JP 2004-504177 A 2004.2.12

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$53R2004-504177
(P2004-5041774)
(43) /5% FR165E2H128(2004.2.12)
(51) Int.CL." Fl F—va—F (BEF)
B29C 31/00 B29C 31/00 4F201
SEWK 5 TRETHER KER (£3l B
@) LESEE 15 RE2002-511950 (P2002-511950) | (71) EEA 595109650
(86) (22) HEEE ERRI3ETA 128 (2001.7.12) ALTAYA 4 A=K AT K
85) BIFRTI|IEE  FERI4E3A 128 (2002.3.12) STRATASYS, INC.
(86) EEHESEE  PCT/US2001 /041354 PAYVAERE 55344 IFVAM
B EELHES  W02002/006029 LTV FL—— =T kD
87 EHELHB ERR145E1 A 248 (2002. 1. 24) 4% 14950
B1) BRIETHESBE  60/218,642 (74) {RIE A 100078282
(32) E5%H EHE12EETH 136 (2000.7.13) #E+ WE HH
(33) BEEETRE  RE US) (72) AT ATV, ©4VFTA Yav
31) BRAETRBES  09/804, 401 TAVAGRE I%VA 55344
(32) ®5H SERRI3E2A27H (2001. 2. 27) 2020, 3IATEVA, T—=F4v
(33) BWEEETHRE KB US) K547 14950, ApSESR
, Ara—mrA4Fv i KT
BREICHE S
(54) [FEADEFR] 74 A ey BLIUEES AT LA
GNHOO0O P

gooooooobbbobbooooooooooooo
goooooooobbobbooooooooooooo
ogooooooobobobooooooooooooo
ggoooooooboobobooooooooooooo
ugogoooobobobbootooooauoaoooo
goobOooooobobooooooboooooooo
gooObOooooobbooooooboooooooo
gobObOooooobbooooooboooooooo
gooooooobbbobbooooooooooooo
goooooooobbobbooooooooooooo
ogooooooobobobooooooooooooo
ggoooooooboobobooooooooooooo
ugogoooobobobbootooooauoaoooo
oooboooooo

gooooooo

ga /

é/
==
s




e R ey [ s R s [y |

OooDooooooooooogdg
Oooooooooooooogod
OO0 oDoDooogog4gogoooooogod
Ooooooooooooood
Ooooocooooooooogod

OoooooogoQgooao

s [ e e e

e s e e e s e

e A e e

Ooo0Ooo0ooood
OoOoo0oood

OooooooooooooooooooooogogoooOoao
Oooooooo0oooooooooDooooogooooao

Oo0oooogoQgg

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O

O
O
O
O

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

O
O
O
O
O
O
O
O
O
O
O

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao

(2)

O 0Ooo0oooo
O 0Ooo0oooao

O
O
O
O

O
O
O

JP 2004-504177 A 2004.2.12

ooao
oo

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0Doooogogdg

e s e e s e e e s s e A
Ooooooooo0oooooo o0 oo ooooooDoDooooDooDoDooooooooofdg
Ooo0ooooooo0oooooo o0 oo ooDoo0o oo oDoDooooDooDoDoDoooooooodg
e e e e e e e s e I A

O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo

Ooooooodgdg

Ooo0oooogoQgdg

Oo0oooogoQgg

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod

O
OJ
O

O
O
O
O
O
O

O Oooo
OO oo

O
O

O
OJ
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

Oooooooo

Ooooooog

O oo oooog

OO0 ogooooog

OOooooooo

Oooooooo

Ooooooog

Ooooooog

O Oo0ooooog

)

O O
O O

OoOooOooOooooo
Ooooooooo

O O
O O

O
O

O O

Oooooooog

O
O
O
O

O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

Ooooooog

O Oo0ooooog

O

Oooo0ooogo

|

Oooooooo

Ooooooog

JP 2004-504177 A 2004.

Oooooooog

O oo oooog

OO0 ooooog

Ooooooooo

O 0o oo

O
O
O
O
O
(]
O
O
O

O

.12

10

20

30

40

50



e R ey [ s R s [y |

[ s e e e e s e e Y ) [y
e e e e e e e e ) Y ) [ o

OO0 oDooogogooooao
Oooooocooooooao
Oo0oooooooooao

I [ |
O Ooogogog
s Y
Iy |

O
O

e s e e e e e ) e e A s [ |
OO0 oooooooooooooogoooao

OO0 o0 ooDoooo oo oDooooQgoooo

Oooooooog

OooooooQgoao
OooooooQgoao
OooooogoQgoao

O Ooo0oooo

O Ooooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo

oo ooooogooQgog
OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg

[ Y |
OO ogogog

O oo oooog

O 0O0ooooog

Ooooooooo

Oooooooo

Ooooooog

O oo oooog

Oooooogoogdg

OO0 ogooooog

OOooooogogdg

OOooooooo

OooOoo0ooooQgodg

Oooooooo

OooooooQgodg

Ooooooog

OoooooQgdg

Ooooooog

OooooogooQgdg

O Oo0ooooog

Oooooogogdg

(4)

OoOooOooOooooo
Ooooooooo

OooOoo0ooooOgoadg
Oooo0oooQgdg

Oooooooog

OooooooQgdg

Ooooooog

OooooogooQgdg

O Oo0ooooog

OoOooooogogdg

Oooo0ooogo

Oooooogoood

Oooooooo

OooooooQgdg

O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooog

OoooooooQgdg

JP 2004-504177 A 2004.

Oooooooog

Ooooooogdg

O oo oooog

Oooooogogogdg

OO0 ooooog

Oooooogoogdg

Ooooooooo

OooOoooooOodg

Oooooooo

OooooooQgdg

Oooooooog

OooooooQgdg

O oo oooog

Oooooogoogdg

O 0O0ogooooog

Oo0oooogogdg

Oooooooo

OooOoooooOodg

Oooooooog

Oooo0oooQgdg

Ooooooog

OoooooQgdg

O oo oooog

Oooooogogogdg

.12

O 0o oooodg

Oooooogoogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Ooooooooooooodg
Oo0ooooo4gogooooodg
OO0 oDoDooogogoooood
OOo0ooooooooooboood
Oo0ooooooooooodg
Ooooooooooooogdg
Oo0oooooogooooodg
OO0 ooooo4gogooooogodg
OOo0ooooooooooboood

OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oDooooogogogoao
Ooooooooogooao
OoooooooQgooao
oo ooooooQgooao
OO0 oooooogooao
OO0 ooooooggogogoao
Oo0oooooooOgoOooao
OoooooooQgooao
OO0 ooooooQgooao
OO0 ooooooQgooao
OO0 oooooogogogogoao
OooooooooOgoOooao
Ooooooooogooao
oo ooooooQgooo
OO0 ooooooQgooao
OO0 oooooogogogooao
OO0 oooDooogogogoao
Ooooooooogooao
oo ooooooQgooao
OO0 ooooooQgooo
Oo0oooooogogooao
OO0 oooooogogogoao
Ooooooooogooao
oo ooooooQgooao
OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oooDooogogogogoao
OoooooooogoOooao
OooooooooQgooao
OO0 ooooooQgooao
Oo0oooooogogooao
OO0 oooooogogogogoao

Oo0oooooo o0 ooooogogooo
OO0 ooooooo0ooooooggooao
OO0 Do oDooogog4ogoooooggooao
Oooooooooooooooogogogooao
Oo0oooooo o0 oooooogogogooo
Oo0oooooo o0 ooooogoggooo
OO0 oooooo o0 oooooggooao
OO0 Do oDooogog4ooooDoooggooao
Oooooooooooooooogoogooao
Oo0oooooooooooogogogooao
Oo0ooooooo0ooooogogogooao
Oo0oooooo o0 oooooggooao
OO0 oDooDooo4oooooooggooao
Oooooooooooooooogoogooao
Ooooooooooooooogogogooao
Oo0oooooo o0 oooooggooo

oo oooooogoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
Ooooooooo0gooOoooao
oo oooooogoooo
OO0 oo ooooQgooooo
OO0 oooooogogoooo
OO0 oo oooogogooao
OO0 0o oDooogogogooao
OO0 oooooogogoooo
OO0 ooooooQgoooo
OO0 oo oooogoooo
OO0 oooooogogogooo
OO0 ooooDooogogooao
oo oooooogoooo
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oooooogogoooao
OO0 oo oDooogogooao
Oooooooogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogogooao

~
ol
~

Oooooooo0oooooogogogooao

OoooDoooooooooggooao

OooooooooooooDooogooogoogo

Oooooocooooooooogogooao

Oooooooooooooogoggooao

JP 2004-504177 A 2004.

Oooooooooooooogogogooao

Oooooooooooooogogogooao

OO0 o0ooDoo4gog4ooooooggooao

Ooooooooooooooogoogooao

Oooooooooooooogoogooao

Oooooooo0oooooogoggooao

Oooooooooooooogogogooao

OoDo0ooDoogog4oooooogogooao

Oooooooooooooogoogooao

Ooooooooooooooogoogooao

Oooooooooooooogogogooao

Oooooooooooooogogogooao

AN
N

OoDoDoDoo4og4ooooooggooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

Ooooooooooooodg
Oo0ooooo4gogooooodg
OO0 oDoDooogogoooood

OO0 oo ooooQgooooo

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
Ooo0oooQgodg

OO0 oo oooogooooao

OO0 0o oDooog4gooooao

Oooooooogooooao
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
OoooooooogoOoooao
oo oooooogoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
Ooooooooo0gooOoooao
oo oooooogoooo
OO0 oo ooooQgooooo
OO0 oooooogogoooo
OO0 oo oooogogooao
OO0 0o oDooogogogooao
OO0 oooooogogoooo
OO0 ooooooQgoooo
OO0 oo oooogoooo
OO0 oooooogogogooo
OO0 ooooDooogogooao
oo oooooogoooo
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oooooogogoooao
OO0 oo oDooogogooao
Oooooooogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogogooao

OOo0oooooogogooooao

OO0 oooooogooooooo

OO0 oo ooooQogooooo

Ooooooogdg

OO0 oo oooogQgooooo

OoOoooooogdg

OO0 Do oDooogoggogoooao

O
O
O

O
O
O
O
O
O

OOooooogdg

OOo0ooooooOoooooao

OoOoo0ooooOod

OO0 oooooogogoooooo

Oooo0oooOodg

OoooooooQogooooao
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOoooooab-o
Ooooooooooooao
Oooooooogooooaoo
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOoo0oooooOoooooao
Oooooooogooooaoo
OoooooooQogooooao
OoooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOo0oo0oooooooooao
OoooooooOoooooaoo
OoooooooQogooooao
OoooooogQgooooaog
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOogooooaoo
Ooooooooooooaoo
OoooooooQogooooaoo
OooooooQgooooao
OO0 oDoDoogog4Qgooooaog

Oooooogdg

Ooooooogdg

OOooooogdg

~
o
~

O
O

OOoo0oooood
Oooo0oooOodg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooo0oooQgdg

Ooooooogdg

OoOooooogdg

|

Ooooogoood

OoOoo0oooOodg

OooooooQgdg

JP 2004-504177 A 2004.

Oooooogdg

OOooooogdg

Oooooogdg

OoOoo0ooooOod

OoooooQgodg

Ooooooogdg

Ooooooogdg

Oooooogdg

OoOoo0ooooOod

Ooo0oooOodg

Oooooogdg

Ooooooogdg

AN
N

OOooooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |

O Ooo0ooooao
O OooQgooo
O O0OoQgogoao

Ooooooooo0ooooogogoo
Oo0ooooooo0ooooogogoao
OO0 Do oDooogog4Qodoooooggogaog
Oooooooooooooooogogogoao
Ooooooooo o0 ooooogogoo
Ooooooooo0ooooogQgoo
Oo0oooooo4o0oooooggoao
OO0 Do oDooogo4Qo0oooooggogog
Oooooooooooooooogoogoao
Ooooooooo o0 ooooogQgoo
oo oooooo o0 ooooogQgoo
Oooooooo4o0oooooggoao
OO0 oDooDooo4go0oooooggoaog
Oooooooooooooooogoogooao
Oooooooooooooooogogoo
Ooooooooo0ooooogQgoo
OO0 oooooo4o0oooooggoo
OO0 oooDooo4o0oooooggoaog

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao

O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

€]

OO0 OoDooogg4oooDoooggogaog
Ooooooooooooooogoao
Oooooooooooooogoggoao
OooDoooooooooooggoao
Ooooooooooooooggoao
OO0 oDoDooog4ooooooggogao
Ooooooooooooooogoao
Oooooooooooooogogoao
Oooooooooooooogoggoao
Ooooooo4ooooooogoggoao
Oo0DoDoDoogog4oooooooggogao
Oooooooooooooogoogoao
Oooooooooooooogogoao
OooooooooooooogogQgoo
Ooooooooooooooggoao
OoDoooogog4oooooooggogao

JP 2004-504177 A 2004.

