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THEFAER  HAEsE
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. CUDA V9.0
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Ak Darknet
2. 1. YOLO ZALV=FE

YOLO X, U T AZA DDERIS AT A THY |
Darknet? R Keras/TensorFlow, PyTorch 72 &4 % 73
FA—TT—= T =T — ETHEESRED
DOPRPESIL TN D,

AWFZE Tl Darknet % github HA R 9754 7
m— FLTHEICHIM L7z, Darknet ZHWTHE %
1270, UFoavy Nicky y—2& 4y rn—
FL, ALz,

$ git clone https://github. com/pjreddie/dark ¥
net. git

$ cd darknet

$ make

GPU <° cuDNN Z |l L THFE 2 @b 35720, %
Tk x 7B 2 VB CEX 5 K 52T 5728, Makefile
/8T A—& (% GPU = 1, CUDNN = 1, OPENCV = 1
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datasets. data
train. txt
test. txt
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datasets. data TiX, 0BT 507 TV, train. txt
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$ . /darknet detector train datasets.data ¥
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774/V75§1/|555iéﬂ50 T, FEEHOET LT
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$ . /darknet detector test datasets.data ¥
yolov3-voc. cfg yolov3—-voc_40000. weights ¥
img. jpg
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Prototyping of weather condition judgment program using deep learning
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Development of automatic stop function of “IJODESU” using inexpensive ranging sensor
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YOLO |2 & 5 g8k R OB %X 1 017, FE
BRIZE DRy MIBEEH LI AT TY TIVHA LT
NCUHEDFEHN TE D Z & MR TE T,
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10 YOO 2 & BEHREREEER

2. 5. FARREOHEE
2. 5. 1. BEETHEAORY FORE

BNAMERIEIZ I\ T ONSS SZABHESCLRF 702 & D& Fli 2
VYRR U BRE T AT B 720, BAETTRE
iRy NERWEL, BASETRMEA 2Ry Fo
NEZK 1 1177,

ZouRy MIFRK S 04 ICRIE L7 Vi
MaRy ho/ggEln L | i) e BN RER
TOE—ZEREETA B LT, g4 300 (mm] 7>
5 150[mm], =Ry hotE (L RE) % 490 [mm]
M6 365[mm I/ VR L, vy FEEE 21 kgl 6
11 [kgliz/ VB 2 > 723%5H & Lz, Ry o
2 2177,

2. 5. 2. Al FBHEHERTLOEE

oy MIEHE Lo AT OB S YOLO (2481
WAL CTE DT 5720, GPU $AHGHRIA A2
& NVIDIA Jetson AGX Xavier BAFEH ¥~ b L. =
TJXET ] ERES) LIEE S AT Intel Realsense D4
351 (LU, REA AT LIES) THEKSLD AL
RIS AT A BUE LT,

T ETIZIL NVIDIA #E0 Bl &5 JetPack
ZA A =L LT Ubuntu 18.04 ~_X— 2D 0S ZBHE
X, CUDA. cuDNN, TensorRT, OpenCV 7 & AT BHEL D
VIR TRRTA N A N— LT, 72U
SB 55t LT-IRE N A Z 2 WEB /1 A 7 025 DOt % Al
kRN T & AR E LTz,

®11 BEETHEROKRY OSSR

F2 BEETHERARRY Mk

BRIMNE 1423 X W365 X H480 [mm]
H OE 11[ke]
HEHE Y GNSS Zf5#%. LRF, 1 A Z

3 (B 2 7 ERE g
Hifif %75 1 S/ pEEhilim)
BiHHIE S ¢ 150 [mm]

Ry EEF | 6S 27 Y EIENEEM NPH5-12 (B

HAy T — J£ 12[V], & 5[Ah]) % 2 {#E5
Y B AER

TIULR TF-M30-24-3500-G15L.

