mm sphere patieh tests. In this case penetration

was achieved in all laminates except with H250 faame.

4.1 Equivalent model

It is necessary to understand what is happenitiggsandwich laminate during the ap-
plication of force. Figure 9 shows the force dmition in P60 foam sandwich laminate
as the sphere penetrates through the laminatemduel graphed in Figure 9 can be
applied to all laminates with the exception of H@Bere it was not possible to deter-

mine the force redistribution point without reasoleadoubt.
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Figure 9: Critical points during testing of P60 foam core sandwich laminate

The stages in Figure 9 are:

D

GV

In the first stage the force is taken up by thelh
laminate structure which goes into compression as

the top skin stiffness distributes the force.

The second point is the end of the saddle, where
the top skin no longer absorbs the force but is now
beginning to bend and the force is distributed into
the foam core, which is in compression during

stages 2 and 3.

Force redistribution point. Small notches in the
graph indicate fibre delamination in the top skin

and foam interface.
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End of elastic deformation means that the foam

core is no longer elastically absorbing the force.
?7}— From this point on the core is plastically damaged.
s : —
?ﬁ - The surface skin has suffered delamination and the

core will suffer water damage from this point on-

wards.

At this point the load is now absorbed by the bot-

tom skin. As the graph progresses, notches denote
— fibre delamination in the same way as after point 3
yd
T\Q@gyf!;’ The hull can no longer be considered watertight.

The end of the lower surface deformation. The die

used for the test has now fully penetrated the

sandwich laminate.

The notable portion of Figure 9 is between stagasd@4 where a relatively straight line
can be seen. This is the portion that indicatesttfebehaviour of the sandwich lami-

nate follows the behaviour of a simplified spriranstant.

The following figures (Figure 10 to Figure 16) 8luate portions between point 2 and

point 4 of the same graph as in Figure 9.

A trend line has been calculated with tifevalue displayed. The? value describes
how closely the trend line follows the chart daazalue of 1 would mean a perfect re-
lationship. Visible in the charts is also the yuebr slope of the line. This slope can be
related to the modulus of the foam core as thellieval’he unit of this value is N/mm
due to data scale. It is notable that this is Hreesdata as used in Figure 9 and Figure
17 but with fewer data points. The graphs have lmeerected to start from the end of

the saddle point at the x-axis.
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Figure 10: H250 laminate with y = 725,68 at an occurrence rate of 99,48%

Force [N]
4000,0
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2000,0

1000,0

0,0

H100

y =530,24x - 2026,8 P

R?=0,9936
e 100
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Figure 11: H100 laminate with y = 530,24 at an occurrence rate of 99,36%.

Force [N]
4000

H80GS

3000

y=507,15x - 1620,6

2000

R?=0,9928
e H80GS

1000

5 6 7 8 9 10 mm

Figure 12: H80GS|laminate with y = 507,15 at an occurrence rate of 99,28%
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P150
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R?=0,9921
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5 6 7 8 9 10 mm

Figure 13: P150 laminate with y = 574,5 at an occurrence rate of 99,21%

Force [N]
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H60
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Figure 14: H60 laminate with y = 446,62 at an occurrence rate of 99,86%
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Figure 15: H45GS laminate with y = 362,31 at an occurrence rate of 99,1%
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y = 460,18 - 1887
2500 R?=0,9838
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e P 60
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500 4“"“;'

o=
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Figure 16: P60 laminate with y = 460,18 at an occurrence rate of 98,38%

Figures 10 to 16 show that between the saddle joidtthe end of elastic deformation
point the force distribution over distance formsaimost 99% of the cases a straight
line. The exception is P60 laminate, with 98% rdtes makes it reasonable to assume
that a simple spring model can be used in detengithie performance of these foam

cores in a collision situation.

