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Tooth Contact Analysis of Hypoid Gear
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Methods of right angle reduction
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To realize a high performance gear based on designing
the unique tooth form of hypoid gears, it is necessary to
specify the tooth contact by strictly numerically expres-
sing the gear tooth surface derived from the meshing
theory and the tooth surface drawn by the gear-cutting
machine or the cutter, which is used to form the gear.
Based on the numerically expressed tooth surface form
data, we recently developed a program that visualizes
the tooth-contact using a tooth-contact analysis method
based on numerical analysis and using 3D/CAD software.
With this analysis method and program, it is possible to
analyze the mechanism of the gear-cutting machine or
the cutter specifications through a vector analysis met-
hod, and determine the conical axis of the tool in relation
to the cradle axis. In addition, they enable us to numerically
express the pinion tooth surface based on the simultan-
eous contact line between the tool cone and the pinion
tooth surface, and the gear tooth surface based on the
tool cone for gear forming. As we compared the analysis
result with the tooth contact of the real product, it has
been confirmed that the tooth contact analysis program
is valid.
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3D expression of Gleason generator
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Cutter cone expressed by coordinates
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Pinion tooth surface drawn by calculation and 3D/CAD software
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Pinion generated by Gleason generator
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Gear drawn by 3D/CAD software
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Tooth contact mark on tooth surface of gear generated by Gleason generator
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Sketch of tooth contact mark on tooth surface of gear
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Development of Built-in Type Direct Drive Motor
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Built-in type direct drive motor
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In recent years, driving mechanisms of industrial
machinery is shifting to applying direct drive systems.
To respond to these requests, market requires slow-
speed high torque motor, which is called direct drive
motor; “DD motor”of built-in type with liquid cooled
structure. So, we have begun to develop built-in type
DD motor with liquid cooled structure that targets
machine tools market. To meet the requests, the
developed motor has taken various technologies
(Surface Permanent Magnet structure, optimum slot
combination, concentrated winding, stator molding,
etc). We achieved high-torque, low-cogging torque,
low-torque ripple, high-efficiency, and 70deg or less
of temperature rise at rated operation by the above-
mentioned technologies. In this report, we describe
the verified results of our DD motor design and its
prototypes.
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=1 Specifications of DD motor series 2 Characteristics comparison of slot combinations
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Comparison of coil end height between distributed winding and
concentrated winding
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(2 EHE—, FHEX EAR=. HBEAT— 25 ATI TR,
2003, p.44 ~ 55.
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Y —2 L (N'm) 417 883 1226 1717 3188
IR IR K P L2 (N-m) 834 1766 2453 3581 6377
FFAE— AV b (N'm) 883 1777 1668 1962 2943
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F 2 RIBEEO IR (NI OWTIE, TET — F &3R4
DR TORTBHIERENDE TETH %,
3.2 EXFERFDEIM

-2 DENEADALEATHEWVIRI TS %728, b
ERIRBE AL 3R 0 B IR A O S & 320 F, BRI 2o B 4 5
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FINE CYCLO® Hollow Shaft Type
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Low Backlash Planetary Gear Reducer IB Series P100
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Multi - axis Servo Amplifier MD -100 Series
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Flow Simulation of Polymer Melts for Micro-scale Transcription
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Trends for finer transcriptions
by injection molding
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&M REBETIIARMBIEREDELERKIC K 2 FIE
REAPBUR T BB,

SECIPEAEZRVWERBBINICEY, SEEELH
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Nowadays, the micro-scale patterns formed by in-
jection molding become prevalent, and, as a result,
the flow simulation has been playing important role
of prediction for the high qualities of transcription.
Finer transcriptions require more cautious molding
conditions, because of the insufficient transcription
due to the formation of solidification layers on the melt
surface. We have applied the flow simulations based
on the CIP method for the micro-scale transcription.
The effects of mold temperature and polymer velocity
on the cooling of the melt surfaces and growth of the
solidification layers, and, as a result, the filling up
into small concaves were examined. The results of
simulations which indicate high mold temperature and
fast injection velocity are more desirable, coincide
with the known facts in the field of production. In this
paper, the results of the flow simulation and also the
features of CIP method are described.
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Advection of square waves by first upwind method (Computational step 84)
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Lax-Wendroff & & 3 56D (FTHE X T v 7 84)