Oooooooogdg
Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oooood
Ooo0oooogod
Oooooooogdg
Ooooooogd
OOoooooogd

O 0Oooo
O 0Oooo
O Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod

OooooooogogQgogooQg
OO0 oooooogogdg
OO0 oooooogogdg
Oooooooood
Oo0ooooooogodg
OO0 oooooogoogodg
Oo0oooooogogodg
OO0 oooooogogdg
Oooooooood
Ooooooooodg
OO0 oooooogooQgog
OO0 oooooogogog
OO0 oooooogogg

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0O0o0OooOoooao
OOoo0oo0oo0ooao
OOoo0ooooao

Oo0ooooooogooooooao
OO0 oooooogoooooao
OO0 oDooDooogoggoooooao
Oo0oooooooooooooao
Oo0ooooooooooooaoo
Oo0ooooooooooooao
OO0 oooooogoooooao
OO0 oooDooogoooooao
Oo0oooooooooooooaoo
Oo0ooooooooooooaoo
Oo0ooooooooooooaoo
Oo0oooooogooooooao
OO0 oooDooogoooooao
Ooo0oooooooooooooaoo
Oo0ooooooooooooao
Oo0ooooooooooooaoo
Oo0ooooooogooooooao
OO0 oooDooogoooooao
OO0 o0DooDooogogggoooooao
Oo0ooooooooooooao
Oo0ooooooooooooao

(8)

OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao
Oooooggogao

O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

JP 2004-504177 A 2004.

OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

Oooooooooooogdg

Ooooooogooooogdg

Oo0DoDooogogoooooogdg

OoooooooooooOgodg

OooooooooooooQgdg

Ooooooooooooogdg

Ooooooogooooooogdg

Oo0DoDooooooooogdg

OoooooooooooOgodg

OoooooooooooQgdg

Ooooooooooooogdg

Oooooooooooogdg

OoDoDooo4ogooooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oo0oooogoQgg

Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao

Ooooooooogoogoao
Oooooooogogoao
OOoDooooogogogao
Oooooooooogoao
Ooooooooogoogoo
Oooooooogogogoo
Oooooooogogoao
OoDooooogogogao
OooooooooogooOoo
Ooooooooogoogoao
Oooooooogogogoo
Oooooooogogoao
Oooooooogogoao
OooooooooogooOoao
Ooooooooogogogoao
Ooooooooogogogoao
Oooooooogoogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogogoao
Ooooooooogoogoo
Oooooooogogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogoao
Ooooooooogoogoao
Ooooooooogogogoao
Oooooooogogoao
OO0 ooooogogogao
Ooooooooogoogoao
Ooooooooogoogogoo
Ooooooooogoogoo

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

Ooo0oooogoQgdg

OoooooogoQgog

O0Ooo0oooao

Oo0oooogoQgdg

O0Ooo0Ooooog

Ooooooggdg

O0Oo0oo0oo0oao

OooOoo0ooooQgadg

O0Ooo0oo0ooao

Ooo0oooogoQgdg

OOoo0oooao

Oo0oooogQgdg

O0Ooo0oooo

Ooo0oooogoQgdg

O 0Oo0oooao

Oooooogogdg

(9

O
O

O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao

OooOoo0oooodgadg
OoooooogoQgdg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O0Ooo0oooao

Oo0oooogQgdg

O0Ooo0oooo

OoooooogoQgg

O0Ooo0oooao

Ooooooggg

|

|

OoOoo0oo0ogano

OoOoooogoood

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

OooooooQgdg

O0Ooo0oooao

O0Ooo0oooao

Oo0oooogoQgdg

JP 2004-504177 A 2004.

O0Ooo0oooo

O0Ooo0oooo

OooooogQgog

O0Ooo0oooao

O0Ooo0oooao

Ooooooggdg

O 0Oo0oooog

O 0Oo0oooog

Oo0oooogogdg

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

Ooooooodgdg

O0Ooo0oooao

O0Ooo0oooao

Ooo0oooogoQgg

O0Ooo0oooo

O0Ooo0oooo

OooooogQgg

O0Ooo0oooao

O0Ooo0oooao

OooooogoQgdg

O 0OoO0oooaog

O 0OoO0oooaog

Oooooogogdg

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

OooOooooodgadg

O0Ooo0oo0ooao

O0Ooo0oo0ooao

OoooooogoQgdg

O0Ooo0oooo

O0Ooo0oooo

OoooooogQgdg

O0Ooo0oooao

OO0 ooooooogdg O0Ooo0oooao

OO0 ooooooogdg

Oo0oooogoQgdg

O 0Oo0oooao

O 0Oo0oooao

Ooooooggdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo

oo o oooooogoQgog
OO0 o oooooggg
OO0 oo ooDooogogg
Oooooooooogoogodg
oo o oooooogoQgog
oo o0 ooooogoQgg
OO0 o0 ooooogogg
OO0 oo oooooggg
Oooooooooogoogoodg
oo ooooooogoQg-g
oo o0oooooogoQgg
oo o oooooogogg
OO0 o oooooggg
Oooooooooogoogodg
oo ooooooogogog
oo o0 oooooogoQgg
oo o oooooogoQgog
OO0 o0 oooooggg
OO0 o0ooDooogogdg
Oooooooooogoogoog
oo o oooooogoQgg

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

O O0ooo

O Oooo

O Oooo

O Ooogo

(10)

O 0ooo
O O0ooo

O O0ooo

O Oooo

O Oooo

O o0ood

O O0ooo

O Oooo

O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

JP 2004-504177 A 2004.

O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O Oooo

Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooooooogoQgg
Oooooooogogog
OOoooooogogg

O Oooo

O 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

OO ogogog

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OOo0o0oooo4dUoooDooo4dUooDoooogogogaog
Oooooooooooooooooooooogoogoao
Ooooocooooooooooooooogogogoogoao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao
OooooooooooooooooooooogogoooOoao

Ooooocooooooooogooooao
Oooooooooooooogogoao
Oooooo4ogooooooogogoao
Oo0DoDooogogUoooooogogogao
Oooooooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0DoDooo4gog4oooooogogoao
Oooooooooooooogoogoao
Ooooocooooooooogogogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0ooooo4gogoooooogogoao
Oooooooooooooogoogooao
Ooooocooooooooogogogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooooooooogogoao
OO0 oDooog0gUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooogooooooogogoao
Oo0DoDooogdgUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogogoao
Oooooooooooooogogoao
OooDoocoogooooooogogoao
Oo0oDoooggUoooooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0DoDooogg4oooooogogogao

OOoo0oood
OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

OooooooooooooogogoQgdg
OoDoooooooooooogogdg
OO0 oDoDooogogoooooogogdg
OoooooooooooooOodg
OooooooooooooooQgodg
OooooooooooooogoQgdg
Ooooooooooooooggdg
OOoDoDoDooo4gogooooooggdg
Ooooooooooooooodg
OoooooooooooooQgodg
OooooooooooooogoQgdg
Oooooooooooooogogogdg
OOoDoDoDooogogooooooggdg
OOo0oooooooooooooOod
OoooooooooooooQodg

(11)

Oo0ooooooooooooaoo
Oo0ooooooogooooooao
OO0 oooDooogoooooao
OO0 o0DooDooogogggoooooao
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0ooooooogooooooao
OO0 oooooogogoooooao
OO0 oDooDooogog4goooooao
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0ooooooogooooooao
OO0 oooooogoggogoooooao
OO0 oDooDooogoggoooooao
Oo0oooooooooooooaoo
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0oooooogogoooooao
OO0 oooDoooggoooooao

JP 2004-504177 A 2004.

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O O

Oo0oooooogogodg

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao

OooooooogooQgooao
Oooooooogogogooao
OO0 ooDooogogooao
Oooooooooogooao
Oooooooogoogoooao
Ooooooooogooao
Oooooooogogogooao

Oo0oooooogogdg

OO0 oooooogogg

OoOoooooooOod

OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg
OOoooooooOod
OoooooooogooOodg
OoooooooogoQgog
OoooooooogoQgoog
Oooooooogogg
OO0 ooooogogg
OooooooooQgodg
OoooooooogoQog
OoooooooogoQgoog
Oooooooogogg
OO0 oooooggg
OoOoooooooQgodg
OoooooooogogQgog
OoooooooogoQgg
Oooooooogogg
OO0 ooooogogg
OoOoooooooOodg
OoooooooogooQgog
OoooooooogoQgoog
OooooooogoQgg
OOoooooogogg

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

OO0 ooooooggdg

OO0 oooooogogogog
Oooooooooogoogod
OooooooooogogooQg
oo ooooooogogoo-g
oo oooooogogoog
OO0 oooooogogogog
OooooooooogooOod
Oooooooooogoogo-g
oo ooooooogogooQg
oo oooooogogoog
OO0 oooooogogog
OO0 oo oDooogogodg
Oooooooooogoogo-g
oo oooooooQgogoo-g
oo oooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog
Oooooooooogoogo-g
OooooooooogogooQg
oo ooooooogogoog
OO0 oooooogogog
OO0 ooooooggogg
Oooooooooogoogod
Oooooooooogoogo-g
oo ooooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog

OoOoooooooOod

OoOoooooooQodg

OoooooooogoQgodg

Oo0oooooogoQgg

OO0 oooooogogdg

(12)

O
(]

OoOoooooooOod

Oooooooooodg

Ooooooood
Ooooooood
Oooooooogodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

OO0 ooooooQgdg

oo oooooogdg

OO0 oooooogdg

|

Ooocogooogoo

Ooooooooodg

OO0 ooooooQgodg

JP 2004-504177 A 2004.

uod

O

OO0 oooooogodg

O

O oo oooogdg

0

OO0 ooooogdg

ugoooaooboadd

O

OoooooooOodg

O

oo ooooooQgodg

O

OO0 oooooogodg

O

OO0 oooooogdg

O

OO0 oooooogdg

O

Oo0oooooood

O

oo oooooodg

oo ooooooQgodg

OO0 oooooogdg

.12

O oo oooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |
s e A s e e s e e e s e e e e s Y ) [
Oooooocoo0o0ooooooo0 oo oDoooo0o oo oDoooo00oooDoDoooo0ooDoooogogogoao
[ e R s ) [y

s Y
Iy |
I [y |
O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo

Oo0oooooogoQgoooao
OO0 oooooogogooao
OO0 oDooooogogogoao
Ooooooooogooao
OoooooooQgooao
oo ooooooQgooao
OO0 oooooogooao
OO0 ooooooggogogoao
Oo0oooooooOgoOooao
OoooooooQgooao
OO0 ooooooQgooao
OO0 ooooooQgooao
OO0 oooooogogogogoao
OooooooooOgoOooao
Ooooooooogooao
oo ooooooQgooo
OO0 ooooooQgooao
OO0 oooooogogogooao
OO0 oooDooogogogoao

Oo0oooooogogodg

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O

Oo0oooooogogdg

OO0 oooooogogg

OoOoooooooOod

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

OO0 ooooooggdg

OoOoooooooOod

OoOoooooooQodg

O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

OoooooooogoQgodg

Oo0oooooogoQgg

OO0 oooooogogdg

(13)

OoOoooooooOod
Oooooooooodg

0O O
O O

OoooooooogooQgog

O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

Ooo0oooooogogodg

Oo0oooooogogg

OooDoooodgogood

Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao
Oo0oooogogogooao

OooooooooOodg

OoooooooogooQgodg

JP 2004-504177 A 2004.

Oo0oooooogoQgog

OO0 oooooogogdg

OO0 ooooogdg

OoooooooOodg

oo ooooooQgodg

OO0 oooooogodg

OO0 oooooogdg

O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

OO0 oooooogdg

Oo0oooooood

oo oooooodg

oo ooooooQgodg

OO0 oooooogdg

O oo oooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood

OooooooooooooogoggogooQg
OOoooooooooooooggogoQg
OO0 oDoooo4gogogooooooggogog
OOo0oooooooooooooOogogaQg
OoooooooooooooQgogoaoQg

Ooooooooooooaog
OO0 ooDooogog4gogooooaog
OO0 oDoDoog4ogooooaog
OOo0oooooooooooao
Ooooooooooooao
OoDooooooooooaog
OO0 ooooogogooooaog
OO0 oDoDoog4ogooooaog
OOo0oooooooOoooooao
Ooooooooooooao
OoDooooooooooaong
OoDooooogogooooaog
OO0 ooDoogog4ogooooaog
OOo0oooooooOoooooa.o
Oo0ooooooooooano
Oooooooogooooaog
Oooooooogooooaog
OO0 ooDooogog4ogooooaog
OO0 OooDoogog4gogooooaog
Oo0ooooooOoooooao
Ooooooooooooano
Oooooooogooooaog
OO0 ooooogog4gogooooaog

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood

O
O
OJ
O
O
O
O
O
O
O
O
O
O

Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDoooggogogooooood
Oo0ooooooooooooood
Ooooooooooooooodg
Oo0oooDoooooooooodg
Oo0ooooooooooooodg
OO0 oo oDooogogoooooodg
Oo0ooooooooooooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg
OO0 oooDooogogoooooodg
OO0 Do oDooogggooooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0oooDoooooooooodg
Oo0oooooogogooooooodg
OO0 oo oDoooggogooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDooogogooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
OO0 oooDooogogogooooood

(14)

O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O

|

JP 2004-504177 A 2004.