22



4.2 Comparison of laminates

Below is a graph of the force over distance distidn of all the laminates. It is notable
that the data for H250 is not complete due to miadility to fully penetrate the laminate.
What is visible, however, is that the force digitibn curves are similar between all the

laminates with the aforementioned H250 as an eiarept

FoceN 5 150
5000 RS0
4000 H_60
2000 H_100
2000 ——-H_250
1000 ......... H4SGS
. —H80GS

Figure 17: Force distribution of sandwich laminates

This can be seen as confirmation that the laminagbsive in a similar way regardless
of the type of foam core used in them. Importantlys visible that the graphs of all

laminates contain a straight line from the endhef $addle until the force redistribution
point. Confirmation that it is reasonable to ussmaplified model for a spring constant
to describe the behaviour of a sandwich laminatebzaseen from Figure 10 to Figure
16.
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Figure 18: Energy absorption of laminates

Figure 18 displays the amount of energy absorbeghloy laminate as the ball is pushed
through during the testing. In this graph it isaté that the values for y-axis are in
thousandth of Joule. It is also notable that tistadice exceeds well beyond the 10 mm
average thickness of the laminates. This is dulkddact that the ball was allowed to go
through the laminate instead of the laminate béialyl on a solid surface. Thus the
laminate has the ability to keep absorbing enengyl the ball has penetrated right

through the laminate (see Figure 5 for the testpget

Table 2: Energy absorbed by laminates during penetration test

Start | 1st. Force end of Inner Inner
Saddle | redist. elastic surf. surf.
point def. start end

P150 s (mm) 2,76 3,64 6,65 9,23 17,23 22,22
E (J) 559 6945 | 134228 387031 | 1065868 | 1473994
P60 s (mm) 3,23 4,40 8,29 10,16 16,46 22,57
E (J) 502 8097 | 151797 321 746 672591 | 1070065
H60 s (mm) 3,19 4,16 18,52 20,67 24,13
E (J) 533 7 113 1134867 | 1345917 | 1674897
H100 s (mm) 3,08 4,07 9,49 11,02 14,85 21,64
E (J) 494 7110 | 323377 500 977 765856 | 1317281
H250 s (mm) 2,72 3,47 8,48 10,28 10,62 16,44
E (J) 518 6 005 | 395 008 692 730 735117 | 1584810
H45GS s (mm) 3,69 4,97 10,87 14,54 22,66 25,23
E (J) 646 9525 | 281484 664 938 | 1302623 | 1524865
H80GS s (mm) 2,62 3,56 8,87 10,16 14,88 19,54
E (J) 518 7268 | 311852 459 571 821548 | 1244002
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Table 2 displays the data used for drawing the lggaghown from Figure 10 to Figure
16. It is notable that E stands for energy andviiees are in thousandth of a Joule. The
values for inner surface start and end for H250rate are in yellow due to the inabil-

ity to fully penetrate the laminate.

5 ANALYSIS

As shown in Figure 17, the force distribution ie thminates is rather straight until the
end of the elastic deformation stage (stage 4)s Wuould imply that these laminates

behave in a spring like fashion to a certain mesegle point.

Although Figure 8 would imply that a thickness ofeo 40 cm of P60 foam core is
needed for a Swan 60 to survive a collision wi4800 kg container at 20 knots speed
it is not necessarily the case in practice duéecaictual amount of reinforcement mate-
rial used. The graph in Figure 8 is based on th& fB&m compression strength value
from DIAB datasheet (APPENDIX 1)

Figure 19 shows the relationship between the matwkrs stated compression and
shear modulus values and the k —value derived th@ractual tensile test of the lami-
nates (Figure 10 to Figure 16). The graph for c@sgre modulus occurs at a rate of

90,5%. In the case of shear modulus the rate afroeece is 88,34%.

It is evident that most of the datasheet valuesetate with the y-slope (k-value) from
the actual tests. There are a few exceptions haweMbGS, P60 and H80GS respec-
tively.

It would be reasonable to expect better performdrama foams that have grooves in
them or even cuts through them due to their abibtyold more resin and especially
when the resin connects both top and bottom sHihs. data would imply such per-

formance for HB0GS and P60 but not so for H45G% ftotable that the die used for
the penetration is smaller than the individual foaquares formed by the cuts and
grooves so the full benefit of the interconnectidrihe laminates might not be reached

in this test.
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Figure 19: Compressive and Shear modulus of laminates

5.1 Practical application

In order for the work to have practical meaninghbuld be possible to determine the
maximum allowable speed of the vessel.