T—4% (21#) | TF-M30-24-3500-G15R
¥yl 15:1

;%yh74A D 7L TF-2MD3-R6

\ 4

Jetson Xavier

12 YOLO COE{ERHEER

oRy Mo/ P T 28# U CGRisER LT 7
BEFER L 2107 T, rARy MEETSERRLH R
7 TR L2 % YOLO-v2 tiny 7 /L CRldk S+
el A K50 7 L—L/BOEA ' — R T 7L
5 A NZEHGN O NI % BT X 12, 41
T B ET &V, YOLO-v3 TORGRIERCBIEE
W DFET — B 5 ffio 1B AT O TETH D,

2. 5. 3. YIal—LavEBEOEE

2. 2. 3. BTHRR/=X 51T, EBAHDDIROHIX
YERRIZIL gmapping D72/ 3T A — X RENMEAT
HDHN, BATIEER Y NEEROIRE R ERREED
A AN RNEETHD, T2 T, YIalb—rarzk
EH L., Blile /T A—2EERDD, KETIL, =
Ry hOETAERE BHEEETY I 2 b— 3 VERER
DREFNZ DN TR D,

V2 2 L—H|Z1X Gazebo Z{FEH L7=, Gazebo I,
2Ry hOEENR S THAN—F ¥ L7 ZIRILZEM T
RBSCENE/R MR CTE DA —T 2 ) —AD =R
VIal—HThbH, £z, RS OF—H Al —
VT D RViz AL, LRF OF —# 72 K ROS ED
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K13 YIal—Yarv@EoRy cETIL

K14 ARy FETILONES

K15 X :#BELEVIalL—YaviaE
£ e L=t R DR R

T ke ZIROuZER] BRI LT,

M1 3ICHBETY I 2 b—ya VB LT-
Ay NOEFTLETRT, 2Ry hOET/LIL, K30
Ry b ERERIC, BREE—F OO 2 i,
HKZ X2 HF v AKX, LRF 15725 ilinrashEkgh
L L7z, vy hOfEEIL, afy FOFR 7 7 AV
T& 5 URDF (Unified Robot Description Format) &
FEEN D XML 7 4 —-~ > MM LY gk L7z, URDF (21X
L PO AR M PR O BR N T A —Z o 1B
TR NEOBJFNRTA—FERETHT & T,
Vialb—va VRE ETHEEORAR Yy bOBHEET
OB EE SR CE 5101,

Fo. X114, 150X I12uRy hOIMERH
BOBEL WS T JFHOEFEYIL, 4% D=7t CAD D
A a5 —4H (STL) 735 RViz <2 Gazebo DH[FIZF
REET, K1 50X 51T, Ay MK D HIXER
ROFANAER LI 2 Lice Ry s AAEST
U alb—va VARRRERREAER LT, 4% 2.
2. 3. BTHRNLMT DX ) MK DOE &S ET

B2 AERR LT2> S 2 L—3 9 VBB FC gmapping
DINT A =X DFEE [T > TN TETH D,

3. #&

AAEFEIT LRF IS X D B ONEHEE S AT DS L,
ZDOVAT LEER Ll e Ry B TR
DEREFEHIBIERL & EITER AT o 7o, ZOREFR. BN
DBERLHL 2 & DFEEY) % LRF TA X ¥ o L= BREEHI
ZVERK L. LRF CERIEHMMNEAX vy T —H %~ v T
VI LRV e ARy O RAGEITTE D
T EEER L, 2. BANTLRF ERA — A R A
h U OHCEREMRX ZER LR, REMXIZER
NAELDZ ERGhoTe, ZHUIBNICHE~ESTlX
HEGOWE DL LRF O ) 4 ADOEBN KX | BHMWE
Ll lEBExbhd, 5% vYIalb—vark
T gmapping D37 A —H OFHFERL, GPS, IMU &
L DHEETT, BARODI2NEREEHI DIERK %
HiEd,

H OALEHEE % GNSS SZEH D FBR T, 1
JA¥ & 2 ARt GNSS Z (5%l TA—T v A
A BRBEC RTK AL FEBR ATV, HINDKERE . #IH LR
O Fix FHGEMEICOWCHR L7e, = ORER. 2 At
)i GNSS 22 (5% CIIMIH LI K OV Fix RREMEN S X
B ENTIoT,

bz, BAGE TR v MRk HEERE 2 N4
% B CORE R L WA > AT A YOLO %
WTACWEZE ) TIVA A L TRETHZ ENTE =,
AAEFERST- A 2RI L CL 4 1% GNSS & LRF &4
HAboHETz ROS 12K D HONLEHEE > AT LA KDY AL
I L DGR OBIR 21TV, BN CTHBEITOE
AT T TFETH D,
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IRMEPIER 22 D =R TR TTIZ B9 D AR FEBR 3
Research and development on 3-D structure restoration of interior narrow spaces