OO0 oooooogoggogoao
Ooooooooogooao
OooooooooQgooao
Oo0ooooooQgooao
OO0 oooooogogooao
OO0 oooooogoggogogoao
Ooo0ooooooogooao
Ooooooooogooao
OooooooooQgooao
Oooooooogogooao
OO0 ooooooggogoao

O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

O Ooo0oooao
O Oooooo
O Ooo0oooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Ooooooooooooooogoooooao
OoooooooooDoooooooooao

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao
Oo0oooogogogooao

OOo0ooooooooooood
Ooooooooooooodg
Ooooooooooooodg
Oo0ooooo4gogooooodg
OO0 oDoDooogogoooood
OOo0ooooooooooboood
Oo0ooooooooooodg
Ooooooooooooogdg
Oo0oooooogooooodg
OO0 ooooo4gogooooogodg
OOo0ooooooooooboood
OOoooooooooooodg
Ooooooooooooodg
Ooooooooooooodg
OO0 ooooogogooooogodg
OOo0ooooooooooboood
OOooooooooooood
Ooooooooooooodg
Ooooooooooooog
OO0 ooooogogooooodg
OO0 OoDoooo4gogoooood
OOo0ooooooooooood
Ooooooooooooodg
Ooooooooooooog
OO0 ooooogogooooodg
OO0 OoDoooogogooooodg
OOo0ooooooooooood
Oooooocooooooodg
Ooooooooooooodg
OOo0oooooogooooodg
OO0 ooDooogogoooood
OOo0ooooooooooboood
Ooooooooooooodg
Ooooooooooooodg
Ooooooooooooog
OO0 oooooogogooooodg

OOo0oooooogogooooao

OO0 oo ooooQoooooo
OO0 oo ooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogQgogogooao
Oooooooogooooao
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
OoooooooogoOoooao
oo oooooogoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
Ooooooooo0gooOoooao
oo oooooogoooo
OO0 oo ooooQgooooo
OO0 oooooogogoooo
OO0 oo oooogogooao
OO0 0o oDooogogogooao
OO0 oooooogogoooo
OO0 ooooooQgoooo
OO0 oo oooogoooo
OO0 oooooogogogooo
OO0 ooooDooogogooao
oo oooooogoooo
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oooooogogoooao
OO0 oo oDooogogooao
Oooooooogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogogooao

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao

~
[EnN
a1
~

O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

JP 2004-504177 A 2004.

AN
N

10

20

30

40

50



e R ey [ s R s [y |

co oo ooDooogogoooo

OO0 0o oDooogooooDooooggogoooo
OO0 0o oDooogQgUoooDoDooogog4gogogooao
OO0 oooooooooooooogoooao
OO0 o0 ooDoooo oo oDooooQgoooo

oo oooooogogooo
OO0 o ooooogogoo
OO0 ooooDooogogogo
Oooooooooogogooo
oo oooooogogoo
OO0 oooooogogoo
OO0 o ooooogogoo
OO0 ooooooogogoo
Oooooooooogoogooo
oo o ooooogogoo
OO0 o ooooogogogoo
OO0 o0 ooooogogoo
OO0 o0ooooogogoo
OooooooooogogooOoao
oo oooooogogogoo
OO0 oooooogogogoo
OO0 oooooogogooo
OO0 oooooogogoo
OO0 o0ooDooogogoogao
Ooooooooogogoo
oo o oooooogogoo
OO0 oooooogogoo
OO0 o0 ooooogogoo
OO0 oo oDooogogogoo
Ooooooooogogoo
oo o ooooogogoo
OO0 oooooogogoo
OO0 oooooogogoo
OO0 ooooDooogogogo
Ooooooooogogooo
OO0 oooooogogoo
oo oooooogogogoo
OO0 o0 ooooogogoo
OO0 o ooDooogogoao

O 0Ooo0ooooo

Ooooooo0oooooooo0ooooDoDoooooooooogdg
OOo0ooooo40ooooooo4o0ooooDoDoooooooooogd

Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg

Oo0oooogoQgg

OO0 oooooogogogao
Ooooooooogoogoao
Ooooooooogoogoao
Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg
OOoooooooOod
OoooooooogooOodg
OoooooooogoQgog
OoooooooogoQgoog
Oooooooogogg
OO0 ooooogogg
OooooooooQgodg
OoooooooogoQog
OoooooooogoQgoog
Oooooooogogg
OO0 oooooggg
OoOoooooooQgodg
OoooooooogogQgog
OoooooooogoQgg
Oooooooogogg
OO0 ooooogogg
OoOoooooooOodg
OoooooooogooQgog
OoooooooogoQgoog
OooooooogoQgg
OOoooooogogg

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOooooao
O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(16)

OooOoo0oooodgadg
OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

JP 2004-504177 A 2004.

OooooogQgog

O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

Ooooooggdg

Oo0oooogogdg

O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

Ooooooodgdg

Ooo0oooogoQgg

OooooogQgg

OooooogoQgdg

Oooooogogdg

OooOooooodgadg

OoooooogoQgdg

OoooooogQgdg

Oo0oooogoQgdg

.12

Ooooooggdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oo0oooooooooog
Oo0ooooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Ooooooogooooodg
OO0 oDooo4gooooodg
Oo0ooooooOoooood
Oo0oooooooooogdg
OoDoooooooooogdg
Ooooooogooooodg
Oo0oDooo4gogooooodg
Oo0oOoooooOoooood
Oo0oooooooooodg
OoDoooooooooodg
Oo0oooooooooodg
OoDoooogogogoooodg
OO0 o0Dooo4Qgooooodg
Oo0ooocooooooodg
OoDoooooooooodg
Oooooooooooodg
Ooooooogogooooodg
OO0 oDooo4gooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Oo0ooooogooooodg
OO0 oDooo4Qgooooodg
Oo0oooooooooood
Oo0ooocooooooodg
OoDoooooooooogdg
Ooooooogooooog
OO0 oDooo4Qgogoooodg

OO0 oooooogoQgooao
Oo0oooooogogooao
OO0 oooooogoggogoao
Ooooooooogooao
OooooooooQgooao
Oo0ooooooQgooao
Oo0oooooogogooao
OO0 oooooogoggogoao

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg
OOoooooooOod
OoooooooogooOodg
OoooooooogoQgog
OoooooooogoQgoog
Oooooooogogg
OO0 ooooogogg
OooooooooQgodg
OoooooooogoQog
OoooooooogoQgoog

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog

Oooooooooogoogoodg
oo ooooooogoQg-g
oo o0oooooogoQgg
oo o oooooogogg
OO0 o oooooggg
Oooooooooogoogodg
oo ooooooogogog
oo o0 oooooogoQgg
oo o oooooogoQgog
OO0 o0 oooooggg
OO0 o0ooDooogogdg
Oooooooooogoogoog
oo o oooooogoQgg
oo o0 ooooogoQgg
OO0 o oooooggg
OO0 oo ooDooogogdg
Oooooooooogoogoodg
oo o oooooogoQgg
oo o0 ooooogoQgg
OO0 o0 ooooogogg
OO0 oo ooDoooggg
Oooooooooogoogodg
oo ooooooogoQgg
oo ooooooogoQgg
oo o0 ooooogogg
OO0 o oooooggg

an

OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

JP 2004-504177 A 2004.

googano

Ooooooogogg
OO0 ooooogogg
Ooooooooodg
oo oooooQgdg
oo ooooogooQgodg
OO0 ooooogoogdg
OO0 ooooogogg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogogdg
OO0 ooooogggdg

.12

10

20

30

40

50



e R ey [ s R s [y |

R ey sy e e e e s s |

e e [ e e e e s e s s [ [ |

[ i R |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg

Oo0oooooooooooogoQgog
OOo0oooooooooooogogog
OO0 oooooogogooooogogg
OOo0ooooooooooooooggadg
OoOo0oooooooooooooogogaoQg
Oo0ooooooooooooogoQgo-g
Oo0oooooooooooogogog
OO0 ooooooogogooooogogog
Ooo0oooooooooooooogogadg
Oo0oooooooooooogoQgaQg
Ooo0oooooooooooogogog
Oooooooooooooogogog
OO0 oooooogogoooooggog
OOo0ooooooooooooogQgoadg
Oo0oooooooooooooogogaog
Oo0oooooooooooogogoQg
OOo0oooooooooooogogaog
OOo0oooooooooooogogog
OO0 oDoooooggogooooogogdg
OOoooooooooooooogoQgadg
OOo0oooooooooooogogoQg
OOo0oooooooooooogogog
OOo0oooooooooooogogog
OO0 oDooooogogooooogogg
OoOo0oooooooooooooogoQgadg
Oooooooooooooooogogog
OOo0oooooooooooogogaog

Oooooooo0oooooogoQgdg
Ooooooo4ooooooogogg
Oo0DoDoDooog4ogooooooggdg
OoooooooooooooQgodg
OooooooooooooogoQgg
OooooooooooooogoQgdg
Ooooooo4ogooooooggg
OoDooDooo4gogooooooggdg
Oooooooooooooogodg
OooooooooooooogoQgdg
OooooooooooooogQgdg
Ooooooooooooooggdg
OoDooDooo4ogooooooggdg
OoooooooooooooQgdg
OooooooooooooogogQgodg
OooooooooooooogQgdg
Ooooooooooooooggdg
OoDooDooo4ogooooooggdg
OO0 OoDoDooo4Qogoooooogogdg
Oooooooooooooogodg
OooooooooooooogogoQgdg
Oooooooooooooogogg
OoooDooo4ogooooooggdg
OO0 OoOoDooog4gogooooooggdg
Oooooooooooooogodg
OooooooooooooogogQgdg
Oooooooo0oooooogQgdg
OoooDooo4ogoooooogogdg
OoDooDooo4gogooooooggdg
Oooooooooooooogdg
OooooooooooooogogoQgg
OooooooooooooogQgdg
Ooooooo4oooooooggdg

O
O
OJ
O
O
O
O
O
O
O
O
O
O

(18)

OoooooooOoadg
OooooooogoQodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O

|

JP 2004-504177 A 2004.

OO0 oo oDooooogoooooodg
OO0 0o oDooogogoooooog
oo ooooooooooooofdg
oo ooooooooooooog
oo ooooooooooooog
OO0 oo oDoooooooooog
OO0 0o oDooogoggogooooodg

.12

OO0 oooDooogoggogoooooaog

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod

OOo0ooooooooooDoooooooooodg
OO0 ooooooooooDooogogooooood
OO0 0Do0oooog0oooDoooggooooood

Oooooooo0oooooogoQgdg
Ooooooo4ooooooogogg
Oo0DoDoDooog4ogooooooggdg
OoooooooooooooQgodg
OooooooooooooogoQgg
OooooooooooooogoQgdg
Ooooooo4ogooooooggg
OoDooDooo4gogooooooggdg
Oooooooooooooogodg
OooooooooooooogoQgdg
OooooooooooooogQgdg
Ooooooooooooooggdg
OoDooDooo4ogooooooggdg
OoooooooooooooQgdg
OooooooooooooogogQgodg
OooooooooooooogQgdg
Ooooooooooooooggdg
OoDooDooo4ogooooooggdg
OO0 OoDoDooo4Qogoooooogogdg
Oooooooooooooogodg
OooooooooooooogogoQgdg
Oooooooooooooogogg
OoooDooo4ogooooooggdg

O
O
OJ
O
O
O
O
O
O
O
O
O
O

OO0 oooooooooooooogoooao
OO0 oo ooooo oo oDooooQgooooo
OO0 oD ooDoooo oo oDoooogoQgoooo
OO0 ooDoooooooDoooogoggoooo
OO0 0o oDoooggUoooDoooogoggogogooao
OO0 oooooooooooooogooOooao
OO0 ooooooo oo oooooQgoooo
OO0 oD ooDoooo oo oDoooogoQgoooo
OO0 ooDoooooooDoooogoQgoooo
OO0 0o oDooogog oo oooooggogoooao
Ooo0ooooooooooooooogogoOooOooao
OO0 o0 oo oooo oo oooooQgoooo
OO0 oo oDoooo oo oDooooQgoooo
OO0 oo oooooooDoooogoQgoooo
OO0 0o oDooogooooDooooggogoooo
OO0 0o o0Dooog Qoo ooDooogogQgogogooao
oo ooooooo oo ooooogooooo
OO0 o0 oo oooo oo oooooQgoooo
OO0 oo oooo oo oDoooogoQgoooo
OO0 0ooooogooooDoooogoggogoooao
OO0 0o oDoooggUooooDooogoggQgogogooao
OO0 ooooooo o oooooogoooao
OO0 o0 oooooo oo oDooooQgoooo
OO0 Do oDooooo o oDoooogoQgoooo
OO0 ooDoooooooDoooogoggogoooo
OO0 0o oDoooggUoooooooggogoooao
OO0 oooooooooooooogoooao
OO0 o0 oo oooo oo oDooooQgooooo
OO0 0o oDoooo oo oDoooogoQgoooo
OO0 0o oDoooooooDoooogogQgoooo
OO0 0o oDooogogUoooDoooggogooao

(19)

O
O

O
O
O
OJ
O
O
O
O

O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

|

JP 2004-504177 A 2004.

