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Application of High Stiffness and Light Weight FRP Structural Materials

Tetsuya NARISAWA, Shigeru AOKI, Norihiko UWABO

Abstract -  Fiber reinforced plastics (FRP) are one of the high-strength , high-stiffness,
and lightweight composite materials. Recently, advanced composite materials so as IsoTruss
structure has been developed for alternative structures in the field of mechanical and
construction industry. This material which developed by BYU at Utah in USA is made
based on the honey comb structures. In this report, we show the following acknowledg-
ments of present study. The first, [soTruss grid structures have been formed with carbon/
epoxy FRP materials with helically filament-winding (FW) method. The next, influence of
the tetrahedron region (pyramidal grid in this structure) on mechanical properties are
measured. The third, for the applications of this structure the Christmas tree tower was
constructed at campus of Kusiro N. C. T. with connected half a dozen pieces.

Key Word: FRP, IsoTruss, Composite Materials, FW forming, Stiffness, Vibration
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Fig.1 Ratio of modulus and tensile strength
to weight of various materials

Helical Cylinder
(by Narisawa Lab.)

Fig.2 Honey comb sandwich structures
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Fig.3 Photo of IsoTruss
structure (a.) and 44M ,
WiFi tower concrete pad +
special adapters (b. HP by IsoTruss Structure Co.Ltd.)
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Fig.4 Nodal pattern and pass line of IsoTruss winding process

Fig5 Automatic winding machine (a. KOKUBUN Co. Ltd.)
and handmade winding process (b)
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Fig.6 Manufacturing process of IsoTruss
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Table.1 Specification of Graphite/Epoxy FRP (in catalog)

Prepreg C-FRP T700S12K Number of filamtnts 12000

Tensile stiffness [GPa] 233 Tensile strength [GPa] 5.23

Relative density 1.8 Fiber volume fractio n [%] 58

Table.2 Specification of IsoTruss structure

A B c

Test pieces With pyramid | Without pyramid| Complex type

Number of nodes 6 0 6

Number of layers 4 [L/H/L/H(inner ,outer)]

Numper of pyramides 66 | 0

Internal diameter [mm] 056

Outer diameter [mm] $100 | 058 | $100

Length (effective length) 0.63(580)

Weight [kg] 0.0995 | 0.0862 | 0.0914
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Fig.10 Torsional experiment unit
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Table.3 Experimental static and dynamic moduli

Static[Nn?'] Dynamic[Hz]
Type El Glp Ist 2nd 3rd
A | With pyramid 273 243 85 460 780
B | Without pyramid | 279 134 110 550 920
C | Complex 261 109 50 400 650
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Fig.15 Bending and torsional stuffiness and natural frequencies
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Fig.14 Results of impulse hammering test
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Fig.16 Experimental and analytical natural frequencies

Table.4 Damping ratio { obtained by half
band width method ( x 10-%)

Type Ist 2nd 3rd
A | With pyramid 15.0 13.8 29.0
B | Without pyramid 12.0 12.0 21.0
C | Complex 12.7 14.7 98.0

Table.5 Damping ratio { obtained by free vibration and

half band width method (x 10-%)

Number of layers 2 4 6
Free vibration 19.2 8.62 7.77
Half power method 9.82 20.4 10.5

Type-CO S0HzO OO O OO ODOOOOOOOOOO
El00000000oooooon Type-COOO
Comp. (11 Type-AC O O WO Type-BO O O W/0O O O O
00o00o0o0ooooooooooooooooog
00oo0doooooooooooooooood
00o0o0doDoOooooooooooooooog
0doodooOooooooooooooooog
000000oooooomoooooooooe
0000oADDOO0D0DOOOoOO0OoooOooood
0000ooooooooooooooog pADO
000000000000 00o00o00o0n (cale.)
O000((xp)0O0O0OO0O0OO0OO0O0OOOOOOn
00oo0ooooooooooooooooog
0o0o0oooooorRMODOODOO0O0O0O000
ooooooood

0do00oooooooooooboooooog
ooDoo{000oonoooooooooooooo

uobooooooooboboobooobboooog
uoboooooboooboboooboooboooobooo
uobooobbooobooobbooobboooog
UoboooboooobooobOType-ADDOOOOO
gobooobooobboooooobbooooboog
OO0DO0OO0O0O0pooOoDbOOoooooooDoDo
O00oO0oOoOooooodooooooooogon
000000 0o00o0o0oooooooooodo
uoboooobobooooooobooobooobobooo
copoeegoDOo00obooboOooOogoooDooo

WBOOOREAPINA

Fig.19 Appearance of 4m tower decorated
with Christmas ornaments
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Fig.21 Commitment in various festival
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Fig.23 Photograph of participator in "Made in Kushiro’
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Fig.24 Buckling fracture at neck assembly
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Fig.25 Idea of joint assembly Fi.26 Curved shape
assembly
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