BANBAFEEEPE - TR SoRfEs] (UmEsE RS

FAFRIS BN S & o & —Htom L AR > MR

ZIEE K

ARFFECIE, BIRNEEA AT IV L—F % FIH L, P Zemig & o =k tic
BV 7o iR — & BUSHE R BIR T 5, AT, HIREED A ZEilg % AV, i TigEo
Visual-SLAM (2 & BDIREHEE, AT ANTINREIC X DIREHEE 2k, BoN 5 sy —4 &
ORI O TRBERERE 7 bl il U 7=, £/, b—FRMldERZ v, 2 Vil —21ck
T D oMK FERE T 0B M OGN T SR I L7z,

Key words: i, IR, 7 A7, IV, L—&, =WkJo, #d, o

1. %5

1 FERR T L RN I i S TR0 b o VDt
DA T T DOEFUCH R, A 7 T R O
AFEROBINN A 2 Toxtins, REMZRRE E 7o T
%, BUE 340 T ANDOHREFBF O > H4# 1 OFMIC
110 73 ADBERTIY 05, A v 7 T SBROBZREH
BLERDFRE & 72> TN D, F7z, &6 - BT LEEH
DA (7.6 JEM : 2 0 1 54EFE) 2 ITfE,

FRHRERE HITITTPEURRICENT . HEEAE I o BB
N LTV, ZoORBEX. BNOA 7 T 5REE

(EREFEF)IZBWTHRICLHEE RV 22H 5,
AWFFERRFE T, ek, BRI ITHE> TV
RfgREaRy FeYay EAeE, /MNMIOE R
B RIS DA T T AR E L, MR
HNERZERE O SR O ERALZ X D Z & THRREE DD
I HEGTH L2 AET 5,

I THEET DT — 1T, 3D E EDEAE, HDHW
. EAEVIEAIC Z OFE TSR AR - B =
Z Y 7T D 2 ENTE, EROIMERA DOHiPH
FALEIEDHZENTES,

ARHFZERISEIT, HIREED A T X HEEM DRE
HEER R U L—F I L DRERHIEAT O,

2. EER

2. 1. XFHEBEAAS

2. 1. 1. EHFAA=a1—FILAFY FT—DI2&D
REHTE

2. 1. 1. 1. BEEERUERER

A AT & HWT ZResE 25T 256, i)
O B A G DR GRS LB L 72 %, GREE 2 EHI
THEE, AT LA N ATRLIDAR PMEH SN D Z &M
2N, AEIOME CIIRET 2 E L T\ D7,
N RTREZR R B A F % O CHRE 2 5H3 5 4%
ERD D, EOH, BrAFHF=a—TF )V Fy N T—
7 (LLF, CW £E9) ZROVTHIRD A ZIC X 5H

B OIREZHET D F1LETH D Deeper Depth
Prediction with Fully Convolutional Residual
Networks® (LR FCRN) K& Y Monodepth2®) & 3245 |
PEREIZ DWW TR L7z, BAFSEREEIEFR 1 0@ b,
WFHAR T A T OFHIICHOWTIE, B & 3[lem] AT
FEARET 1 v 7 2 GEEH G ORI b D Z X5
CATF, WL E95) E LTHW:, E£7o, RIMEAT
LA AT (AT 048, Real Sense D435) ZE
EE U TRHMEFERR AT o 7o, EROHET 2K 11T,

2. 1. 1. 2. FE#TEOIHE

W6 X D3 X H24[em] D W#E % 50[em] K OV 75[cm] |
100 [em] @ 3 DPNIZ IS CHREEHEE 217\ N BEAEZ 5
L7z REHEE OFE R 23R 2 1877, 7238, Monodepth2
WZDW TR BV IREEO BALNE D HAL T2
o727, 50[cm] Y 150 [cm] DIREHET 21TV, 15
DI IREME 2 e & U CHREE 75 (em] 2T 100 [em]
REOIREMZ E L T A — MUWIHE L T\ 5, AT L
FH AT L U=k R, FCRN, Monodepth2 N9 4LIC
BOWTHIREHEEMEA K E AN DRERE o7,

FTo. K3 OKMETYRENRATZ HIAIZ B L CRE
WTEDE2NMR L, A7y 156[en] DA L
3lem] DEGEOFER AKX 2 KO 312”7, F7-, il

x1 FRRE

FCRN Monodepth2
TL—LT—% Tensoflowl. 15 Pytorch0. 4. 1
B Python3. 5 Python3. 6
0S Ubuntu18. 04 Ubuntu18. 04
GPU GeForce GTX 1650 GeForce GTX 1650