OO0 oooDooogoggogoooooao
Oo0oooooooooooooaoo
Oooooooooooooooaoo
Oo0ooooooooooooao
Oo0oooooogogoooooaog
OO0 oooDoooggogoooooao
Ooo0oooooooooooooao
Ooooooooooooooaoo
Oo0ooooooooooooaoo
Oo0oooooogogoooooao
OO0 oooDooogoggogoooooaog

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Oo0ooooo4o0oooooo400 oo oDoooo oo oDoDoDo4ggoooDoooogogg

Oooooooogooooodg
OO0 Oooooo4gogooooodg
OOo0ooooooooooood
Ooooooooooooodg

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoooooao
OoOoo0ooooaoo
OOoooooao
O Oo0oooogoao
OOoo0oo0oo0ooao
OoOoo0ooooao
OoOoooooaoo
OOoo0ooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoooooaoo
OOoo0ooooao
OOoo0ooooao

OO0 oooooogogogoao
Ooooooooogooao
oo ooooooQgooao
OooooooogogQgogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo
Oo0oooooogogQgogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

OO0 o0oDooo4gogogoooDoooggogooooao

OOo0oooooooooooao
OoooooooOoooooao
Oooooooogooooao
OOooooooQgooooao
OO0 ooDooo4Qgooooao
OOo0oooooooooooao
OoooooooOoooooao

OoooooogogoaoQg
OooooogogoaoQg

OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo

O
O
O
O
O
O

(20)

(]
O

O O
O O

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

]

[

JP 2004-504177 A 2004.

O
O

10

20

30

40

50



Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 o0DoDoooggooooood
Ooooooooooooood
Ooooooooooooood

oooao

OoooooogoQgogoaoQg
OoooooogQgogaoQg
Oo0oooooggogodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg

OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
Y Y |
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |

O
O
O
O
O
O
O

(21)

O

O
O
O
O
O

oooogao

O
O
O

JP 2004-504177 A 2004.

ugbooboobdaohnb
O
gboooboobooanb

.12

10



JP 2004-504177 A 2004.2.12

(22)

goodgano

\\\\\\

h TS
A Rv7771 “\ J/\\;



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

—
«
o
N
)
°
<
N
=
g

(23)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CQOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 January 2002 (24.61.2002)

PCT

O A

(10) International Publication Number

WO 02/06029 Al

(51) Internations) Patent Classification” B29C 31/00,

41412, B65H 16/10
(21) International Application Number: PCT/US01/41354
(22) International Filing Date: 12 July 2001 (12.07.2001)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

60/218,642

09/804,401

13 July 2000 (13.07.2000)  US
13 March 2001 (13.03.2001) US

(71) Applicant: STRATASYS, INC. [US/US); 14950 Martin
Drive, Minneapolis, MN 35415-1002 (US).

4y

(72) Inventors: SWANSON, William, John; c/o Stratasys,
Inc., 14950 Martin Drive, Minneapolis, MN 55344-2020

(US). POPA, Minea, A.; c/o STRATASYS, INC., 14950
Martin Drive, Eden Prairie, MN 55344 (US). TURLEY,
Patrick, W.; ¢/o Stratasys, Inc., 14950 Martin Drive, Bden
Prairie, MN 55344-2020 (US). PRIEDEMAN, William,
R, Jr; cfo Stratasys, Inc., 14950 Martin Drive, Eden
Prairie, MN 55344-2020 (US). HOPKINS, Paul, E.; c/o
Stratasys, Inc., 14950 Martin Drive, Eden Prairie, MN
55344-2020 (US). BROSE, Steve; c/o Stratasys, Inc.,
14950 Martin Drive, Eden Prairie, MN 55344-2020 (US).
KIMM, Daniel, L; c/o Stratasys, Inc., 14950 Martin
Drive, Bden Prairie, MN 55344-2020 (US). POLLARD,
David, L.; c/o Siratasys, Inc., 14950 Martin Drive, Eden
Prairie, MM 55344-2020 (US). HAHN, Andrew, M.; c/o
Siratasys, Inc., 14950 Martin Drive, Eden Prairie, MN
55344-2020 (US).

Agents: CHAPMAN, Gena, M. et al.; Kinney & Lange,
PA, Kinney & Lange Building, 312 South Third Street,
Minneapolis, MN 55415-1002 (US).

[Continued on next page]

(54) Title: FILAMENT CASSETTE AND LOADING SYSTEM.

1}

i

/)

)

{57) Abstract: Disclosed are a
filament casseite and a filament casseite
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the cassette and a drive means for
advancing the filament strand through the
condvit. The present invention provides
& convenient manner of loading and
unloading filament from the modeling
machine, and can be implemented in a
manner that will protect the filament from
moisture in the environment.
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FILAMENT CASSETTE AND LOADING SYSTEM
BACKGROUND OF THE INVENTION
This invention relates to the fabrication of three-

dimensional objects using extrusion-based layered manufacturing
techniques. More particularly, the invention relates to forming three-
dimensional objects by extruding solidifiable modeling material in a
ﬂowaﬁle state in three dimensions with respect to a base, wherein the
modeling material is supplied in the form of a filament.

Three-dimensional models are used for functions including
aesihet_icijudgments, proofing the mathematical CAD model, forming
hard tc;oling, studying interference and space allocation, and testing
functionality. Extrusion-based layered manufacturing machines build up
three-dimensional models by extruding solidifiable modeling material
from an extrusion head in a predetermined pattern, based upon design
data provided from a computer aided design (CAD) system. A
feedstock of either a liquid or solid modeling material is supplied to the
extrusion head. One technique is to supply modeling material in the
form of a filament strand. Where the feedstock of modeling material is
in solid form, a liquifier brings the feedstock to a flowable temperature
for deposition.

Examples of extrusion-based apparatus and methods for
making three-dimensional objects are described in Valavaara U.S.
Patent No. 4,749,347, Crump U.S. Patent Ne. 5,121,329, Crump U.S.
Patent No. 5,340,433, Crump et al. U.S. Patent No. 5,503,785,
Danforth, etal. U.S. Patent No. 5,900,207, Batchelder, et al. U.S. Patent
No. 5,764,521, Dahlin, et al. U.S. Patent No. 6,022,207, Stuffle et al.
U.S. Patent No. 6,067,480 and Batchelder, et al. U.S. Patent No.
6,085,957, all of which are assigned to Stratasys, Inc., the assignee of
the present invention.

In the modeling machines employing a filament feed,
modeling material is loaded into the machine as a flexible filament
wound on a supply reel, such as disclosed in U.S. Patent No. 5,121,329.

JP 2004-504177 A 2004.2.12
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A solidifiable material which adheres to the previous layer with an
adequate bond upon solidification and which can be supplied as a
flexible filament is used as the modeling material. The extrusion head,
which includes aliquifierand a dispensing nozzle, receives the filament,
melts the filament in the liquifier, and extrudes molten modeling material
from the nozzle onto a base contained within a build envelope. The
modeling material is extruded iayer-by-layer in areas defined from the
CAD model. The material being extruded fuses to previously deposited
material and solidifies to form a three-dimensional object resembling the
CAD model. In building a model from a modeling material that thermally
solidifies upon a drop in temperature, the build envelope is preferably
a chamber which is heated to a temperature higher than the
solidification temperature of the modeling material during deposition,
and then gradually cooled to relieve stresses from the material. As
disclosed in U.S. Patent No. 5,866,058, this approach anneals stresses
out of the madel while is being built so that the finished model is stress
free and has very litite distortion.

In creating three-dimensional objects by depositing layers
of solidifiable material, supporting layers or structures are built
underneath overhanging portions or in cavities of objects under
construction, which are not supported by the modeling material itself.
For example, if the object is a model of the interior of a subterranean
cave and the cave prototype is constructed from the floor towards the
ceiling, then a stalactite will require a temporary support untit the ceiling
is completed. A support structure may be built utilizing the same
deposition techniques and apparatus by which the modeling material is
deposited. The apparatus, under appropriate software control,
produces additional geometry acting as a support structure for the
overhanging or free-space segments of the object being formed.
Suppott material is deposited either from a separate dispensing head
within the modeling apparatus, or by the same dispensing head that
deposits modeling material. A support material is chosen that will

JP 2004-504177 A 2004.2.12
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adhere to the modeling material during construction, and that is
removable from a completed object. Various combinations of modeling
and support materials are known, such as are disclosed in U.S. Patent
No. 5,503,785.

In Stratasys FDM®three-dimensional modeling machines
of the current art which embody a filament feed as disclosed in the
above-referenced patents, a coil of modeling filament wrapped on a
spool is loaded into the machine by mounting the spool onto a spindle.
The filament is made of a thermoplastic or wax material. The user
manually feeds a strand of the filament through a guide tube made of
low friction material, unwinding filament from the spool until the filament
strand reaches a pair of motor-driven feed roliers at the extrusion head.
The filament strand is advanced by the feed rollers into a liquifier carried
by the extrusion head. Inside the liquifier, the filament is heated to a
flowable temperature. As the feed rollers continue to advance filament
into the extrusion head, the force of the incoming filament strand
extrudes the flowable material out from the dispensing nozzle where it
is deposited onto a substrate removably mounted to a build platform.
The flow rate of the material extruded from the nozzle is a function of
the rate at which the filament is advanced to the head and the size of
the dispensing nozzle orifice. A controller conirols movement of the
extrusion head in a horizontal x, y plane, controls movement of the build
platform in a vertical z-direction, and controls the rate at which the feed
rollers advance filament into the head. By controlling these processing
variables in synchrony, the modeling material is deposited at a desired
flow rate in “beads” or “roads” layer-by-layer in areas defined from the
CAD model. The dispensed modeiing material solidifies upon cooling,
to create a three-dimensional solid object.

The Stratasys FDM® modeling machines use modeling
filaments which are made from moisture sensitive materials, e.g., ABS
thermoplastic. In order for the machines to function properly and to

build accurate, robust models, the material must be kept dry. Therefore,
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filament spools for use in the machines are shipped, together with
packets of desiccant, in moisture-impermeable packages. Each
filament spool is to remain in its package until it is foaded into a
modeling machine. The spindle onto which the spool is mounted is
contained in a “drybox”, an area of the machine maintained at low
humidity conditions. The user is instructed to place the desiccant
packets packaged with the filament spool into the drybox, and to remove
any desiccant packets placed in the machine with prior spools. After
manually feeding the filament to the feed rollers, the user latches a door
of the drybox and may instruct the machine to begin building a model.
To unload the filament speool from the machine, the user manually winds
the filament back onto the spool. U.S. patent no. 6,022,207 shows and
describes a spool of the current art loaded into the drybox of a three-
dimensional modeling machine.

Manually feeding filament to the head, as is presently
done, can be tedious. Additionally, as a practical matter, users often
leave old desiccant in the drybox and fail to replace it with new
desiccant, allowing humidity in the drybox to reach unacceptable levels.
Further, frequent switching of spools results in moisture-contaminated
material. Opening and closing the drybox door allows humid air to get
trapped inside of the sealed area. A partially used spool unloaded from
the machine is exposed to moisture and becomes contaminated as well.
These moisture contamination problems result in wasted material when
the user switches the type or color of modeling material. Moreover,
some materials desirable for use as modeling materials in the Stratasys
FDM® machines are highly vulnerable to moisture and can get
contaminated within minutes. The time during which the drybox door is
opened forloading and unloading filament introduces a level of moisture
into the drybox unacceptable for some desirable matertials, limiting the
choice of modeling materials for use in these machines.

It would be desirable to provide modeling filament to a
three-dimensional modeling machine in a mannerthat would simplify the

JP 2004-504177 A 2004.2.12
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loading and unloading operation, and that would reduce the moisture
introduced into the machine. Additionally, it would be desirable to be
able to readily remove unused filament from the machine and store it for
later use.
BRIEF SUMMARY OF THE INVENTION

The present invention is a filament cassette and afilament
loading assembly for supplying modeling filament in a three-dimensional
deposition modeling machine. The filament cassette has a chamber
which contains a rotatable spool of filament, a filament path which leads
from the chamber to an exit orifice, and a means for advancing filament
from the spoo) along the filament path and out of the exit orifice. Ina
first preferred embodiment, the means for advancing comprises a roller
which receives a rotational force from an external drive wheel. In a
second preferred embodiment, the means for advancing comprises a
roller that is manually operated by a user. The filament cassette may be
made airtight to protect moisture sensitive filament from the
environment.