2
= Advection of square waves by Lax-Wendroff method (Computational step 84)
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3 Advection of square waves by CIP method (Computational step 237)
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=4 KEMFITET IV (E RZREE T BEFHETIV)
Simulation model (Upper:Whole product, Lower:Computational model )
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Density contours
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FHLUTW5B2, BlRIENE -MHE TR LW, ®IZ,
(B2 5 5% H) OFMBE TOF v €7 1 & & Ao HgE L
DA AR 7 IR, [EIXNEEHE A S % 5000, 1000 mm/s
EBE LGB ONWT, BIERZEN TN OWEEHE T 4 ~
AFRDBEELEBEOREAERL TS, Fv T4 EHIH
RS TIE A IRIE & [ CEilRo £ EBIERHIA T 5 4,
SRBEMGE < 124 5 SIRESSWITIK T L TW5, &k, i
R TR 5 2B T B Z O 5 A RS E L A,
Pk 1000mm/s D I5E 13 EEEHNRL < OWRE DR AN & <
KoTHD, 5000mm/s DHFE LD LIMEHAERIEL
TR0 05, £72, BIBALEE ORI X S FHD
ROVHlOESTNZ T 2 BiRRE IZEO» 2 MO Z2h & D &t
EEL o THW5 0D, BlEAERNIHET 2 B2 AT
ETAGIENTIIMHE T 2 f5EER L > TnWE 2 LTk 5,
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WX - G BlEmEEEIC B T 3 BIEREET

" ST Eei )
02 —o—itligF# 5000 mm/s e \O\Z;ﬂ
s F |- -BEGE 1000 mm/s \\z
fo1
B[ LD
{gli 00 L meE 40
R
hY]
H“:—O.l
f
-0.2 —
AT T=0T
W sy
0 100 200 300
g (C)

FrET BESHRMOBIERES

7 Temperature profiles along height of cavity
LI LRSS, SRIYIHRE 2 SiRICRET 5, F/21%

Billg 2 @@ETHIT 5 Z &2, Ml DORERHIZE 5T

H4&METh 5 Z LB EUEMITIC K > TEHE» D 5 iz,

4.3 L£ERNIFOERODEE)

WA OZRROEH #F L W5 &, BMAZERIE L 2R
NBZER, TEEEICX > TRBI XN T, WbWbFr
TAMNELELTNB I Gho7z, B8@)Icmd&iis,
MG 230 LB 2% 4 2 ai g Ic il S hCifih 2 225 (X
FIKETARY) I & > THNZESUIFERIS % 5, RIS D%
KT IEW A0, HNT, R8I L HIZ, BHEN
WISk % E BRI HERICb > THL L EhlL, X5
IZHER L 72 BIIRIC & > T8O 2RO SN BN 2T
W ZEdmhotz,

S EF K

5.1 HilEREELE

KebIcRohskHic, BIRREICE T 5 IKEE M
DEAIZTO—T7 8 Y MERIIT IZH > TRELS B> T
3, ZhBIEERE IS EEDLh AR GEA TN Z
Ltk B, SMO@EHEETIE, 10 [HOBNOFTEUERF X
= MMALATHED 2 68k F 0 K7 — FllNFI» 5 THEAT
W, ZOHHE LTEZ 6 b0, BHERBER KK
FITC, ERETH 27— MUDH B K D FEEER LW &
Thd, &, mdsHEOMMEOBEAREIZBEL T,
FHENEF 237 — MMl & i & 2 FHIZSTIPR T A LERERAS
REF—HL T35,

EEBIED X5 K7 7 v BRI D I IZIRE B R
JEnEi<, ELIZEBOIL —Eah bbb 5156h5,
Z LT, BERAEOIE= 2 — b VRIS & - TRIlgEE D%
L BEAEEICERICBEE L ThWB 2R 6, ULk
CEL G F % & BT D FRBIE D T FEIR I3 2R A
ST, BIEHRE S ERFERHEOWE I E L, AR
RN - BRI LT AL M BEE 52 TWB I LN
SRIOBUEIRITIZ & > THD o7z, &d, 777V FULEIEHR
ROBREVE RS % BULHCE THEl - 72 & O THRAOMIM 2 T
WEIHIOTRTH D, MHEABHOMBREED 2REV
Abs