L Dbick

F 7+t v ~iEEE
X1 SERIREE
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2 FEHTEHER [om]

ATLARAS FCRN Monodepth2
50[cm] 51 114 -
75cm] 71 131 100

100 [em] 99 142 131
RMSE 1.4 50.0 45.1

BIEFiE R T L7H A5 FCRN. Monodepth?
i W6 x D3 xH24 [cm]
PHEDAE S
a W6 x D3 x H24 [cm]
HAASHLOER | & 50 [cm]
ORFF 7y ME | 5 65 (15), 59(9) , 53 (3) [cm]
B4 X 160128 [pixel]

1

FCRN Monodepth2
K2 WiZEMA 7ty b (150cm])

b+

FCRN Monodepth2

X3 MERA 7ty ~ (8lem])

fi& [m]

1.5 J
1 :

T

52 58 64 70 76 82 88 94 100 106
BEAROE S wILGE [pixel]

—_—F Tty bL
7ty ~6em

— X7t v b3m
—F Tt v ~lbem

K4 FEH#HTEHER (FCRN)

(27 B ALE AN IRE M & > T 7 &M 4

RS IR, 7k, WL, WG C A (e
ANEDOHET R D B B IAE 50 735 90 F THIH)

BHARDES wILLE [pixel]
52 58 64 70 76 82 88 94 100 106

_ 0
d g 01
by
g 0.02
- 0.03
iy 0.04
2 0.05
0.06
0.07
0.08
—F Tty L ——F T+ F3em
F 2+t 6em —Z 7+t v k15cm
K5 ZREHEHR (Monodepth2)
%&OTI/\E)D

AT VAN AZIL Slem] DA 7y FTH 2/0W
KDV OE A Bk T & 7223, FCRN (22T
15[em] A7y FSHTLGE TS 2HHOWIER 12D
kL L CRRENDRER L 2o 72, £ 72 Monodepth2
\ZOWTIE, A7t v b 16[en] £ T % 5] & 583
TETCWEN, A 7%y b 3[em] V9 [em] DOFEIE
1 OOYEEE LTRSS DRER & 72Tz,

2. 1. 1. 3. ALAROHE

L FREIC DWW RIS R 21T o 7o, & 4 D5
THM AN RED 3 EECE DR Lz, R A
21[em] DAL 3lem] DG OFREREZX 6 LN 712
AT, REEEE ST LT- & 2 A, FCRN 122\ T,
WIRERIOFEREDY 3[em] DIGFETH . REHEEBIG 5
WIREDS 2 D8 D T & D3RR T & 72, Monodepth2 (Z-D\»
TIXEERIOBERED 9lem] £ TIIMER 2 2HDH Z &
DR CE 7223 3[em] OBEFEITWEN 1 SOk L L
TFEREND Z L EMER LT,

x4 ARARORERSEH

BIEFE AFLAH A5, FCRN, Monodepth?
k W6 x D3 xH24 [cm]
YHEOKRE X
A W6 x D3 xH24 [cm]
HASHSOFER 50 [cm]
WIIZR D REEE 21,15,9,3 [em]
EfgYA4 X 160x 128 [pixel]

FCRN Monodepth2

X6 WEmMRER (21[cm)

-35-



+

FCRN

Monodepth2
X7 YiERFER (3lem])

2. 1. 1. 4. YREEEOFHE

MR OV TR 21T 5 7o, K5 DOFEMT
MR TE DR Uiz, PIEN IR WA OWRE
EEIEREL LT, ZNENOIEDLE O —F )
JitR (RMS) ZHM L7z, fEREE 6 IRT, £72, W24
XH24 [em] K ONW3XH3 [em] DOIREHEER R AN Z
MK 8 X 9127”89, FCRN {2V TIE W3XH3 [em] 12
ITEREEDOIX O DX TN TLEW, IIEARIT
X 72N o T, Monodepth2 (22U M TEE, RMS
I LT- & ZAMEENRWES AT TWE D b
MO ADER S D LR L TWD Z &R ER T
77

*=5 PARZEBOERSEMH

BIEFiE XF LA A A5, FCRN, Monodepth?
W24 xD3 x H24 [cm]
W18 xD3 xH18 [cm]
WEORES W12 xD3xH12 [cm]
W6 x D3 xH6 [cm]
W3 x D3 xH3 [cm]
h A ShE DR 50 [em]
[EE-S 7Y 160x 128 [pixel]

%6 PENZWMGEDFREBEREL L-RNS &
Z#ERE [om]