The filament cassette receiver is on the modeling machine
and comprises a conduit and a drive means. The conduit receives a
filament strand provided from the exit orifice of the cassette and guides
the filament strand along a filament path of the machine. The drive
means advances the filament strand through the conduit iﬁ response to
control signals from a controlier. The filament cassette may be
unloaded from the machine by controlling the drive means to wind the
filament strand back through the conduit and info the cassette. Ina
preferred embodiment, the latching means engages and disengages the
filament cassette in a loading bay of the modeling machine, to both
maintain and allow removal of the cassette. One or more filament
loading assemblies may be used in a single modeling machine, each
receiving a filament cassette.

BRIEF DESCRIPTION OF THE DRAWINGS

JP 2004-504177 A 2004.2.12
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Figure 1 is a perspective, diagrammatic view of a generic
filament-feed used in an extrusion-based three-dimensional modeling
machine such as is known in the prior art.

Figure 2 shows a first embodiment of a filament cassette
being Joaded into a first embodiment of a three-dimensional modeling
machine.

Figure 3 is a partially exploded view of the first
embodiment of a filament cassette.

Figure 4 is an exploded view of the spool and lower shell
of the filament cassette shown in Figure 3.

Figure 5 is a detailed view of the (partially) exploded
filament cassette shown in Figure 3, showing a strand of filament in the
filament path and a mounted circuit board.

Figure 5A is a detailed view of an alternative configuration
of a circuit board mounted onto the first embodiment of a filament
cassette.

Figure 6 is a perspective view of the first embodiment of
the filament cassette, shawing the battom surface, side and trailing edge
of the cassette.

Figure 7 is a front elevation of the first embodiment of the
filament cassette.

Figure 8 is top plan view of a first embodiment of a
filament cassette receiver of the present invention.

Figure 9 is a front elevation of the first embodiment of the
filament cassette receiver.

Figure 10 is a perspective, detailed view of the filament
drive shown in Figure 8 as part of the filament cassette receiver.

Figure 11Ais a top plan view of the first embodiment of a
filament cassette loaded into the filament cassetie receiver of Figure 8,

showing the filament drive assembly in a disengaged position.
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Figure 11B is a top plan view of a filament cassette loaded
into the cassette receiver of Figure 6, showing the filament drive
assembly in an engaged position.

Figure 12 is a perspective detailed view of the filament
drive assembly of Figure 11B engaging a roller on the first embodiment
of the filament cassette.

Figure 13 is a perspective view of a filament loading
assembly in a second embodiment of the three-dimensional modeling
machine.

Figure 14 is a perspective view of a second embodiment
of the filament cassetie. )

Figure 15 is an exploded view of the second embadiment
of the filament cassette (guide block not shown).

Figure 16 is a perspective view of the canister base of the
second embodiment of the filament cassette.

Figure 17 is a perspective view of the guide block shown
in Figure 14, with the access door open.

Figure 18 is an exploded view of the filament cassette
receiver shown in Figure 13.

Figure 19 is a sectional view of the filament Joading
assembly of Figure 13, taken along a line 19-19 thereof.

DETAILED DESCRIPTION

A fitament feed 10 used generally to feed filament to an
extrusion head 20 in an exirusion-based three-dimensional modeling
machine is shown in Figure 1. A spool 12 carrying a coil of filament 14
is mounted on a spindle 16. The filament 14 is made up of a modeling
material from which a three-dimensional modetl (or a support structure
for the three-dimensional madel) is to be built. Typically, the filament
has a small diameter, such as on the order of 0.070 inches.

A strand of the filament 14 is fed through a guide tube or
tubes 18, made of a low-friction material, which also preferably provides

a moisture barrier, such as Teflon™. The Quide tube 18 routes the
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strand of filament 14 to the extrusion head 20. A pair of feed rollers 22,
shown mounted on the extrusion head 20, receive the strand of filament
14 and feed the strand of filament 14 to a liquifier 26 carried by the
extrusion head 20. As shown, the feed rollers 22 are rubber-coated so
as to grab the strand of filament 14 therebetween. Also as shown, one
of feed rollers 22 is a drive roller, driven by a motor 24 under the control
of a controller 25. The other roller 22 is an idler roller. The liquifier 26
is heated so as to melt the filament 14. The liquifier 26 terminates in a
nozzle 28 having a discharge orifice 30 for dispensing the molten
modeling material. The liquifier 26 is pressurized by the “pumping” of
the strand of filament 14 into the liquifier 26 by feed roilers 22. The
strand of filament itself acts as a piston, creating a “liquifier pump”. The
pressurization impels the molten modeling material out of the orifice 30
at a volumetric flow rate. The volumetric flow rate is a function of the
size of the dispensing orifice 30 and the rate of rotation of the feed
rollers 22, By selective control of the motor 24, the rate of advancement
of the strand of filament 14, and thus the volumetric dispensing rate of
the molten modeling material, can be closely controlled.

The extrusion head 20 is driven in a horizontal x,y plane
by an x-y translator 34, which receives drive signals from the controlier
25 in accordance with design data derived from a CAD model. As the
extrusion head 20 is franslated in the x-y plane, molten modeling
material is controllably dispensed from the orifice 30 layer-by-layer onto
a planar base 32 (shown in part in Figure 1). After each layer is
dispensed, the base 32 is lowered a predetermined increment along a
vertical z-axis by a z-axis translator 36, which also receives drive signals
from the controller 25. The dispensed material fuses and solidifies to
form a three-dimensional object resembling the CAD model. Support
material may be dispensed in a like fashion in coordination with the
dispensing of modeling material, to build up supporting layers or a
support structure for the object.
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As will be understood by those in the art, many variations
of the modeling machine and process are possible. For example, any
relative movement in three-dimensions befween the extrusion head 20
and the base 32 may be used to built up the object. The feed rollers
and the motor may take various forms. For example, as is disclosed in
U.8. Patent No. 5,121,329, both rollers may be driven (such as by
coupling the rollers by a timing belt), more rollers be added, or the
rollers may be spring-biased towards each other, rather than rubber
coated, to maintain gripping frictional contact on the filament. Any type
of motor that can drive the feed rollers at a controlled rate may be
employed, for instance a servo motor or a stepper motor. Likewise,
different arrangements of exfrusion heads may be utilized for receiving
and dispensing different types or colors of filament from separate
filament feeds. For example, the extrusion head may carry two sets of
feed rollers, each driven by its own motor, for advancing two different
filament strands from two different spools, such is disclosed in U.S.
Patent Nos. 5,121,329; 5,503,785; and 6,004,124.

Embodiment One

In the present invention, the spool carrying a coil of
filament is contained within a filament cassette. Figure 2 shows a first
exemplary embodiment of a modeling machine 40 which has two
loading bays 42 stacked vertically, each for receiving a first embodiment
of a filament cassette 44. As shown, one filament cassette 44 is loaded
into the lower loading bay. A second cassette 44 is being loaded into
the upper loading bay 42. Each filament cassette contains a spool
carrying a coil of filament. Preferably, one cassette 44 supplies filament
formed of modeling material, while the other cassette 44 supplies
filament formed of support material. The modeling machine 40 has two
liquifiers 26, such as shown in Figure 1, which each receive a strand of
filament from one of the cassettes 44.

As will be described in detait below, each loading bay 42
contains a cassette receiver 46 which engages the filament cassette 44
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and advances a strand of the filament 14 from the cassette 44 into the
guide tube 18 of filament feed 10. A user loads the filament cassette 44
into the modeling machine 40 by holding the cassette 44 in an upright
position and lining up a leading edge 48 of the cassette 44 with one of
the loading bays 42. The user pushes the cassette 44 into the loading
bay 42 until a hard stop is reached. At such time, the cassette 44 is
engaged by the cassette receiver 46.

Detail of the filament cassetie 44 is shown in Figures 3-7.
As shown in Figures 3 and 4, the filament cassette 44 is comprised of
an upper shell 50, a lower shell 52, and a spool 54 carrying the filament
14. The upper shell 50 and lower shell 52 fasten together, with the
spool 54 between them, by a set of four screws 55 (not shown). The
lower shell 52 has a hub 56 and the upper shell 50 has a hub 58. A
circular recess 58 within upper shell 50 and lower shell 52 surrounds
sach of hubs 56 and 58. The upper shell 50 and lower shell 52 each
have seven compartments 60 along the periphery of the recess 59.
Together, hubs 56 and 58 form a spindle on which the spool 54 rotates
within a chamber defined by the circular recesses 59. Packets of
desiccant 62 are placed in the compartments 60 so as to maintain dry
cenditions in the chamber of cassette 44. A narrow channel 64 is
routed in lower shell 52 in a closed-loop around the periphery of the
circular recesses 59 and the compartments 60. A gasket 68 is seated
in the channel 64, and a ridge 66 in the upper shell 50 mirrors the
channel 64. The gasket 68 blocks air from reaching the spool 54 within
the cassette 44 when the upper shell 50 and the lower shell 52 are
fastened together.

Each of shells 50 and 52 have a narrow channel 70
leading from the circular recess 59 to the leading edge 48 of the
casseite 44, as best shown in Figure 5. Together, the channels 70
define a filament path which terminates in an exit orifice 72 of the
cassette 44, as shown in Figure 7. As is best shown in Figure 5, a roller

76 is mounted opposite a roller 78 along the channel 70 of the lower
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shell 52. As shown, roller 76 rotates on a floating axle 80, while roller
78 rotates on a fixed axle 82. The floating axle 80 is seated in an
oblong depression 81 of the upper and lower shells 50 and 52, oriented
perpendicular to the filament path. The fixed axle 82 is seated in a
cylindrical depression 83 of the upper and lower shells 50 and 52. A
force applied against rolier 76 will force roller 76 towards roller 78 to grip
a strand of filament 14 in the filament path. Alternatively, both rollers
could have a fixed axle, and be pasitioned close enough to one another
to grip a filament strand in the path. The rollers may have an
slastomeric surface, to aid in gripping the strand of filament 14.

The channel 70 of lower shell 52 forming the filament path
crosses the channel 64 at a position located between the circular recess
59 and the roller pair 76 and 78. A retainer 84, which is integral with the
gasket 68, is positioned at this location. The retainer 84 has a center
hole 85 of a diameter approximately equal to the filament diameter.

Each of shells 50 and 52 have another channel 86 which
runs parallel to the channel 70. Together, the channels 86 define a
registration pin receiving cavity 88, which begins at the leading edge 48
of the cassette 44 and terminates before reaching the gasket 68. Cavity
88 has a flared mouth followed by a narrow neck. The mouth of cavity
88 is shown in Figure 7. Each of upper shell 50 and lower shell 52 have
a recess 89 to the right of the channel 86, which together form a recess
in the leading edge 48 of the cassette 44. On the lower shell 52, a
circuit board is mounted in the recess 89.

In one embodiment, as shown in Figure 5, a circuit board
92 is mounted horizontally at the base of the recess 89 by two screws
94, and carries an EEPROM 96 on its upper surface. The circuit board
92 has conductive tabs 98 on a portion thereof which extends across the
recess 89, so that it may be received by a card-edge connector. Inan
alternative embodiment, shown in Figure 5A, a circuit board 102 is
mounted vertically in the recess 89 by screws 104. The circuit board
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102 has an inner face (not shown) which carries the EEPROM 96 and
an outer face which carries a pair of electrical contacts 106.

The EEPROM 96 acts as an electronic tag for the cassette
44. The EEPROM 86 contains information identifying the cassette 44
and the filament 14, such as the type of material from which the filament
is formed. The EEPROM 86 additionally may keep a count of the lineal
feet of filament 14 that is in the cassette 44. When the cassette 44 is
loaded into the modeling machine 40, the EEPROM 86 is electrically
connected to the controller 25, as described below. As filament 14 is
advanced from the cassetle 44 into the modeling machine 40, the
controller 25 continually updates the lineal feet count of the filament 14
remaining in the cassette 44. This allows the controlier 25 to prevent
the machine 40 from attempting to model without filament. EEPROM
96 may be any electronically readable and writeable data store. The
use of such a data store as a filament tag is described in U.S. Patent
No. 5,939,008.

The filament cassette 44 is assembled by placing the
spool 54 carrying the filament 14 on the hub 56 of the lower shefl 52.
The lower shell 52 is prepared by pressing the gasket 68 into the
channel 64, so that the center hole 85 of the retainer is aligned in the
channel 70. One of the circuit boards 92 or 102 is fastened to the lower
shell 52. The fixed axle 82 carrying roller 78 is placed into the cylindrical
depression 82 of the lower shell 52, while the floating axle 80 carrying
roller 76 is placed into the oblong depression 81 of the lower shell 52.
A strand of the filament 14 from the spool 54 is threaded through the
hole in retainer 84, and placed in the channel 70 of lower shelf 52
between the rollers 76 and 78. A packet of desiccant is placed in each
of the compartments 60. Once each of these items are in position on
the lower shell 52, the upper shell 50 and lower shell 52 are fastened
together by the four screws 55 (alternatively, any known fastening
device could be used). The screws 55 are set into four screw holes 108

of the lower shell 52, and extend info four threaded screw holes 108 of
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the upper shell 50. The cassette 44 is then ready for loading into the
modeling machine 40.