(a) TllEHH kBT

(b) IS LI oHer=

BENT bV

Velocity vectors

X8

52 #ilg7O0—7 0O MR

K6k LURE6MIZ/RL &SI, BHEALDEEDE
WiZkoT7u—7a Y F OFRBELE > THWBHEHE LT
3, EMEETIBBEORTREDERSEL OGNS, T
Gbb, TN OWEAZEME ORMERAEWT &
75, BIEEREREN K OIKT L ORERBIREL &5,
L7=>C, &RNCHT 2 £REEMdEod & h 328, Eimo
OB IR TTOBE AR > T3, ZhiZkD, 7u—7u
Y MEZBEIRE IR E 5 B, ), TSR E VWA
i3, SRE T 2 EERET Y & RN ERIC R h b 2 &
76, BEHOFTENRDWE N TIIHERIOEN T2 Y b
FEREE S, X602, BIEALEE 5000mm/s DHFAIZT
vy MERS ETCIEMFRIC A > T AHI S, BilgE &8
DRI E T TENRD B Z LI12k B,

6 LIV

(1) HRBHEOIEEFE RS % STNEROBRE & &9
T CIP % HIV THUERAT U 726551, B4 & i
HAHOBRIZOWTHEBAR L BT 2R+ H 2 &
BTE,

(2) IV OTRI 3 EROBEBR L&D LS I2FER
ANEEARBROMINBE LT, #3321 —vavo
RN, 5HETETREL LD THHA D,

(3) HEHICH N7z CIP HDORR AW » Ui g & U
Tid, K- [ - WO LM, HERO S 55N, B
R, WEHBHREENH T o, SHRITMMSEADR
B L 720y,

R TERBRBELRR S LOERSHEY — 74—V 7

MEAF OB IICE#HOREEET B,

(BEH)

1) RHIE HEREZ, BHBR. E£EHR. vol.55, no.6, 2003.

(2) BXRBMMNIZR REER-75XF v Ui, 3071, 2004.

3) XEF AiEEIT, BB —. CIP A-BEFhoFHETEBIYILF
R — IV, FFALERR, 2003.
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Pattern Transferability Evaluation by Imprint and AMOTEC
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127> KU AMOTEC (C & 2 #ilgs 55T

o =T R = T A

Yuji SATO Masahiro ABE

e

Takanori KATOH

HiHERSRZIR (Line & Space (%), Dot (%))

Examples of transcription by micro/nano-molding (Right Line & Space, Left Dot)

TI2RF v LB T 2HHESEEOEREHNEL T,
SRR ICxEEA X & &M U ZFERRF (AMOTEC) A
RERHINTVS, LHL, ZOHRBEEOHRREL
B3HAXEIVOF—HFTH/ F—EDERICILR
RH B,

ZCLT, BSEHEhTWVWA AT 2 MO
BMERET AN, 12TV MEBEREL, B
HHICEDLIGA7OEXTHRELAEZI 7O YA XD
ZACNERWT, BMEGEEOXRRHERFRE LR
BELE, TORR, 127U ML, OREE
HEEMICBENTWS Z EPBREICE >z, &5,
127V PERFICETBIHIROZ 2 NEHWEF/
Y14 ZDEEFEM % 1T D &, Line & Space ISR TE v
F100nm, 7 ANXY M6 DEHEEEERETE 1=

S%kiE, 1>TUCPMDRET, Y1744 LRH
EDEREE->TWVWARE /BE7OEXDEMRIEER
B3NL, BEiRAZEAL, £EREHEHEL TV,

1 Fzah2

The new molding technology called AMOTEC utilizes
CO: for injection molding in order to achieve fine tran-
scription on plastics. However, since the minimum size
of the pattern AMOTEC can replicate is in microns,
there is a limit in adopting this technology to nano-
level applications. Therefore we tried to search for
alternative approaches and found the press-based
imprint technology can give better transcription than
other methods. We have obtained the results through
the comparative transcription studies, using the
imprint system newly developed and the stampers
with micro-scale patterns fabricated by synchrotron-
radiation-based LIGA technology. In addition, com-
bining a commercially available stamper carrying
nano-scale patterns with our imprint system, we could
realize pattern transfers of line and space with 100nm-
picth and aspect ratio 6. Future developments will
be directed to the productivity enhancement through
the application of local heating technology to shorten
the heat and cool processing time, which so far has
been the principal cause of the cycle elongation in the
imprint technology.