2xAE
m(1-(52) )

Equation 9: Solving for maximum allowable speed

Vy =

In the above equatiow, denotes the maximum allowable speed for the véissples-
tion, the z value is a mass ratio:
my
z=—
mO

Equation 10: Massratio
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5.1.1 Buster and Nautor Swan at sea

In a hypothetical situation where the captain &uster X would have reason to expect
to encounter sea containers of 23956kg mass theidwealculate according to Hooke’s

law for potential stored energy:
AE ! k * x?
= — % *
> X

The data used in this thesis needs to be normdbséddin the following way:

k =y —value from tests * 1000 * (x * 100)

11: Normalising k-value

Here k is the y —value taken from the graphs ofifeidLO to Figure 16 and multiplied
with 1000 to correct for scale. The thickness effibam in metres is denoted by x times
100 to get a multiplier assuming the foams behawba same way regardless of thick-
ness.
This value is then used in the final formula toduce the maximum allowable speed
for the water craft before the foam core reachestid of elastic deformation (Equation
9), which in all practical sense means a brea¢heohull.
Below are two tables that illustrate the calculatand result for maximum allowable
speed for both Buster X and Nautor Swan boats wiofliding with a sea container in

the hypothetical case where the boats would be rohte same laminates as tested in

this thesis.
Table 3: Maximum allowable speed for Buster X with tested laminates

H250 P150 H100 H80GS P60 H60 H45GS
k 725,68 547,50 530,24 507,15 | 460,18 | 446,62 362,31

725 547 530 507 460 446 362
k*(x*100)*1000 | 680,00 500,00 240,00 150,00 | 180,00 | 620,00 310,00
AE 36,28 27,38 26,51 25,36 23,01 22,33 18,12

m/s 0,26 0,22 0,22 0,21 0,20 0,20 0,18
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Table 4: Maximum allowable speed for Nautor Swan with tested laminates

H250 P150 H100 H80GS P60 H60 H45GS
k 725,68 547,50 530,24 507,15 | 460,18 | 446,62 362,31
725 547 530 507 460 446 362
k*(x*100)*1000 | 680,00 500,00 240,00 150,00 | 180,00 | 620,00 | 310,00
AE 36,28 27,38 26,51 25,36 23,01 | 22,33 18,12
m/s 0,08 0,07 0,07 0,07 0,07 0,07 0,06

In Table 3 the values for Buster X are as follows:
m, = 1168 (kg)
m,; = 23956 (kg)

x =0,01 (m)

In Table 4 the values for Nautor Swan are as faitow
m, = 18700 (kg)
m,; = 23956 (kg)

masses. The Nautor Swan at almost 20 000 kg wouybéiit a lot more energy for the

laminate hull to absorb during a collision and leager maximum allowable speeds as a

result.

A secondary calculation was done to see what gwds would look like if the mass of

x = 0,01 (m)
The maximum allowable speed for the vessels diffatier due to the difference in

the colliding object was lesser and the hull thedses larger.

A Buster X was chosen to be the colliding objeet) and the hull thickness (x) as 0,04

m (four times the thickness of the tested lamirjates
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Table 5: Buster X colliding with Buster X

H250 P150 | H100 | H80GS P60 H60 H45GS

k 725,68 | 547,50 | 530,24 | 507,15 | 460,18 | 446,62 | 362,31
2902 2190 | 2120 2028 1840 | 1786 1449
k*(x*100)*1000 | 720,00 | 000,00 | 960,00 | 600,00 | 720,00 | 480,00 | 240,00

2 1 1 1 1 1
AE 322,18 | 752,00 | 696,77 | 622,88 | 472,58 | 429,18 | 1 159,39
m/s 2,82 2,45 2,41 2,36 2,25 2,21 1,99