Once the cassette 44 is assembled, it may be placed in a
moisture- impermeable package, which package may then be vacuum
sealed, for shipping or later use. Vacuum sealing is desirable where the
filament 14 is made from a moisture sensitive material. Additionally, for
moisture sensitive materials, the chamber of the cassette 44 containing
the spooled filament should be dried just prior to the vacuum sealing.
The casseite 44 then remains in the package until a user is ready to
load the cassette 44 info the modeling machine 40.

After the filament 14 contained within the cassette 44 is
depleted or otherwise becomes unusable, the cassette 44 can be
refilled and reused by detaching the shells 50 and 52 and replacing the
filament 14 on the spool 54. The EEPROM 96 carried by circuit board
92 or 102 can be reset or the circuit board replaced to provide a new
EEPROM 96.

Figure 6 shows the bottom surface, trailing edge and right
side of filament cassette 44. As shown, the roller 76 protrudes from an
opening 111 in the right side of the cassette 44 so that it may receive an
external rotational force. As will be described in more detail below, the
roller 76 is preferably driven by a drive wheel 156 on the cassette
receiver 46 to advance the strand of filament 14 out of the exit orifice 72.

The cassette receiver 46 which engages filament cassette
44 is shown in Figures 8-12. The cassette receiver 46 is mounted on
the fioor 110 of each loading bay 42. Preferably, the loading bay floor
110 is made of sheet metal. The cassette receiver 46 comprises a
latching mechanism 112, a reciprocating assembly 114 and a drive
assembly 116. The latching mechanism 112 is mounted to the floor 110
by a bracket 116. The Iétching mechanism 112 is comprised of a
solenoid 118, an arm 120 and a latch 122. The arm 120 is coupled to
the solenoid 118 at one end thereof and is integral with the latch 122 at
the other end thereof. The arm 120 extends downward from the
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solenoid 118 through an opening in the floor 110, sits below and
generally parallel to the floor 110, and then angles upward so that it will
pivot to position the latch 122 alternately above and below the floor 110.
The latch 122 moves up and down through a cutout 124 in the floor
110.

The solenoid 118, operating under control of the controller
25, alternately rocks the arm 120 up and down to engage and
disengage the latch 122. When the solenoid 118 is energized, the arm
120 rocks upward at the latch end, placing the latch 122 in an engaged
position. When the solenoid 118 is de-energized, the latch end of arm
120 rocks downward, moving the latch 122 to a disengaged position.

The reciprocating assembly 114 is fastened to the loading
bay floor 110 by a bracket 126. The reciprocating assembly 114
comprises a piston 128, an ejection spring 130, a track 132 and a frame
133. The piston 128 sits parallel to and above the floor 110. The piston
128 extends through a hole in the bracket 126 and moves forward and
back in the loading bay 42, guided by track 130. The forward end of the
piston 128 is coupled to the frame 133, which extends generally
perpendicular to the piston 128. The frame 133 moves back and forth
with the motion of piston 128. The sjection spring 130 is coiled around
the piston 128, connecting to the bracket 126 at the rearward end
thereof and connecting to the frame 133 at the forward end thereof. A
horizontal force applied against the frame 133 will compress the ejection
spring 130. When said force is released, the spring 130 will
decompress, causing the frame 133 and piston 128 to move forward.
A pair of bearings 134 are mounted to the floor 110 undemeath the
frame 133. The bearings 134 provide a low friction surface which
supports frame 133 in a plane parallel to the floor 110, while allowing the
frame 133 to slide back and forth.

Attached to the frame 133 are an electrical connector 136,
a registration pin 138 and a conduit 140. The electrical connector 136

is configured to mate with the circuit board of the filament cassette 44
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on a forward face thereof and is configured to provide an electrical
connection to the controller 25 at a rear face thereof. As shown, the
forward face of electrical connector 136 carries two pogo pins 142
configured to mate with the electrical contacts 106 of circuit board 102
carried by the cassette 44. (Alternatively, the electrical connector could
be a card-edge connector for receiving the conductive tabs 98 of circuit
board 92). The registration pin 138 is mounted on the frame 133 to the
right of the electrical connector 136. The registration pin 138 extends
forward in the loading bay 42 and has a diameter approximately equal
to the diameter of the neck of cavity 88 within the filament cassette 44.
The conduit 140 is located to the right of the regisiration pin 138. The
conduit 140 has an entrance 144 which faces forward in the loading bay
42, and an exit 146 facing to the rear of the loading bay 42. The
entrance 144 of the conduit 140 is configured to align with the exit orifice
72 of the cassette 44, and to receive the strand of filament 14 from the
exit orifice 72. Optionally, the conduit 140 may make an airtight seal
with the exit orifice 72 and the guide tube 18. A strand of the filament
14 fed into the conduit entrance 144 will exit through the conduit exit 146
where it can then be provided into the guide tube 18 and routed fo the
liquifier 26.

The drive assembly 116 is mounted to the loading bay
floor 110 by a bracket 148. The drive assembly 116 comprises a
solenoid 150, a motor 152, a gear train 154, a drive wheel 156 which
rotates on a shaft 168, and a housing 160. The drive assembly 116 is
shown in detail in Figures 10-12. The solenoid 150 having an actuator
162 is mounted in the bracket 148 so that the actuator 162 reciprocates
forward and back in the loading bay 42. Energization of the solenoid
150 is controlled by the controller 25. The actuator 162 moves forward
in the loading Bay 42 when the solencid 150 is actuated, and moves
towards the back of the loading bay 42 when the solenoid 150 is
deactuated. The housing 160, which carries the motor 152, the gear
train 154 and the drive wheel 156, is pivotably mounted onto the floor
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110 in front of the actuator 162. When the solenoid 150 is energized,
the actuator 162 pivots the housing 160 in a clockwise rotation. Absent
a force imparted against the housing 116 by the actuator 162, the
housing 160 is in an upward resting position. When the actuator 162
rotates the housing 116 in a counterclockwise direction, the drive wheel
156 is placed in an actuated position at which it will press against the
floating-axis roller 76 of the cassette 44 when the cassette 44 is loaded
in the loading bay 42.

The motor 152, in response to control signals from the
controller 25, causes rotation of the shaft 158 via gear train 154, as best
shown in Figure 10. Rotation of the shaft 158 rotates the drive wheel
156. When in its actuated position, the drive wheel 156 will then rotate
the c tte roller 76. Rell of the actuator 162 from the housing

160 allows the housing 160 to rotate back into a resting position. In an
alternative embodiment wherein the cassette roller has a fixed axis, the
solenoid 150 could be eliminated and the drive wheel 156 could remain
fixed in the actuated position where it would impart a constant force
against the cassette roller.

As mentioned above, a userloads the cassette 44 into the
modeling machine 40 by pushing the cassette 44 into one of the loading
bays 42 until a hard stop is reached. The hard stop is provided by a
backstop 164, which is mounted to the loading bay floor 110 (as shown
in Figure 8), and the compression of the ejection spring 130. As the
user releases the cassetie 44, it moves back until the latch 122 catches
on a ridge 180 on the bottom surface of the cassstie 44 (shown in
Figure 6). The latch 122 is set in an upward position prior to loadi‘ng the
cassette 44, under commands from the controller 25 to the solenoid
118, so that it is ready to catch the cassette 44. The latch 122 remains
in this upward position until the user desires to remove the cassette 44,
at which time the controller 25 de-energizes the solencid 118 to lower
the latch 122.
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As the cassette 44 is pushed into the loading bay 42, the
registration pin 138 slides into the cavity 88 of the casseite 44. The
registration pin 138 serves to propetly align the cassette 44 with the
cassette receiver 46, and specifically to counteract a torque imparted
against the cassette 44 by engagement of the drive system 116. With
the cassette 44 properly aligned with the cassette receiver 46, the pogo
pins 142 mate with the electrical contacts 106 of the circuit board 102.
Electrical contact is then established between the cassette 44 and the
controller 25. The controller 25 knows that the cassette 44 is loaded
when it senses that the EEPROM 96 is present. The controller 25 reads
the count that is stored on the EEPROM 96. If the count indicates that
the amount of filament 14 contained in the cassette 44 is below a sef
“cassette empty” threshold value, the user is alerted to load a new
cassette 44.

When the controller 25 senses that the cassette 44 is
loaded, it energizes the solenoid 150 of the drive assembly 116. As
described above, actuation of the solenoid 150 rotates the housing 160
such that the drive wheel 156 moves 1o its actuated position, at which
it presses against the roller 76 of the cassette 44. The drive wheel 156
imparts a force against the roller 76, pushing the roller 76 towards the
roller 78, thus pinching the strand of filament 14 that is in the filament
path. When the drive wheel 156 is driven in a counterclockwise rotation
by the motor 152, the roller 76 is driven in a clockwise rotation so as to
advance the strand of filament 14 into the conduit 140, and then into the
guide tube 18.

The cassette receiver 46 continues to advance the strand
of filament 14 until it reaches the feed rollers 22. The controller 25
senses presence of the filament 14 at the feed rollers 22. Preferably,
motor 24 is a DC servo motor, and the sensing is achieved by
monitoring the current load of the motor 24. To monitor the current load,
the controller 25 activates the motor 24 at the start of the auto-load

process. When filament is present between the rollers 22, the current
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load will increase. When the controller 25 senses the increase in motor
current load, the controller 25 signals the motor 24 and the cassette
receiver 46 to stop. Additionally, the controller 25 de-energizes the
solenoid 150 to remove the force of drive wheel 156 against the roller
76. This serves to remove the frictional force of the roilers from the
filament 14 during modeling. Filament 14 from each of the cassettes 44
is loaded in a like manner. Once both materials have been loaded,
modeling may begin.

Optionally, as mentioned above, the drive assembly 116
could be designed so that the drive wheel 156 remains in a fixed
position where it applies a constant force. In such an arrangement, it
would be possible to eliminate the roller pair 22, and instead use the
roller pair on the cassette 44 to feed the filament 14 into the liquifier 26.
Then, the drive wheel 156 would be driven at a controlled rate o control
the rate of advancement of the filament 14 into the liquifier 26.

To unload the filament, a contraller 25 drives the motor 24
backwards for a short time sufficient to pull the strand of filament 14 out
of the liquifier 26 and feed rollers 22. The controller 25 then disengages
the cassette receiver 46 from the cassette 44, allowing the user to
remove the cassetie 44 from the loading bay 42. To eject the cassette
44 from the machine 40, the user pushes the cassette 44 to the
hardstop to allow disengagement of the latch 122. The spring 130 then
forces forward the reciprocating assembly 114, ejecting the cassette 44.

The top surface and trailing edge of cassette 44 each have
a window 170 which allow the user to visually inspect the amount of
filament 14 contained within the cassette 44 when the cassette 44 is
loaded or unloaded. If a useable amount of filament 14 remains in the
cassette 44 when it is removed from the loading bay 42, the cassette
can be stored for later use. If there is not a usable amount of filament
remaining, the cassette 44 can be refilled and reused.

Embodiment Two
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Figure 13 shows a filament loading assembly 178 in a
second embodiment of a modeling machine 180, which builds models
from filament supplied from a second exemplary embodiment of a
filament cassette 184. The filament loading assembly 178 and the
filament cassette 184 are particularly suited for building models from
moisture-sensitive materials. The filament loading assembly 178
comprises four loading bays 182, four filamént cassettes 184 each
containing a spool 186 carrying a coil of filament 188, four filament
cassette receivers 190, two junction blocks 192 and a drying system
194. The fourloading bays 182 are aligned horizontally across the front
of the modeling machine 180. Each loading bay 182 receives one
filament cassette 184 and has associated with it one filament cassette
receiver 190, mounted in a ceiling thereof. The junction blocks 192 are
mounted to a frame 195 of the filament loading assembly 178, and are
each associated with a pair of cassette receivers 190.

A user loads the filament cassette 184 into the modeling
machine 180 by holding the cassette 184 in an upright position, pushing
the cassette 184 into one of the loading bays 182, grasping a latch196
on the filament cassette receiver 190, and pulling the latch 196 forward
to drop the filament cassette receiver 190 to a lowered position. in the
lowered position, the filament cassette receiver 190 mates with the
filament cassette 184 and latches the cassette 184 into place. A strand
of filament is manually fed from each filament cassette 184 to the
associated cassette receiver 190 (as will be described in detail below).
The cassette receiver 190, under control of the controller 25, then
automatically advances the filament strand through tubing 202 and the
associated junction block 192 toward the extrusion head 20.