2 HHEFEICHT5HBHEGEE

AR, 75 AF v VBIEERTE, LR IR MM LD
FURICK U TR & i U, B Lot Sh
TW3, BIEDT S 2F v 2 RIEOEFT IS HRETH 5
B, EEGMERICIERA Y S B, ZhuSk LSk, KB
2 % a[EAF| & U CIER X & 5 AMOTEC & 2 7 Y i T,
R EAEBR LTS, 270, BERETHRIZEED 2
FASEY, BT 3o a YA IADOREH R & o 72 R E
ERHLTEYD, —DORFFHELELT, WSHEHIh W5
A V7Y v M ERORRMERRE LT B,

ATIE, 79 2F v 7 BRIEOWMMIREIZ 36 5 kA
LEFBET AL, HMBREEXUA VT vt O R
DIRR % Ry, S%OBRA % AT 5,

HHHBRIEOEA, AMOTECY 27 45 BT 2 Z 210k >
T, WEMA LA EEE 25, B 112, AMOTEC 14
HIEHEDRERR 7R 9o

AMOTEC 1236\ T, WEEH 2 Ou¥FIRIZ kD, /&
KSR T & 4 5 2B RER T AT TH 5%, ZhE
TOMBRERITHOT, FEEm Le 2+ v REER O
RICKDEEMHEOM EAERTETWS, 212, v
F o4 VHilEOREGIERT, T2 ¥ T4 Ve, JIS
K6900 1 TEFZEINTWB ESIZ, 77 2F v oK
BIlBOWTREELRTVIMEARARD—DT, WHlEh7=¢h
N & VA RIS 28 3 U Ty LT B NS, SRNRIE T
WCHLUTELL 2 2% V@R L, wattisoamESs

* FARTANER
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SR A PR S VEH ARG
7 R ?f?ﬁ = (I
CO. B
co, SHHIT R
L
m1 AMOTEC ERSHAT AN

System configuration of AMOTEC injection molding machine

8
ot

SR TR AR & BTSSRt

cHE A2 TUL B LU AMOTEC IC & % tiflEs B4 5F M

B i
Y

OARMTRBZ (T 2 b ¥ —Z) 1EHD
AMOTEC

Bils  ABS

L — RS & 2 RIED 3 RITMHTHIER
SHIE AMOTEC
YL R I A YIRS RE Y2 R T4 VANHL Ty Rl TR RS

=1 Specifications of injection molding machine and molding conditions
LA RS HHH F(ERRRES T
Bk SE75DU
SHEEEE Y 2 -1 | C160
A2 2 —1% $22 AMOTEC 22 V) 2—
I AN R&HAZ | R10 - 43
I E ) 274.0MPa
2800 kgf/cm?
SR 190 cm’/s
S5t g 400 mm/s
BOGHERERIHAR | X 7Y 2 v 4 fii#5
AMOTEC AMOTEC $Z2 2 V) 2 —, # Aftia%E
=— FJUFpBREYIH]H
iii-cube $fEI0I s
SK il
7 Z b GAF
Tt PC 7 MUK AD5503 S0 130C
Tt 300°C AMOTEC # Z )]
Lifaipuics 200 mm/s N 6MPa
H4 o 40s Fy T4 4MPa
4 AR A 28 X 55 X 0.8 mm

7TV R T A BIERHR

Effect of weld line prevention

X2

1 B2
250 V 5 20 B1 f
,] f==--11 | 250 Eﬂ/ @

1000

Z OEITTEAR TSI

A2 Al//C1 C2
=
v HfEDHiA

20 m | HERAADRE GH) S rom  ATOW (00 (TSR
| [0 AMOTEC
12 — 12
10 e 10 — —
E 8 — E 8
= =
xu 6 1 xu 6
s e
w4 o4
- -4
: j o=,
0 ! 0 ’7 —1 L 1
A2 B2 Cai AL B1#% C1ik

X3

SEEIZMAETRETBMOZ L TH B, AMOTEC ¥ 27
LEMHTAZEIZEST, ZOY 2L FI74 VOREE
WT&E5, M27Tid, RKMEWDOY 2L F 74 VAT
% AMOTEC ¥ 27 2 O%RE LT, EBIZHEA, TEIC
L — EAMRENIC & 5 FiE 3 KOTITAS IR AR L Th 5.
EHICHEEL XL TOREME & LT, AMOTEC ¥ X7
L3I X B IR O G EFEIIZDWT, KITRT,
Wik 2APAFE L7 SR ¥ 7 v b v V)i AURORA -2S® %
ML, LIGA 70t A CBUYEL 2= v 7y L8252 ST
I & 170, b — BRI & 2GS e %17 - 72,
£ 112, SRR G K OCRESRFE£7R 4. R31Z, M
LAR RS 5/ VN IRCANE 10 @it sl (23 7S e Wi K ADY T i)

