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Manufactur ing  s imulator  for  thermoplast ic  CFRP ††

T h e r m o p l a s t i c C F R P i s p ro m i s i n g f ro m t h e v i e w p o i n t o f m a s s
p ro d u c t i v i t y. I n i t i a l d e fe c t s s u c h a s r e s i d u a l s t re s s a n d d e v i a t i n g f i b e r
o r i e n t a t i o n o c c u r d u e t o n o n - u n i fo r m d i st r i b u t i o n o f t e m p e ra t u re
d u r i n g p re s s m o l d i n g . I n o rd e r t o re a l i ze h i g h re l i a b i l i t y i n st re n gt h
w i t h p re d i c t i o n o f t h e d e fe c t s , w e h av e d e ve l o p e d a t h e r m o p l a s t i c C F R P
m a n u fa c t u r i n g s i m u l a t o r.

Mult i  f i lament  winding method †

T h e h i g h p re s s u re hy d ro g e n c o n t a i n e r m a d e b y C F R P i s m a n u fa c t u re d b y
a f i l a m e n t w i n d i n g ( F W ) m e t h o d . I n t h e c o nve n t i o n a l s i n g l e F W m e t h o d ,
s t re s s c o n c e n t ra t i o n o c c u rs a t t h e c r i m p s o f t h e f i b e r b u n d l e s , a n d
c a u s e s l o w s t re n gt h . T h e re fo re , w e h ave d e ve l o p e d a m u l t i F W m e t h o d
t h a t w ra p s w i t h 1 0 0 f i b e r b u n d l e s a t t h e s a m e t i m e w i t h o u t c r i m p . We
d e m o n s t ra t e i t s m e c h a n i c a l a d va n t a g e a n d d e v e l o p a o p t i m i m u m d e s i g n
m e t h o d b y m e s o - s c a l e s i m u l a t i o n .

Impact  damage of  CFRP high pressure hydrogen container

To e n s u r e h i g h d e g re e o f re l i a b i l i t y o f C F R P hy d ro g e n c o n t a i n e r o f
7 0 0 M Pa fo r f u e l c e l l ve h i c l e s , t h e s e r i e s t e s t s i m u l a t i n g i t s u s a g e
e nv i ro n m e n t i s m a n d a t o r y i n G T R 1 3 . T h e t e s t t a ke s a h a l f y e a r, s o t h a t
ra t i o n a l a l t e r n a t i ve s a re re q u i re d . We h ave d e ve l o p e d a n i m p a c t
d a m a g e e va l u a t i o n m e t h o d t o e l i m i n a t e t h e d ro p t e s t b a s e d o n a m e s o -
s c a l e s i m u l a t i o n .
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Meso-scale model of type IV container (left) and result of impact analysis (right: fiber direction strain)

Strength model  for  short  f iber  thermoplast ic  CFRP †††

T h e i n j e c t i o n a n d p re s s m o l d i n g o f s h o r t f i b e r t h e r m o p l a st i c C F R P
c o n t r i b u te s m a tc h fo r p ro d u c t i o n o f a u t o m o b i l e p a r t i n c o m p l i c a t e d
s h a p e . We h ave d i f f i c u l t y to p re d i c t t h e s t re n gt h a f t e r m o l d i n g , s i n c e
t h e l o c a l vo l u m e f ra c t i o n a n d o r i e n t at i o n o f c a r b o n f i b e rs a re ra n d o m l y
d i s t r i b u te d . We h ave d e ve l o p e d a s ta t i s t i ca l s t re n gt h m o d e l b y m e a n s
o f m i c ro - s c a l n o n l i n e a r f ra c t u re s i m u l a t i o n .

Model ing  and shape opt imizat ion of  
CFRP high pressure hydrogen container †

We d e ve l o p e d a m o d e l i n g s o f t w a re t h a t c re a t e s m e s h d a t a g e n e ra t e d
f ro m a c t u a l s u r fa c e i n fo r m a t i o n o f t h e C F R P h i g h p re s s u re hy d ro g e n
c o n t a i n e r. F u r t h e r m o re , w e d e r i ve a m a t h e m a t i ca l m o d e l o f d o m e
s h a p e a n d w i n d i n g p a t h o f f i b e r b u n d l e , s o a s t o c o n s t r u c t a s h a p e
o p t i m i za t i o n a l g o r i t h m .

Measure of surface data by visible light  (left) and optimization algorithm (right)

[1] SAMTECH Co. Ltd., http://www.samtech.co.jp, 2018/4/28 inspected. † This work is based on results obtained from a project commissioned by the New Energy and Industrial Technology Development Organization (NEDO) and joint research with TEIJIN LIMITED. and MURATA MACHINARY, Ltd. 
†† This research is supported by MEXT as “Priority Issue on post-K computer” Priority Issue 8 (Development of innovative design and production processes that lead the way for the manufacturing industry in the near future). ††† This work is supported by Innovative Structural Materials Association.

Fossil fuel

High pressure hydrogen container  
to promote hydrogen society

I n o rd e r t o p ro m o t e a hy d ro g e n s o c i e t y, i t i s i m p o r t a n t t o d e ve l o p a
l a rg e c a p a c i t y h i g h p re s s u re hy d ro g e n c o n ta i n e r t h at s u p p o r t s h i g h
p re s s u re hy d ro g e n m a n a ge m e n t . F ro m t h e v i e w p o i n t o f l i g h t w e i g h t
a n d l o n g l i fe re l i a b i l i t y, w e h ave d e v e l o p p e d c o n t a i n e rs m a d e o f C a r b o n
F i b e r Re i n fo rc e d P l a s t i c s ( C F R P ) . To e n s u re re l i a b i l i t y, w e re s e a rc h o n
l i m i t s t re n gt h d e s i g n b a s e d o n m u l t i s c a l e s i m u l a t i o n .

CFRP accumulator [1]
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