RMS RERE
WxH [em]) 24%24 18x 18 12x12 6x6 3x3 LAY
FCRN 134.14 87.29 50. 29 14.76 2.81 6.35

Monodepth2 82.63 125.59 84.29 78.27 | 67.56 25.75

JTEE FCRN Monodepth2
K8 WHEHA X W24xD3xH24 [cm]

FCRN

JCEHR
9 YHEH A XW3xD3xH3 [cm]

Monodepth2

2. 1. 2 Visual-SLAM )=

Visual -SLAM & IXEBZ T2 2 & TH A F DAL
B & BBEHEE L, [RIRHC ZRontE 2 BUS 3 2 5t
ThD, ONN ZHWEREHEE & [RERICHAR T A 7 72
S ZRITE A RS TE D700, RO = kockEiE
T OFERE L THHIFC&E 5, £Z T, Visual-
SLAM O FA 72 T4 T & % ORB-SLAM2 >’ | LSD-SLAM®’ |
JZONREMODE ™) %3248 U7, BARERIRIIR 7D L EY,
ORB-SLAM2 {57 & FEEUR A flHY URFEUR O =3k
TG Z ST 5720, BRSNS 3, LSD-SLAM
J% O REMODE [ Eif5 R 2 FIH L Co 70 e & &
NoHEVSTRER®H 5, ZNENOTEEFAWT,
e DO—8% =Rk LR 72X 1 0lTRd, =
WL L 2T D \ZIT K 0 82 SBEN S H 41D REMODE
DAERATHD Z EPHERTE T,

2. 2. TYRL—4
2. 2. 1. L—50%H
VIR AT, W% -5 - B -8
BEEREE T CHMBAARETH Y | BRI F L2
&L KB OBEFIC L EN /2 [EOINTEREE
ICEDEERZIZEAEZTRWIETE S LCOFH
%7 Visual-SLAM BA&IBIE

ORB-SLAM2 LSD-SLAM REMODE
ZL—LJ—% | ROS-melodic | ROS-indigo ROS-indigo
0S Ubuntu18.04 | Ubuntul4.04 | Ubuntul4. 04
GPU GeForce GTX 1650
FERHAS AaYy—)Lits C615

ME=ERSE (£L) ORB-SLAM2 (HL)
LSD-SLAM (£ TF) REMODE (BHTF)
10 Visual-SLAMIZ &k B=Rx&

-36 -



DHIFFCE 5, AT, MET VT 2HE T, %ZE
TFUTFF 4 ELNSED MIMO L — FREEE & £ o
79 [GHz] b — &SI EAR & F VN AR O VR EE R HANZFI
THIEIC L, LA RHliER O FEFE c AR 81
T,

WD L—FFHIENUIER D OFFHEN S, &
WA RREHIT < <L ITHE LT Ui 0 5 e
RGN ETFTH D120, A TIE, FEEET ) (U
T, Ly UHmES D) ROHMASR CLF, 7Y
<~ AHMES D) T. 2OOWEENEETE B IEHEE
i

72k, R Uz b—ZFHiE L, FEH R &
mCHh LD, RTOERIT, ERBEELO—/L R
T — AN THENE LT,

2. 2. 2. ZIEKOESR

wEaRy NTARNT 4 —V RIZEET 5 L —F5E
e E A2 VN, 29 O L— X B2 22D
OTA (Over The Air) CEHHI L7z, FHIEHE A X 1 112,
fENTRER 22 1 01T, E LBV O FastChirp &
FUZEBNIEH CTXCND D L AR TR, B, fif
HrAE I Time Length 73, #8495 Chirp Cycle Time
K OECEEIE, SSTRHCETEONLD BV R L AT

®8 L—4HEERDETERET

10 FHARROMENHER
. Chirp Time Best-Fit FM
Region{ézz]Start Cyjcle Length Slope
Time [sec] |[sec] [Hz/ u s]
1] 2.80E-07 5. 55E-05 6. 99E+07
21 0.00048645| 4.86E-04| 5.55E-05 6. 99E+07
3/ 0.00097262| 4.86E-04]| 5.55E-05 6. 99E+07
4]0.00145879| 4.86E-04| 5.55E-05 6. 99E+07
5/ 0.00194496| 4.86E-04]| 5.55E-05 6. 99E+07

w2 IWR1642Boost
- MEFHMEEHS R
FEIET7 > T F [ch] 2
ZIE7 > T [ch] 4
B % % [GHz] 77-81
o= . FCM
ZHAR (Fast Chirp Modulation)
6 B 5> fiZ BE [om] 4.3
% i 5 iR B [deg] 15
AR EF A [deg] +60
= XN 5 [deg] +20
%9 Fast Chirp FiRIEEH#ET
. Frequency
Idle Ramp End Chirp Cycle
Time[ us] Time [ps] |Time [us] i}:?e[MHz/
429 57.14 486.19 70