12TV Mg

Imprint machine

TFHRES ICH T D REHEOHE
Influence of flow direction on transcription
height for cross pattern

BRIETIE, WEIEA 5 um EFROEA, £ dMEAWmATENIC
MEOYE, BER S AMEL &S EAIZH 54, AMOTEC
VAT LAEWEHT 5 EREARNBLT 20T, ZOfEmIE
NEL BB,

3 A>TV BMIHT 3RS

ATV FTIR, AZVSOREERIZHSR & % 5K
DH 7 AGHBELOELS 55 L IREHEL, Z0A4
VISERBIC SV 2T B Z LIk 5T, BlgamnaR X ¢
TAZ VISR EEG Lz, 208, —EOMARER & 7
VANERBL TS, B4 ICEANRE  caild s, L
NoT, BMEMMHERIIEIENS —FH, 4 2L 84 AnREV
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127V MBS U RS

RN - HE A7V MH LU AMOTEC (2 & 2 #ifiEs B4 1

%2 Specifications of imprint machine and molding conditions
ERIR D92 SEE
. 3 PC7V— 1t #%uY PC1600 t = 0.5mm
LI EREETL 2K | B R
PMMA 7L — I t = 0.3mm
o 4B PC 185~ 215C
— WRE _
B E 5 B PMMA 125 ~175C
Wﬁ%;%d\‘vﬁmﬂi 0.1 #m Pan—— PC60C i
KTV AN 1960N PMMA 50C
PATE + 0.1mrad YA oL 180s
HEE + 1pm FRIZEKE & | 20 X 20mm
30 ¢m pitch 20 ym pitch 10 ym pitch ¢ 100 xm ¢ 50 um ¢ 10 m ¢5pum
2 i I e
O (oo
i i ESOLLC)
g i B3 St
M M
0 0
T T
E E
C C
4 1
v Z
7
7 )
v M
8 b
ms L&S FAR BT IRITELE (PC #88) m7 Dot TR EEIRILELE: (PC #3R)
Comparison of transcription for L&S patterns (PC resin) Comparison of transcription for Dot patterns (PC resin)
12 12
10 10 ™ [
z E
i 8 Lo g o = 8 Ul g s
6 CJAMOTEC o6 CJAMOTEC
e jud
b 4 R APAY By R
- Ly
2
0 0 P
10 #m 20 pm 30 pm ¢5pum ¢ 10 ym ¢ 50 pm ¢ 100 pm
pitch pitch pitch
me L&S TR BE& & L& (PC #R8) g Dot BmEEE L8 (PC #ihR)
Comparison of transcription height for L&S patterns (PC resin) Comparison of transcription height for Dot patterns (PC resin)
EWVWS R EFD, F7-, PCHIRIZEH )5 L&S DIsEE & % L — VM

EEEHMEFICREL 724 7Y v MEONMEAR 412, X
B4 VT v IR KU FR 2 1T,
B D 24 278D M7 (1) Line & Space (L&S) #5 & U (2)
Dot IBIRD 2 FMHD /S 2 — I LT, (1) $HHRE, (2) 4
HEIE+ AMOTEC ¥ 27 45 LU0 3)4 v 7Y v Mk 3
WERR A L — IS CHlE L, KM AT 572, 4 v
TV rOE, BIRZEIZA £ V5% 10mm 2P B L
TR L 7=,
3.1 L&SEEMHE

KV H =K x— MPOBIHEDOSA, MO HRIE T
30um by FTE R EBAMEIZH L1y, AMOTEC #% &
T5Z LIk TIREMNIZR L322, 20um Ey FI2D0
TIE, BB TEAV, ZHUFLT, 47UV Mg
10um ¥y F, 54 VIES5um F CREMETE TS, Z
DEFIRIL A L — B EE THREE U TILBGETHIN L 72 55 %,
® 557,