Table 6: Nautor Swvan colliding with Buster X

H250 P150 H100 | H80GS P60 H60 H45GS

k 725,68 | 547,50 | 530,24 | 507,15 | 460,18 | 446,62 | 362,31
2902 2190 | 2120 2028 1840 | 1786 1449
k*(x*100)*1000 | 720,00 | 000,00 | 960,00 | 600,00 | 720,00 | 480,00 | 240,00

2 1 1 1 1 1
AE 322,18 | 752,00 | 696,77 | 622,88 | 472,58 | 429,18 | 1 159,39
m/s 2,06 1,79 1,76 1,72 1,64 1,61 1,45

With a thicker hull and a lighter object to collidéth both boats have higher allowable
maximum speeds for all laminates.
In Table 3 the values for Buster X are as follows:
m, = 1168 (kg)
m, = 1168 (kg)
x = 0,04 (m)
In Table 4 the values for Nautor Swan are as fdatow
m, = 18700 (kg)
m,; = 1168 (kg)
x = 0,04 (m)

6 DISCUSSION

To relate the formulation and the results of thiewdations to the actual tests made on
the completed sandwich laminates it is importantetlise the difference in the struc-
tural properties of a composite laminate and tremioln the composite laminate the
purpose of the fibre reinforcement is to distribtlte force over a large area in order to

create a strong structure. The matrix resin hasreio compression strength and the
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fibres will react differently once delamination ocs. What this means is that the per-
formance of the laminate in a collision situatioill whange depending on the type of
reinforcement, the resin and the way the laminate leen manufactured. This means
that these results are not directly applicableug ®n any given laminate. It is advis-
able to conduct a test run on a laminate made fotlteointended materials for calibra-

tion purposes.

The laminates studied in this thesis had four ydrglass fibre on each side of the
foam core. All tests were conducted in room temipeea A future study should deter-
mine how the sandwich laminates behave with differeinforcement and matrix mate-
rials and at different temperatures. This couldibee either as a separate thesis work or

as coursework by students.

Some of the foam cores had grooves and cuts in ¢hgnto make it easier to wrap the
foam onto a curved form and for the final structirdnold more resin. Especially when
a cut or groove extends through the foam connethtiagop and bottom skin the com-
pression properties of the laminate change wherpeaosad to a smooth surfaced foam
core of the same foam material. This increasesnthes of the completed structure.
How this affects performance is only inferred byngoof the data collected by this the-

sis but not studied in depth.

For maritime application, tests that simulate &iegt glancing collision as when the
boat hits a submerged rock or an iceberg coulddvesable to produce information on

how the foam and fibre laminates behave.

It is notable that so far there are few reliableysvep pre-determine the final strength of
a composite laminate in a way that would allowdetimates between varying amounts
of fibre layers. The manufacturing nature of conifgostructures is one major influence
in this. However, future research into developiggtsms that could be fibre and resin

specific in determining the resulting strengthhe# structure would be useful
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7 CONCLUSIONS

This thesis has shown that

1) the foam core sandwich laminates do under a pdivetraon-cutting and non-
bending test, display a straight section, thatroathematically be predicted be-
tween 98, 38% and 99,86% rate of occurrence.

2) The tested energy absorption abilities of the faames do in correlate with the
stated compressive modulus at a rate of 90,5%s#ttali probability and shear
modulus values at a rate of 88,34%.

This means that not only is it reasonable to usetéisted energy absorbing values for
the foam cores but that for statistical probabitifyjpetween 90,5 and 88,34% the values
could be taken directly from the datasheet and @sedredicting the behaviour of the
foam.
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APPENDIX 1

Divinycell' P

Divinycell P is a recyclable, thermoplastic sandwich core material that is typified by excellent FST ffire, smoke & tosicity)
properties, high temperature performance, very good fatigue properties, good mechanical characteristics and chemical
resistance. it also offers excellent acoustic/thermal insulation properties and low water absorption. Divinycell P is par—
ticularly ideal for public transportation, industrial and wind energy applications. The energy efficiency of a Divinycell P
sandwich makes it ideal for transport applications such as interior paneling, floors and exterior panels for frains, trams,
buses and coaches. In the wind energy market the excellent properties and good processing characteristics means it
can be used in both blades and nacelles. In the industrial/construction market, the good mechanical and FST properties
of Divinycell P allow it to be used for a wide variety of applications such as domes, architectural claddings and industrial
housings.