=11

F v — T 4 BFOBWE

TORIZWEIE & U OO - FITEIR T 2,

2. 2. 3. 7URARAM

B ZE TN O [R]— BB O ENE % 31 2 (ZFHAIS 5
T2OITIE, T U~ AFMOSREEERET D 2 &3
HThbd, L—FiHlizERZ g, a—F Y717
XL DOEEAE 1 2 (F£) DX 9 Il EREIT- 7,
B, a—F VT Lr X 2{EBOEMIXNT 2 ()
IR OEREE Lz, nW-a—F U 7L &2 3=
AT, L—FWrEfEIL 79 [GHz] <To0.117 [n’] (-
9.33 [dBsm] ) TH 5D,

L—& L DfE#E% 50 [em]. 60 [em], 70 [cm], 80
[em] &2 %, a—F U7 L7 2000 L CEHAITE
Ha—F U7 vr 2R RO T, EOREREZE 1
3ITRT,

X1 3 DI REEND, L UNEL 2D, =
—F U 7L s ZEiEE RS I E S CE e FE A
TR T& Iz,

2. 2. 4. LYUAR

Wepia 22 N O FREE AN 72 DR % 5l 2 (ZFH3 5 7
DITIE, L P H MO FRE RS 5 2 L AN ET
Hb, 78 DIEHEIRAE 4. 3[em]ITHESX, £1 10
G Cca—F U 7Ly ARG CGGHIITTE A0 E il
BTz, ZORREKT 41277,

17 LY S MEERE
EERIRE
Lo &)oLy AREmEEE

12

18
S 17
# 16
)
w15
i: 14
A 13
N2
>

11

10

50 55 60 65 70 75 80
L—#& & DR [om]

13 Lro& Ly 2RHiERE
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£11 a—FUILYEF Tty MuE
a—F+1) e - -
SLY 4 L— A SRl E A 5 D EEHE [cm]
i 50 55 60 65
g =1 50 50 50 50
R 50cm 2R 55¢m 5 60cm 2R 65cm

K14 L—4&UTLYABOIERH

141%, 7Y~ A GElh+0.5[m]) & Lo (it
1[m]) ® Heatmap T.HFRWARy Mia—FrU 7L 7%
ONLEE R L, L—F OIS 277, 1 4005,
Mtz L7m2—F U 7 L7 X 5lem] OB CTHEET
EXHT L EMERTE T,

2. 2. 5. "ERS

WIRE LI DN B DR L7320 b— A OB % H T
T HHATIZ CPAR (—EREHR) ® 38 %, CFAR-CA,
CFAR-GO, CFAR-SO ZNZAIUZ DWW T, Bz A S+
DR EMETR LT,

HEHFHN L 2w 1 m], 72~ A HH£0.5[m]
ELTWDT2, RO FEBREREE CIE R DBFAE
B9, CFAR DR RIT 2D o7,

3. R

3. 1. RFHEHNAS
EEIZOWTAT LA I AT LR L, FEBREiT-o
TEPELSREZHET LN TEhoTe, 2
&, REHEE 2T o 178 7 VSRR 722 & %k
WEZEEL TWWRWenE B2 N5, 5.
PPRER OB T — & 278 S8, BEFMEEZITY 2 &
L7y,

3. 2. TYKL—F

K EHIEAR D AL iERE 15[degl D, LY
#Emﬁ?xvxﬁﬁ;%ﬁ% YHIET X ARV HERR
TETo, YLV OYRERERIL, L— & il
ZEAICEINTZ LT, T U T T OHAIRRERE £
TWIEZ 2 D VEND D, Lo VT, blem] D
PR CIIE A SBEEC X 2 Z LR T E T,

f— L v Y OYRETIE, DT v~ A I Tilk~7-
LB WIHE R SSEECE 20, L P HFANS blem] D
FRHEZEDVAE CAUR B CX 720, BHAIRHE T U~ X
FDIFREICE BN LETH D,