Each junction block 192 has two input ports198, one air
port 199, and one output port 200. The input ports 198 are coupled to
the associated cassette receivers 190 by lengths of tubing 202, which
provides a path for filament strands from the receivers 190 to the
associated junction block 192. The output ports 200 of each junction
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block 192 are connected to lengths of tubing 204. Tubing 204 provides
a filament path from each junction block 192 to a liquifier 26 (such as
shown in Figure 1). For filament 188 that is made of a moisture
sensitive material, the drying system 194, which comprises a
compressor 206, a filter 208, and a regenerative dryer 210, is used to
maintain dry conditions in the path of the filament strand as it travels
from the cassetie 184 to the liquifier 26, as will be described in more
detail below.

At a given time, only one strand of filament is provided to
each junction block 192 and to each pair of feed rollers 22. The other
filament strands remain in the associated cassette receivers 190. A
cassette 184 that provides the filament strand 1o the junction box 192 is
termed a primary material supply cassette, while a cassette 184 which
provides the filament strand that remains in the cassette receiver 190 is
termed a standby material supply cassette. The machine 180 can switch
from the primary to the standby material supply cassette 184 without
user intervention, by winding the filament strand from the primary
cassette 184 back towards its receiver 190, and advancing the filament
strand from the standby cassette 184 through the junction block 192 to
the feed rollers 22. The standby cassette then becomes the primary
cassette. In a typical modeling application, it will be preferable for one
junction block 192 to receive modeling material filament and the other
junction block 192 to receive support material filament. Then, the
machine 180 can automatically switch to the standby supply when the
primary supply is depleted, and no modeling time will be lost. The
depleted cassette can be replaced at the user’s convenience while the

" modeling machine 180 continues to run. Alternatively, if the primary and

standby cassettes 184 contain different types of filament 188, switching
can be done before depletion of material to allow building from a
different material type or color.

The filament cassette 184 is shown in detail in Figures14~
17. As shown, the filament cassette 184 is comprised of a canister 212,
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a guide block 214, and spool 186 carrying a coil of the filament 188.
The canister 212 is formed of a body 216, and a lid 218 that presses
onto the body 216. The interior of canister 212 defines a chamber
containing the spool 186. The spool 186 rotates on a hub 220 of the
body 216 and a hub 221 of the lid 218. Optionally, a spring plate 222
is attached to the inside of the lid 218. The spring plate 222 has spiked
fingers which are bent so as to allow rotation of the spool 186 in only the
direction that will advance filament out of the cassette 184. The guide
block 214 is attached to the body 216 at an outlet 224, and provides a
exit path for the filament 188. The guide block 214 is fastened to the
canister body 216 by a set of screws (not shown) which extend through
six screw holes 232 in the body 216 (shown in Figure 15).

For filament 188 made of moisture sensitive material, the
cassette 184 is made air tight. The canister 212 and guide block 214
are made of materials that block water vapor transmission, such as
sheet metal and polypropylene, respectively. A strip of moisture-
impermeable tape 223 seals the lid 218 to the body 216. Moisture can
be withdrawn from the interior chamber of canister 212 through a hole
226 in the canister body 216, and the hole 226 sealed with a plug 228.
Preferably, a piece of moisture-impermeable tape 230 is placed over the
plug 228 to further seal the hole 226.

As shown in Figure 19, a strand of the filament 188 inside
the canister 212 is fed through outlet 224 into a filament path 236 in the
guide block 214. The filament path 236 extends through the guide block
214, terminating in an exit orifice 238. Adjoining the fitament path 236,
the guide block 214 has a chamber 238 in which a knurled roller 240 is
mounted on a pin 242. The pin 242 is mounted so that the knurled roller
240 pinches the strand of filament in the path 236 against a wall 246.
A user can advance the filament strand out of the exit orifice 238 and
along the filament path 236 by manually rotating the roller 240 in a
clockwise direction. To prevent a counterclockwise rotation of roller 240

(which would push the filament strand towards the canister 212 where
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it could be accessed only by opening the canister), an anti-rotation plate
244 is preferably mounted in the chamber 238, juxtaposed with the roller
240. It will be apparent to those skilled in the art that the knurled roller
240 could be replaced with some other means for advancing the
filament strand. For example, the wall 246 could have a raised contour
allowing a user to apply a manual propulsion force to the filament over
the contour. Further, the raised counter could be defined by an idler
rollers or an idler roller could be used in combination with the knurled
roller 240.

For filament 188 formed of moisture sensitive material, air
flow to the filament path 236 is prevented. The guide block 214 has a
removable plug cap 248 that seals the exit orifice 238, and a door 250
that encloses the chamber 238. The plug cap 248 snap-fits onto a pair
of grooves 254 on the guide block 214, so that a compressible seal 252
on the underside of the plug cap 248 covers the exit orifice 238. The
plug cap 248 is removed by the user at the time of inserting the cassette
184 into the machine 180. Preferably, the guide block has a second set
of grooves 256 on which the plug cap 248 may be parked when it is
removed from the first set of grooves 254. The door 250 has a
compressible seal 258 on an interior surface thereof, and pivots on a
hinge 260. When the door 250 is open, the raller 240 is accessible fo
a user. The door 250 is opened by a user to load filament into the
machine 180, and kept closed otherwise. A compressible seal 234 is
placed between the guide block 214 and the canister body 216 to further
seal the cassette 184.

The guide block 214 may carry an EEPROM 96 (described
with respect to embodiment one above). The circuit board 102 carrying
EEPROM 96 is mounted in a depression 262 of the guide block 214,
with the pair of electrical contacts 106 facing out and the EEPROM 96
facing in. The circuit 102 is fastened to the guide block 214 by three
screws 266. For ease of use, the guide block 214 preferably functions
as a handle for the cassette 184. In the embodiment shown, the guide
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block 214 includes a pair of grips 264 (shown in Figure 14) on opposite
sides thereof.

The filament cassette 184 is assembled by placing the
spool 186 carrying the filament 188 on the hub 220 of the body 216, and
feeding a filament strand into the guide block 214. The filament strand
is positioned along the filament path 236 so that it contacts the roller
240. Optionally, packets of desiccant 62 (such as shown in regards to
embodiment one) may be placed in compartments defined by spokes
225 of the spool 186. Then, the lid 218 is pressed onto the body 218,
and the tape 223 is applied. it is then ready foruse. The cassette 184
may likewise be refilled and reused after the filament 188 that it contains
becomes depleted or unusable, by removing the lid 218 of the canister
212 and replacing the filament 188 on the spool 186. When refilling a
cassette 184, the EEPROM 96 carried by circuit board 102 can be reset
or the circuit board replaced to provide a new EEPROM 96.

For moisture sensitive materials, the cassefte 184
containing the spooled filament should be dried fo a level at which the
moisture content will not impair model quality. For most high-
temperature thermoplastics, for example polycarbonate,
polyphenylsulfone, polycarbonate/ABS blend and Ultem™, an
acceptable moisture content is a level less than 700 parts per million
(ppm) water content (as measured using the Karl Fischer method).
Multiple techniques may be used to dry the filament.

The material may be dried by placing the cassette 184
containing spooled filament in an oven under vacuum conditions. The
cassette 184 is placed in the oven prior to attaching the circuit board
102 and prior to plugging the hole 226. The oven is set fo a
temperature suitable to the specific modeling material type. For high-
temperature thermoplastics, a temperature of between 175-220 °F is
typical. The oven has a vacuum pump which maintains a dry
environment in the oven. The hole 226 in canister 212 facilitates
bringing the chamber of the canister 212 to the oven environment, so
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that the modeling material will be dried. When the moisture content of
the material reaches a level desirable for the modeling material, the hole
226 is promptly sealed and the cassette 184 removed from the oven.
For high-temperature thermoplastics, an expected drying time is
between 4-8 hours fo reach fess than 300 ppm water content. The
circuit board 102 is then attached. The fully-assembled cassette 184
may be vacuum-sealed in a moisture-impermeable package, until its
installation in a machine.

Alternatively, the packets of desiccant 62 alone may be
used to dry the material in the chamber of canister 212 without use of
the oven. It has been demonstrated that placing packets 62 containing
Tri-Sorb-molecular sieve and calcium oxide (CaO) desiccant
formulations in the cassette 184 and sealing the cassette 184 in a
moisture-impermeable package will dry the material to a water content
level of less than 700 ppm, and will dry the material to the preferred
range of 100-400 ppm. This desiccant-only drying method has
advantages over the oven-drying method in it requires no special
equipment, and is faster, cheaper and safer than oven drying. Suitable
Tri-Sorb-molecular sieve desiccant formulations include the following:
zeolite, NaA; zeolite, KA; zeolite, CaA,; zeolite, NaX; and magnesium
aluminosilicate.

Modeling filament in the cassette 184 can later be re-dried
by ovén-drying or by replacing the desiccant packets if the cassette 184

- becomes moisture contaminated while a usable amount of filament 188

remains. Moisture contamination may occur, for example, if the access
door 250 is left open for a prolonged time period, if the cassette 184 is
removed from the machine 180 without replacing the plug cap 248, or
it the cassette 184 is opened by a user.

The filament cassette receiver 190, which engages
filament cassette 184, is shown in detail in Figures 18 and 19. Each
cassette receiver 190 comprises a lift 270 and a drive block 272. As

shown in Figure 19, drive block 272 houses an entry conduit 274, an exit
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conduit 276, a pair of rollers 278 and 279, a motor 280 and the latch
196. Rolier 278 is a drive roller and roller 279 is an idler. The drive
roller 278 is driven by the motor 280. The motor 280 is preferably a DC
motor with a current supply controlled by the conirolier 25. Mofor 280
extends laterally through the drive block 272 and couples to the drive
roller 278 by a drive gear 282 attached to the shaft of the roller 278.

The exit conduit 276 is connected to the tubing 202. The
filament strand provided from the guide block 214 passes through the
entry conduit 274 to the rollers 278 and 279. The entry conduit 274
mates with the exit orifice 238 of the guide block 214 when the cassette
184 is joaded and latched into modeling machine 180. To provide an
airtight path for the filament strand entering the drive block 272, a seal
284 surrounds the entry conduit 274 near the entrance thereof, and
compresses against the guide block 214 of the loaded cassette 184.
From the rollers 278 and 279, the filament strand is provided to the exit
conduit 276, and from there to the tubing 202. The tubing 202 makes
an airtight seal with the exit conduit 276, Likewise, tubing 202 and
tubing 204 make an airtight seal with the ports 198 and 200 of the
junction block 192, providing an airtight filament path from the cassette
184 to the feed rollers 22.

The drive roller 278 and idler roller 279 must maintain
gripping, frictional contact on the filament strand to advance it along the
filament path. To grip the filament strand, the rollers 278 and 279 may
be have elastomeric surfaces, or idier roller 279 may be spring-biased
towards the drive roller 278, such as is described in U.S. Patent No.
5,121,329. An advantage of a spring-biased configuration is that the
roller surfaces can be hard and more wear resistant. Preferably, the
surfaces of rollers 278 and 279 each also have a groove around the
circumference thereof to align the filament strand on its course from the
entry conduit 274 to the exit conduit 276. The rollers 278 and 279 are
accessible to a user for maintenance through cover plate 308.
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The drive block 272 also contains a filament sensor 286,
which is positioned along the filament path between the roller pair 278
and 279 and the exit conduit 276. Sensor 286 is electrically connected
to the controller 25, and provides a signal indicating whether or not
filament is present at the position of the sensor 286. In the exemplary
embodiment shown, the sensor is a floating axis microswitch sensor.
The drive block 274 further carries an electrical connector 290. The
electrical connector 280 has two pogo pins 142 that mate with the
electrical contacts 106 of circuitboard 102, connecting the EEPROM 96
carried by circuit board 102 to the controller 25. The EEPROM 96,
when contacted by the pogo pins 142, signals the controller 25 that the
cassette 182 is present. In this manner, the machine 180 knows
whether or not each cassette 184 has been loaded.

The drive block 272 is manually raised and lowered by the
use of the latch 196. The latch 196 has a handle 291 at one end thereof
and a latch pin 292 at the other end thereof. The latch 196 extends
through the drive block 272 such that the handle 291 is accessible to a
user and the latch pin 292 projects into a vertical slot 296 of the drive
block 272. The slot 296 receives a latch plate 284 which extends
vertically downward from the lift 270. The latch plate 294 has a hole 298
for receiving the latch pin 292. Pulling on the handle 291 of the latch
196 retfracts the latch pin 292, allowing insertion and removal of the pin
292 from the hole 298. When the latch pin 292 is inserted info the hole
298, the drive block 272 is maintained in a raised position, allowing
loading and unloading of the cassette 184 from the loading bay 182.
When the latch pin 292 is removed from the hole 298, the drive block
272 drops to its lowered position where it engages the cassette 184 in
the loading bay 182. A user manually raises or lowers the drive block
272 by grabbing the latch handle 291, pulling forward, and either lifting
or lowering the latch 196.