Divinycell P iz compatible with most commonly used resin systems (polyester, vinyl ester, epooty and phenolics) including
those with high styrene contents. With its high residual strength and good dimensional stability at elevated processing
temperatures, it can be readily used with a wide variety of ‘indusirial' medium temperature prepreg systems. Due to its
closed cell structure Divinycell P can be readily used with vacuum infusion process. it can also be easily thermoformed
and used in pultrusion moulding. For optimal design of applications used in high operating temperatures in combination
with continuous load, please contact DIAB Technologies for detailed design instructions.

Technical Data for Divinycell P Grade

Property Method
] Kgim® 60 110 120 150
Nominal Density 50845 i 3 6.9 75 9.4
WP .55 150 16 Z30
Compressive Strength " ASTM D 1621 P a0 3 > 33
_ MPa 20 100 15 152
Compressive Modules 7| ASTM D 1621 B = 5802 2508 16,679 0t
_ MPa 110 1.80 2.00 245
Tensile Strength ASTM D 1623 = = — — =
MPa 0.35 0.85 0.91 125
Shear Srength 150 1922 ] 51 123 132 18
MPa 125 2 2 20
Shear Modulus 150 1922 [T T 3,061 3641 5,602
Shear Strain 150 1922 % 18 12 12 75
~ Wimk, D03 D033 TED TED
Thermal Conductivity ASTMCSIE  [preree oo e =0 -
_ DIN5510 _ TBD | S45T2SA2| TBD TED
Fire Resistance dass ™ [3EnRNFE 16100 ~ TED G TED TED
Water Absorption ASTM C272 kgim? TBD 0.021 TED TBD
Dimension mm 1220 x 610 | 1220 670 | 1220 % 610 [ 1220 x 610
Colour Coding Yellow Blue Violet Green
1) Perpandicular to e plane. All values measured at +23°C (+73.47F.
) Measunad at 20 mm foam thickness.

Maximum processing femperature is dependent on time, pressure and processing conditions. Therefore users are advised fo
contact DIAB Technologies io confirm that Divimycell P is compatible with their particular processing parameters.

This deta sheet may be subject Io revision and changes oue fo devsigpment and changes of the

| T N B metera, The dats Is defed from fests and exparence. The dats is swerage das and shoud be

N B treated a5 such. Calculaions showd be veried by sctual fests. The data s umished witho o ebily

' dF a2 4 for the company and does not constiue 8 wanenly or Bprasemnzion h espect of ihe melers orits
o use. The company resenves the rgit io eibase new dele sheels in epzcamant.

ANl content in this publication s protectsd by Intsmational Laws.
Copyright & DIAE Agril 2010 Fapiat e



APPENDIX 1

Divinycell' H

Divinycell H has been widely used over many years in virtually every application area where sandwich composites are
employed including the marine (leisure, military and commercial), land transportation, wind energy, civil engineering/’
infrastructure and general indusirial markets. In its application range Divinycell H has the highest strength to density
ratio. i exhibits at both ambient and elevated temperatures impressive compressive sirength and shear properties. In
addition the ductile qualities of Divinycell H make it ideal fior applications subject to fatigue, slamming or impact loads.

Other key features of Divinycell H include consistent high quality, excellent adhesion/peel strength, excellent chemi—
cal resistance, low water absorption and good thermalfacoustic insulation. Divinycell H is compatible with virtually all
commonly used resin systems (polyester, vinyl ester and epouy) including those with high styrene contents. s good
temperature performance with high residual strength and good dimensional stability, makes Divinycell H ideal for hand
laminating, wvacuum bagging, ATM (resin transfer molding) or vacuum infusion.