FHABRE R OB X, i8R & LT DD
WZ & KEHITIEa—F U 7L Z TR VR
TBEECTHh A Z L5, CFAR OEEITERD S h -
77

4. %

AFETIE, HFHIBA AT, JVFEL—FE2HN
TP NERZE M OIS 2 =R oTiE TS 5 7o D HMRESE
e Sl Oy

JFHAR A A 5 Tld, ON Z W R EHEETFIET
& % FCRN KON Monodepth2 3245 U IR K OG5y
fifRe, AT & Srfifne. AR :f)u\f M 21T > 7,
FCRN & Monodepth2 % [bifiz L7=356 . REMOREAT
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Development of cellulose nanofiber reinforced composite materials
- Development of bacterial cellulose reinforced sliding material -

TANPATERS TEPERL  Aatthiyil

AR R

e —2F 75743~ (ONF) O1FETHLH X7 TV TeAE—R (BC) %, 1EKD
(b FALERLRERIAN 2 TS, ik - i b2 7 e R &Bi¥E LTz, 72, 2o
PRWEBC &R Y ZAF Lo (PS) AIRME LorHtE L HEWEZMER LT-, 202 &ICky, K
I A N CEARTIERE & IRBRTRE R BC I 7 + 7 — % B35 Z L ASATRE L 72 0 | FEER

M OBFEARE < AE LTz,

Key words: freeze-dry, bacterial cellulose(BC), corn starch, CNF

1. %5

va—2F ) 77 A3~ (CNF) 1L, fee 71z
X7V BRI 2150 LT SRESAR IR AIRA~D
BRSSO D, £2, Wl A A~ 2B E
0 L7 RERE SROfHECH v | IRIRFHEDFEBLC
LHENTED2HF M TH D, ZDCNF O—FfiZ, 7=
— A7 P EFRHIHHREIC L > CTEDNA R TF U T
Era—2x (BC) bV, —HEH (Fx7r=a) &
o TWA, T, ~Ikn—2e) F= 7Ry
EIFEAEE TR, MEOEWESRMEICT SV
A —ATH D, BCIEI 7 v7 1 7 U ILOMAZE
BffEz &5 EaRHME L, IFEORHEICT <N T
WDV 2D AS iR AT AREREME M L LT
HEH S, ZOMHED LRI ORE Y K OHR
BA%E Y D BTV D,

ONF 1Z, B nm~FE nm OFHET, K578 80
~95wt%D 7 VIRWE T B, T I LSRRIV As
JEIZIRFED 3725 Z LIXTERVWOT, #EsE T, |’
O RREIRIC T A NENH D, L, ZhEE
PRW R X 2 LORE KBRS G & 3 oo BRI &
0. ER— N R BRI e
WL TG, Flo, KFEFHEEZTD DT DI FHER
L., W EIT O Fikb D0, Th bk
WS IR RT Ao Rn 0 | BNFU/ MBI R
W CTE 2 L DO TIER,

Z 2T, ARRTIE, MDD 3 RTTDIEHE N EET D
DR EA D 5 O LKFREG O A ML &
< T HHFETIETD LA DT, BC 7L & HLIC
SRR 2 LA BT LT THET 2,

2. XEB&

2. 1. BCHILDAHR
MIROEFHF#Taa (7Vya k) 2FiEA

CNF

¥ —THL, KPIZoBEEE, Z2ica—r
AR —F ZINZHHRIRE Uiz BC 7V 2 FEREL L
Too THEELT-BC 7T, T4 T a a O BEREICH L
T, A=V AA—F52R1OEBVEMUZ, £,
D 7= otk s a— 0 2 F —F HIRA LT b D
HYER L7,

=1 HEHEE

e —R1IZxT D

GRS v m— ADHE DV R E—F DR
i 93 A oy A 1.5
A BC(F 4 7= =) 1
B BC(F &5 ==) 0.5
2. 2. BC#HILOEKEEZIE - fRM - DRI

TR L 72 BC F v ¥ — 72 2 fUBERICT 5720, i)
BLANLHEE CH/BSEZT, ZhaBE2%eigl
T, BC/a—r A& —F D 3D ZIEKEE-, h%
FREF 7 — R ut o — TRk L. fiflk - ok BC
(LT, #okyoR BC LWs3) w157,