TUELZZERE, R6IIRT. Th&DROZ &R
7z,
(1) — MR EHHRETIZ30mYE vy FTH-T 8, EE
mMEIZ60%EETH S,
(2) AMOTEC OffiHIZ&k 5T, 30um ¥ v FIFEEGE X
100 % 2 FEBITE 5,
B) A VTV EDOEA, 10um Yy FTHLEHEESX 100 %
EERBETE 5,
3.2 Dot B4 IS
R 7 X UR 812, PC#HEIZH1T 5 Dot IR TOHHE
DOBAER AR T, Dot BIROWA, A VTV YV b TIET X
NI M2, 5 um DML N8 -V DOEE AL £ D,
B ERER OB PEAY & D WAREIZ 75 5 7=,
WIZ, Dot TEIRIZH I 2B LR E E LD 5,
(1) SEEHEOHHBIETIET ZAXT 0.1, $100umTH-
T3, 2ROBEFTEATIEA,
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RN - HE A7V MH LU AMOTEC (2 & 2 #ifiEs B4 1

BRI 200°C

BRIFE 210°C

10 10
® 71 210s
~ 8 ~ 8 .
i . N i W 7z 20s
JUy] — o 6 A 7L % 30s
i 12
@ I S— @ 4
= f**$7—7770 =
2 2
0 : : : : : 0 ‘ : : ‘ : - EEMER IR RN
1.00 1.25 150 1.75 2.00 2.25 2.50 1.00 1.25 150 1.75 2.00 225 250 B9 -

7'V 277 (MPa)

7'V 277 (MPa)

of transcription height

F /A X L&S M Si 2 & Vo SEREAMBLEHTT (PMMA 15 )

SEM B RICHAL 5 BEREREAM

P S
Eatko 1y | 7V AR 10s
Ea7

b — & 195C
7V 2J3 700N

TRUIIE 700N

PR AL A L
O ke
O 7V 21 60s
O W& 225°C
H 7'V 27J12500N
W ARG 1960N

W R (TS BRI £ B

0
l 1000 250

4
E_j —
lh
@
2+
1F
200 160 130

100188 pichiom) B10 40y 12xmE

7 ANZNE (& 300nm) Nano-order-size

transcription by imprint

(2) AMOTECOiHIZE>T, 7ZXZ M 0.2, $50um
F TR #HEBTE 5,

@) ATV IDFA, TAXRY M2, $5um TH5E

B AFETE 5,
33 127U bOEFEt&KERE

ATV MRIBRBIED # 5 2R & 0 E IR T
FET MM ATHH LT, 24 Y SBRICEIE A 2K &
BRI HETH S, 2D enb, BERMITIE, MR
ROV & S CHBEE R T 2R FAEEE &> TL 5,
ZZTE, BIBRMAELE LT Q) RERE, 2) 7LV A NBE LT
(3) 7L B A HL) L THT - 2855I %2, R9ITRT,
B IX, PC TEA 5um DAL D Dot JEIKIZ DWW THEE FE
i 47 - 720 5SS 2 RIBRGOHEIZONT, K
DZ LKL 72,

(1) BIFIREIZ, oML IEMHEICRkE S BET 5,
(2) BB MRS W A REL, M6

RS RO AEEMERE LT 5,
34 F/HYAXEHE
INETOIZ T VY4 O Ti & EEMEAER TH
5407V MRIBIZOWT, /¥ A XITRHLT, EDL
N E TEEN TR -l A 1T 5 720 B10ISRT &5
L&S IO Y v F4 4 XH 1000nm 7> 5 100nm, 7 X%
FEHET 125 6 &I I avH 4 X0 L R
KRB EE A BN ST L 72, B 101SRL T
» BUEEFHIEI, BEHO 2 &2 Vo SEROEEGREEE 2 4
VMU OBIREDOFRAFIRREE, FRAMIC 5 B CRULETHT L 7=
WERTH 5,

T H A XDOEEE, BIROBESREL T, HROR
IREARRESTE X T L 0, RIESREE T 0! _i6%

Gl # IEHEICIT S 2EBTE LD 572, ZORWD % »
T, HENE A AT B 2 2 IZ K o TG ORI A R & 75
D, 100nm ¥ v F, 7AXRT M6 F TOIRE X /- RGE
BEHi§ 5 Z LA TE, I ayH 4 TDOGAIL, Bilge
28 v 7SOWGEZTRE A ZAE L, TBRY 4 XhkE
WZ EID k> THIlRME R S h, BERIAEZERMAL LT
LRGN KD S RELNTHMNT 22 L ETEETH B
EEZOND, L2LEBSLT A4 ZOYE, A& VI
aAVEITHY, BHEL X VG BENRELTWSE T
b HFAREHCI L TWB EEZ HEh3,