Technical Data for Divinycell H Grade

Method

Nominal Density " 150 845 Kg/m® | 38 48 60 80 100 | 130 | 160 | 200 | 250
Compressive Strength = | ASTM D 1621 | MPa | 045 | 06 0g 14 20 30 34 48 6.2
Compressive Modulus = | ASTM D 1621 | MPa 40 50 o 80 135 | 170 | 200 | 240 | 300
Tensile Sirength = ASTM D 1623 | MPa 1.0 14 18 25 35 48 a4 71 a2
Tensile Modulus = ASTM D 1623 | MPa 45 55 75 a5 130 | 175 | 205 | 250 320
‘Shear Sirength ASTMCZ73 | MPa | 04 | D58 | 0.76 | 115 | 1.6 22 26 15 45
Shear Modulus ASTMC 273 | MPa 12 15 20 27 E 5] 50 T3 BS 104
‘Shear Sirain ASTMC 273 % g 12 20 a0 40 40 4 40 40
1) Typical dencity variation = 10%.

2} Perpandicular to the plane. All values messured at +23°C.

Continuous operating temperature is —200°C to +70°C. The foam can be used in sandwich structures, for outdoor
exposure, with external skin temperatures up to +85°C. For optimal design of applications used in high operating
temperatures in combination with confinuous load, please contact DIAE Technologies for detailed design instructions.
Nermally Divinycell H can be processed at up fo +90°C with minor dimensional changes. Madmum processing
temperature is dependent on time, pressure and process condifions. Therefore users are advised o contact DIAB
Technologies to confirm that Divinycell H is compatible with their particular processing parameters.
Coefficient of linear expansion: approc 40 x 10-47C

This dta sheef may be subjBct fn revision 2nd changes o fn develgpment and chEnges of he
mEleral. The dais is dered irom iests and experance. The deis Is sverage dats and should be
treated a5 such. Caiculalions should be verfied by aciual fests. The et is lumished witho ot Nabity
for the company and does nof constiue 8 wanany or epresenta ion h espect of the metensl orits
use, The company resenes the right fo reease new deta sheets in Episcament

AN content in Bhis pubication bs probected by Intsmational Copsright Laws.
Copyright © DIAR March 2008 -l B



APPENDIX 2

sSUomI

VENEEN TEKNISET TIEDOT
Buster X |
PAAMITAT
Kokonaispituus, m 5,15
Runaon pituus, m 5,15
Suurin leveys, m £k
Paino iiman kuomaa, ko 480
Suurin kokonaispaino *}, kg 1005
KANTAVUUS
Suurin suositelu henkilomasra |
SuLnn s DTS ] | Eiis
TILAVUUDET
PolttoainesEilo, | [
 Kollukevaanio, | it
SUDRITUSKYKY
Suurin suositeliu konalaho, KW [hv) | 58 THOT
SuonTLskyRY sunnmmalla leholla, seimua | oo
SAHKOJARJESTELMA
J&nnite JTZVDU
[Suositeliu akkUkapasieetl AN B
HALLINTAKAAPELIT
Dh'@ium%nl m [jalkaa) |J-hU L T ) D]
I i N kaapell_m ([akas )
*| SULFIN koKONEIEPAING 0N VEneen kevytpaing-+Suurnn sussitafiy kuormius. TAmAn bsaks!
sallltzan mootion- |5 akkupaino, seka ceakuormat
""] Kuormiiukses=a salltasn valn sewasy el csakuommal
OSAKIMORMA
Henkildidan yhinispaino, kg 525
| Perusvarusioet, kg 18
Kiinteiden sailididen sisslto, kg 53

] Eean sime iyl pulpati
*+**) Taakse sjokatut pulpeti

Tuotanioteknisista syksts johtuen saattaa paamitolssa ja Hiavuuksissa ola pienid eroia.
Huomatkaa, atts tenkkien tayta kapasiieatia ol SiNe voita kayttsa venean mme- tal kallstus-
Kuimasia riippuen,