A pair of guide rods 302 are provided on the drive block
272, which cauple the drive biock 272 to the lift 270, and align the latch
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plate 294 in the slot 296. The guild rods 302 are mounted in twao
receptacles 288 on a fop surface of the drive block 272. The guide
rods 302 extend vertically upward from the drive block 272 and through
a pair of guide bearings 304 in the lift 270. A pair of e-clips 306 clip to
the guide rods 302 above the lift 270 to support the drive biock 272 in
its lowered position. Preferably, a pair of springs 300 surround the
guide rods 302 in the receptacles 272. In the raised position, the
springs 300 compress beneath the lift 270. When the latch 196 is pulled
to remove the pin 292 from the hole 298, springs 302 force the drive
block 272 to its lowered position.

The drying system 194 creates an active moisture barrier
along the filament path, keeping the filament 188 dry while in the
machine 18. In the exemplary embodiment, the drying system 194 isa
dry-air purge system which provides dry air under pressure into air port
199 of the junction blocks 192. The dry air flows through the tubing 204
and exits the tubing 204 near the liquifier 26. If the feed rollers 22 are
used to advance the filament strand into the liquifier 26, the filament will
exif the tubing 204 as it enters the feed rollers 22. Alternatively, the feed
rollers 22 can be eliminated by using the roller pair 278 and 279 in the
drive block 272 to advance filament info the liquifier 26 at a controlled
rate. The exit of fubing 204 serves as a vent through which any
moisture that may have been trapped along the filament path is
released. For instance, the air flow provided by drying system 194 will
purge any humid air that enters the drive block 272 during the time that
the eniry conduit 274 of the drive block 272 is not sealed to a filament
cassette 184. Additionally, the positive pressure maintained in the
tubing 204 prevents humid air from entering the open end of the tubing
204. By maintaining a positive pressure in the tubing 202 and 204 and
purging the filament path of any moisture, the drying system 194 allows
use of the modeling machine 180 in a humid environment with moisture

sensitive modeling material.
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As mentioned above, the drying system 194 of the
exemplary embodiment comprises a compressor 206, a filter 208 and
a regenerative dryer 210. The compressor 206 intakes ambient air and
provides the air under pressure to filter 208. Filter 208 removes water
particles from the air. A Norgren™ F72G general purpose filter is
suitable for this application. From the filter 208, the air under pressure
flows to the dryer 210, which is preferably a regenerative dryer, such as
an MDH Series dryer available from Twin Tower Engineering, Inc. of
Broomfield, Colorado. Dry air under pressure flows from the dryer 210
into each junction block 192. In alternative embodiments of the drying
system, any source of dry air under pressure may be utilized
successfully to purge moisture from the filament path, and other dry
gases may be utilized as well. Importantly, the drying system should
continuously feed dry air or other gas under pressure to the filament
path, disallowing humid air from remaining in or entering the filament
path, and should be vented at or near the end of the filament path. One
alternative to drying system 194 is to provide a compressed nitrogen
tank as the dry gas source. Another aiternative is a regenerative drying
system, such as a hot air desiccant dryer having an output of less than
or equal to about 40 °F dew point.

To install one of the cassettes 184 into the modeling
machine 180, the machine 180 is first turned on. The user then
removes the plug cap 248 from the filament cassettes 184, and
promptly inserts the cassette 184 into one of the loading bays 182. The
plug cap 248 can be parked on the grooves 256 of the guide block 214,
saving it for later use. The user latches the cassette 184 into place by
pulling on latch 196, as has been described. Once latched, the pogo
pins 142 will contact the circuit board 102, thereby connecting the
EEPROM 96 fo the controller 25. Once the controller 25 senses that the
cassette 184 is loaded, the controller 25 will turn on the motor 280. The
drive roller 278 will then begin turning.
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The user next opens the door 250 of the guide block 214
to access the roller 240, and manually turns roller 240 by exerting a
downward force on the roller. The rotation of roller 240 will advance the
strand of filament 188 out of the guide block 214 and into the entry
conduit 274 of the drive block 272. When the filament strand reaches
the already rotating drive roller 278, the roller pair 278 and 279 will grab
the filament strand and take over advancement of the strand from the
user. The user promptly shuts the door 250 to seal the filament path.
The roller pair 278 and 279 then advance the filament strand at least as
far as the position of the filament sensor 286. If the filament casseite
184 is to be a standby cassette, the controller 25 will signal the motor
280 to stop turning, so that advancement of the filament strand ceases
at the sensor 286. Alternatively, if the cassette 184 is to be a primary
cassette, the roller pair 278 and 279 feed the filament strand through the
junction block 192 to the feed rollers 22 (or alternatively to the liquifier
26). When the filament strand reaches the feed rollers 22, the feed
rollers 22 take over control of the filament strand advancement. If the
current on the motor 280 is set low enough and the filament is rigid
enough, the motor 280 may be allowed to remain on and continue
supplying a constant push, but will stall out when the feed rollers 22 are
not in motion. This arrangement avoids having to turn the motor 280 on
and off in synchrony with the operation of the feed rollers 22. In an
alternate embodiment, the roller pair 278 and 279 may serve as the
material advance mechanism in place of the feed rollers 22. In such a
case, the operation of motor 280 would be closely controfted by
controller 25 o control advancement filament into the extrusion head 20.
During modeling, the controller 25 can keep track of the
amount of filament remaining in each cassette 184 by use of a count
maintained by each EEPROM 96. When one of the primary cassettes
184 becomes depleted of filament, the modeling machine 180 will
automatically switch fo the standby cassette 184 without operator -
intervention. To unload the filament, the controller 25 drives the motor
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24 backwards for a short time sufficient to pull the strand of filament 188
out of the liquifier 26 and feed rollers 22. The controller 25 then drives
the motor 280 backwards to pull the filament strand out of the tubing
204, the junction block 192, the tubing 202, and past the sensor 286,
The machine 180 knows that the junction block 192 is clear to receive
filament from the standby cassette 184 when the sensor 286 of the
primary cassette drive block 272 indicates that filament is no longer
present. The machine 180 then loads filament from the standby
cassette 184 to the extrusion head 20. This auto-unload/reload process
is particularly beneficial for modeling of large objects and when the
modeling machine 180 is operated beyond business hours. The user
can replace the depleted cassette 184 while the machine 180 continues
to build a model. The depleted cassette 184 can then be refilled and
reused.

In the case that the user desires to remove one of the
cassettes 184 from the machine 180 before the casselte 184 is depleted
of filament, the user may command the machine 180 to execute the
unload process. [f a useable amount of filament 188 remains on
cassette 184 when it is removed from the modeling machine, the
cassette 184 may be stored for later use without contamination. In such
a case, the user should seal the exit orifice 238 with the plug cap 248.
Ifthe cassette 184 has a useable amount of filament 188 remaining but
the filament has been moisture contaminated, the cassette 184 may be
re-dried as described above.

As disclosed in U.S. Patent No. 5,866,058, in building a
model from a thermally solidifiable material, it is preferable to build the
model in a chamber heated to a temperature higher than the
solidification temperature of the modeling material, and to cool the
material gradually following deposition so as to relieve stresses from the
material. A number of desirable thermoplastic modeling materials have
high melting points, for example, polycarbonate, polyphenylsulfone,
polycarbonate/ABS blend and Ultem™, and additionally are moisture
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sensitive. A deposition modeling apparatus which is particularly suitable
for building models at a high temperature is disclosed in PCT
Application No. US00/17363.

Although the present invention has been described with
reference to exemplary embodiments, workers skilied in the art will
recognize that changes may be made in form and detail without
departing from the spirit and scope of the invention. For example, the
various features of embodiment 1 may be used and interchanged with
the features of embodiment 2, and vice-versa. For example, the drying
system of embodiment 2 may be used with the design of embodiment
1, and embodiment 1 may be used to provide primary and standby
cassettes as disclosed with respect io embodiment 2. Additionally, it will
be apparent to those in the art that the filament cassette and loading
system of the present invention may be used to advantage in extrusion
applications other than the building of three-dimensional models by a
fused deposition process. Other changes may be made as well in
keeping with the scope of the invention. As an example, the motor for
driving a roller carried by a filament cassette may be catried by the
cassette rather than mounted on the modeling machine. These and
other changes will be apparent to one skilled in the art.
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CLAIM(S):
1. A filament cassette for supplying spooled filament to an

20

25

30

extrusion apparatus, comprising:

a chamber containing a rotatable spool of coiled filament;

a filament path leading from the chamber to an exit
orifice; and

a means for advancing a filament strand from the spool
along the filament path.

2. The filament cassette of claim 1, wherein the means for
advancing comprises:

a pair of rollers mounted opposite one another along the
filament path so as to grip the filament strand
therebetween.

3. The filament cassette of claim 2, whersin each roller in
said pair of rollers is passive and one roller in said pair is a follower rolier
that is accessible to receive an external drive force.

4. The filtament cassette of claim 3, wherein the follower roller
has a floating axis of rotation in a direction perpendicular o the fitament
path, allowing the follower roller to move away from the filament path in
the absence of an external applied force, thereby relieving pressure on
a filament strand in the filament path.

5. The filament cassette of claim 1, wherein the means for
advancing comprises a knurled roller mounted opposite a wall of the
filament path so as to grip the filament strand therebetween.

6. The filament cassette of claim 5, wherein the knurled roller
is acoessible to receive an external drive force.

7. The filament cassette of claim 1, wherein the means for
advancing comprises a raised contour in a wall of the filament path over
which a strand of filament is positioned, the raised contour being
accessible such that an external propulsion force may be applied fo the
strand of filament.
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8. The filament cassette of claim 7, wherein the raised

contour is defined by the surface of an idler wheel.

9. The filament cassette of claim 1 and further comprising:
a retainer which positions the filament strand in the

filament path blocks air from entering the chamber.

10. The filament cassette of claim 1, wherein the chamber is
air tight.
11. The filament cassette of claim 1, wherein the chamber and

the coiled filament are dried to a water content of less than 700 parts

per million.
12. The fitament cassette of claim 1, and further comprising:
a supply of desiccant inside of the chamber.
13. The filament cassette of claim 1 and further comprising:
an electronically readable and writeable data store
mounted on the cassette so as to be accessible to
an external controller and containing information
about the filament.
14. In a modeling machine that builds three-dimensional

objects by depositing flowable modeling material under the control of a
controller, wherein the modeling material is provided to the machine in
the form of spooled filament and is made flowable when heated in a
liquifier carried by the machine, a filament cassette receiving system
comprising:

a conduit configured to mate with an exit orifice of a
cassette containing spooled filament for receiving
afilament strand from an exit orifice of the cassette
and guiding the filament strand along a filament
path towards the liquifier; and

a drive means responsive to control signals from the
controller for advancing the filament strand through
the conduit.
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15. The cassette receiving system of claim 14, wherein the
drive means comprises a roller pair that engages the filament strand in
the conduit.
16. The cassetie receiving system of claim 14, wherein the
drive means comprises a drive wheel which engages a follower wheel
on the filament cassette.
17. The cassette receiving system of claim 26, and further
comprising:
aregistration means for aligning a filament cassette inthe
loading bay with the conduit and the drive mean.
18. The cassette receiving system of claim 16, and further
comprising:
a drive engagement means responsive to controf signals
for engaging and disengaging the drive means.
19. The filament cassette receiving system of claim 14 and
further comprising:
a latching means for engaging and disengaging the
cassette.
20. The filament cassette receiving system of claim 14 and
further comprising:
a means for creating an active moisture bartier along the
filament path.
21. The extrusion apparatus of claim 14, wherein the conduit
makes an airtight seal with the cassette.
22. A method for loading filament into an extrusion apparatus
of the type having a liquifier to which a strand of filament is advanced
under the control of a controller, the method comprising the steps of:
inserting into a loading bay of the apparatus a cassette
containing a coil of filament wound on a spool, the
cassette having a filament path terminating in an

exit orifice;
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engaging a filament strand in the filament path of the
cassette; and
advancing the filament strand out of the exit orifice of the
cassette and into a conduit of the apparatus which
begins a path towards the liquifier.
23. The method of claim 22 and further comprising the step of:
ceasing advancement of the filament strand before it
reaches the liquifier in response to the controlier
receiving an electrical signal indicating that the
filament strand is detected at a sensing position.
24. The method of claim 22 and further comprising the steps
of:
identifying that the filament coil remaining in the cassette
has reached a predetermined minimum length; and
automatically driving the filament strand back out of the
conduit, in response to the minimum length
identification, so that the cassette can be removed
and replaced.
25. A method forassembling the filament cassette of claim 11,
comprising the steps of:
loading the spool of coiled filament into the chamber;
drying the chamber and the coiled filament to a water
content of less than 700 parts per million; and
sealing the chamber.

26. The method of claim 25, wherein the drying step
comprises placing a supply of desiccant in the chamber.

27. The method of claim 25, wherein the drying step
comprises heating the filament cassette in an oven under vacuum
conditions.

28. The method of claim 25, wherein the filament is formed of

a high-temperature thermoplastic.
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