4 LIV

1 ATV Y OBEERNIERTED, 7/ 942
DL&S T, ¥y F100nm, 7 Z-XZ b6 DIEEHH
HETH 5,

2) F 7V A ZOWEOHE, FEIREEMER L THEAT
EDEOICT 51013, BRI R RTH B,

() GHIZA T v MCERAEEFL, ¥4 o4
4 LRWLORKTH %, Filit / B 7 v & 2 %kl
L, EERIEREL WL,

(BE )

(1) FiaHEAE RBH X & FAL 7= AMOTEC MR & 5 HEMRRZIC
K AWMEE. 7S XF v 7T —, 49(2), 2003, p.101.

2 WAE RBAHXEZFALZHLVEENIER. 77 XFy 71—
<, 47(6), 2001, p.136.

(3) SREF, Mnpkkgst. > > o0 O KSR EFIA L %M. Proc.
of the 2nd Symposium on Accelerator and Related Technology for
Application, Tokyo, 1999.

FRE#MIEIR No.168 2008

Molding condition dependency

26



27

) I 43 9 7 Xl

B R AR % A U - il EsE R

L7z ol R B A

Micro/nano Molding Method by Using LLocal Heating System

®F] ¥ 5 BT

Masahiro ABE

Injection molding machine

: .Y/

[ Jai,

Micro/nano |15
structures

RFTER

Local heating system

Local heating system

TIRAF v YBREMIATICE T 32 HllEE=—XIC
MIEL T, [BATRHE| OEMHREEIT> . UHHIR
ETIEAMRRALE, HROLEBVLAEZFRETIHAL
IRAY, BT — > OWEEICHEEZREL, 77
T4 TICRAEITICETCHEHEMLESIEIHEMTH
%, MAT, BBETHE— b~ XEHIMET B EHTH
BETCHBEND, YA I EA LETHL, £EHED
HmEERSZZENKTES,

FEFTOEZRZHAVTRHELEZENT—BEE—4
B, A7)0 PEBS LUSHHBTICERAL, %
hZhBERBREIT o7 TORR, BATUD M
BICBTF2HI 7V F14 LEHRRD 1/10 ICFEMT 5
EWCHRINU 7o SHHERTEICER L TRS N ZREAD
SHAKER 25 1E, BERBICENTHEES &4 10 &I
MELTHY, BRREEOENESEENICHS » &
o7,

1 Fzahx

T'5ZAFy VEEMIT.OR»T, N, Biahs L O
N4 FBE L EOSBIC BT, SOt kO
A7 AR MEBEATE D, Zh oo =— X ITHB
LT, ZMEERIEHMOMEREN TR TS,

v A4 oua/F ) AT —LOWMlEI N g — V& O EEC
B4 3RS L BINTWBE AL T, FHRFEIZIWT
i3, PSS B B AR TE- SRR IS B A% VB
DRIz &L - T, WIEARREELOK FARAE TS Z &
BaIhTnb, 5%, &5ICIdE6T 5 HEOERIZG

To answer the needs concerning micro/nano molding
in the field of polymer processing, we have developed
a technology for 'Local Heating System'. Local heating
system our company proposes differs from the conventional
method where the temperature of entire metal mold is
raised. Our system improves the transferability by placing
the heat source extremely close to the fine pattern and
actively regulating the temperature. Since it is capable
of minimizing the heat mass to be thermally regulated,
our system shortens the cycle time and improves pro-
ductivity. A high power-density heater fabricated by a
semiconductor manufacturing process was applied to a
thermal imprinting device, as well as an injection molding
machine, and the molding tests were done respectively.
As a result, in a thermal imprinting device the system
succeeded in shortening the cycle time to 1/10 with
regard to the conventional system. From the measurement
results of the molded samples by an injection molding
with local heating system, transcription height has been
found out to be 10 times higher than the conventional
pattern transfer.

A7C, BHTIEIMMEES ) -2 g VERRL, HREET
> T3,

AT, BB RIZICBT 2 RO —FilE LTI RAr
WRFH | IZBES B BN R O M A T 5.

2 H®

B XYy 77w L v RITRE IR BRI
FOBESIZOWTL, BEREIIYA o9/ F A —LD
MG A Tl b, WIS 2 SRt % X %
L, R E ST 2 BB Tbh T b, —fik
Mz, BTy 2 O 20BN TIC W Tid, SRRE

* FTAER
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(a) T T Resist patterning

(b) = = Etching & resist removal g) s Si0: deposition

(d) T Resist patterning i) mT===mr SiO: etching

(
(
(¢) E T Ni deposition (h) T Resist patterning
(
(

(e) PS5 T Ni etching j) EEssmssmesn T Resist removal
=1 Y4 /0e—208E7O€X

Process flow of micro heater fabrication

X - #WE BFTEREARNEER L - BlsE R

) ¢ ¢

Mmmwéz/

Local heating system

4

Resin sheet

Z—

—

Upper core
Lower core

| — Upper core

t-Thermal insulator

Stamper

S—— Lower core

L

‘ Stamper

Resin sheet

HBREBOBE

Fundamental configuration of test device

X2

LS, SRINERICHA T 2 SRS OWEh i % 12 X
¥5 2L THEEAMHRT 2 FESHNEhS, LirL, 81
WEDG| FWFIZ k- T, AEMICERT 294 7024 408
FBAL, W32 OBKEBISERIIOERS,

2 TR TR, MK ERRT 2RO AL 3R
50, EEPEEMER L A2 OMH S 4 — v DD A& IR
L, BEMAEHERL AR A 2L A A&FEHET ST LI
koT, AEtembxesZ e EHNE L,

SRR, I AME - WHANEFEL, Th
THORFRICK > THBOAFEIZRE S EHBL T3, Al
T, NS B Z &, FANTH 5 Z &k KORSFAE B
BEGTHHILHh o, EHMBEICL2ERe -2 &AL
THIREIT - 720 FEBRITIE, FEHREGE T 0 v 2 & HoTE
fEL @Sy — B — 2 &L, 42027 — LD
X2 — B BEENEOHI %17 - 72,
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Images of stamper and molded sample profile
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Temporal profile of stamper temperature, core temperature and molding force
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Observation results of molded samples
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(BEXH)

(1) FREF, inpEfeds. o> 0O RS EFIAL A HHEMI. Proc.
of the 2nd Symposium on Accelerator and Related Technology for
Application, Tokyo,1999.
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Simulation of three-points bending at 293K
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We developed a renormalized molecular dynamics (RMD)
method that enables computer experiment of multi-physics
and multi-scale phenomena. The molecular dynamics
(MD) method, which uses the ability of a computer to
calculate atomic-scale phenomena, is suitable for multi-
physics issues. For macro-scale phenomena, we adopted
the renormalization group theory for MD to substantially
reduce the calculation loads. The fixed point Hamilto-
nians for RMD are derived directly from the partition fun-
ction of MD through a coarse graining procedure and
then re-scaling. The RMD method enables extensive
simulations from atomic-scale calculation to macro-scale
one, which was impossible with the conventiona MD
method.
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Advantages of New Blade Section Propeller
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B NBS propeller
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NBS (New Blade Section) propeller, developed by
Sumitomo Heavy Industries Marine & Engineering
Co.,Ltd. is not only high propulsive performance
propeller but also compact propeller. The diameter
of the NBS propeller is approximately 5% smaller,
and the weight is approximately 20% smaller, than
conventional propellers that are designed under the
same conditions. Advantages of NBS propeller are;1)
Reduction of fuel oil consumption and CO: emission
in the navigation, 2) Reduction of hull vibration, 3)
Increase of design flexibility and the value of the
vessel and 4) Contribution to the cost and material
resources saving. The high reliability of the NBS pr-
opeller has been proven through its installation in
more than 200 vessels since 1999.
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= Major specifications of typical NBS propeller

Blade section NBS Conventional
Diameter(m) 6.8 7.2
Pitch ratio(0.7R) 0.74 0.66
Expanded area ratio 0.43 0.47
Number of blades 4 4
Weight(%) 79 100
115%
110%& NBS QPC
105%¢ NBS 7,
QPC [ ] -
100 % / —
95%| Q-7
o
90%L _ - -~
r [5% cut]
85% I
90% 95% 100 % 105%

Diameter / optimum diameter by chart
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Relationship between propeller diameter and QPC etec.
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Improvement in QPC by NBS propeller
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Comparison of sea trial results (PANAMAX BC)
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