2. 3. #M#MEKBC LHBIENRKE
FHRERILAARY 2F 1> (BLF, GPPS & HT)
CREEATF L (BR) 12, 74 7—%EnZh 5, 10,
I5[wt]%iRF L, 230 REfRi,

i & DRI, LA - TR R TIT o7, Xplore
RO H FRDEFEMCISHT (1) ZFvy, S L UVRE
220[°C]. A2 U = [Bl#£¥k 50 [rpm] T 5 43 RIRM Y L7-,
ZO¥EBEORHEIL, R 2=V A7 Y 2 TR
RO OB NV ALRERERL, 747 —0DF /) L
VDGR ARER Z & Th D,

2. 4. YHHEEHME
T 4 T =T L DA A TR T DT, 1R
ML L2 A BT o RT3 adhifilBy Gokras

- 40 -



v 32[mm], BRI 5. 0[mm/min]) ZATVELER L 72,
F 72, BREYR BC D HRRE 2R D 7= 60, ik
D SEM 122 & R C S 22 217 - 1=,

i
"

B1 FERALE-ELREE (h20J &Y

3. BRRUER
3. 1. BfEHER

K2 7L—2K##BC

X3 APHEMBEHREER

21, FEL TELN T L—27 RO e
BTohd, KM3IEENEILKR LI BAMBIBIERER T,
72 BC 7 4 7V MR E &£ DY DN T 7 T
AL —FER L TWDDR DD,

L7 47— 3FH (F1) IZOVWTHRNES
Bxlcl ZDRMEFED VY B 2\ TR LT, BSINE
W% LT MV ORE 7220370 < IRFRIC+430 2
ENDZ ERbroTe

&2 EREROMLY

Rkt 74 7— [wth] ~A2 [N-n]
Heig-1 5 8.3~9.5
teig-2 10 7.9~9.8
g3 15 8.3~9.7
A-1 5 7.5~8.5
A-2 10 7.7~8.9
A-3 15 7.9~9.2
B-1 5 7.7~8.7
B-2 10 8.3~9. 4
B-3 15 7.8~9.1

WIZ, T—2AX—=F DL IRWGREL B ¥ A 7 O#IER
FlZR LT, HAHZ, 3= AF—FNETE T, BC
DN L HPITE 272720 Th D,

K40, 5750k B- 1, B-3 Ok o> SEM
ZRERTH D, ARSTERRICAZ DR a—r 24
—FC, JAAICIEX 3 TR SR gigR T
IR0 T, WWTEIL GPPS O ZF N & 3R . T L—
ZHRIZIR o TS, ZAUL, IR TR 7 ¢ T —%
ST & L CHWSAICEA Omm ™ 8 Th o,
B PSS L T B b o L B s, RGERK
FBIZETIX TN BT AR OMENBIE S
(X5),

51%. #UBFB-1, B-3 ORCEAMEE (WHEF) Blg
ERTHD, ZOBEIFIETIE, ~ Y v 7 A0 GPPS
IR AR ERIIE CET MBI Ch D7, BBIES
NAHM, BCea—r2AZ—FTAL o THEREN S,
KRB SN DN a— 2 AX—F T, HEDOKE
PREFS BC Th D, B-1, B-3 D EBLLICHERLIC L
LEMBIIRONT, 74 7RI —ITom L Tw
XYY oYV

HRD ONF IXEAEA 3~100[nm] FEETH Y . HiC
50lmm] LT &EF 7 7 U RAZ )L LKA LT\, &
Jbr— ZDREIT 260~270[°C]1 T 53, ONF 1Tt
AR K E W2, Bl Lod < MHEVEES IRV, #8

41 -



fIg & DRV IREEIE 200[CCILA FICRHNTEY ., b
HERN LIS TH D,
BC DEAT 20~50[nm] TH B M, EBR Tl T H¥T =

0 JECTHD, Zivd s U CHIINEOEINIRE,
E (K6), Wtk (K7) 1L bIETEmICH -
~o AEOMERBRA TP LHE UELSHHLZEE

2%, FEHIFT—THEL WD, ZOEE
I 7 ar tREL, ZORDMREBENA TG
CNF L 0 /hSWob ALHERT 2 B2 220[C DR
VIEEICHINZ Y D EMTEELDEEZLND,
HEHED 3 IRTEDIE BN ETID DRI & L
T, By afEA L, BEHE, AFLST VD & LK
itk CThHr &, £z, ENfETHLZ D3 AT
bbH, ZHETOMZED 5 ) NS EMOIIR, B
&7 EIC X D IEHENWER/OHRRENRR D Z L)
Do TND, BEL HLHBHOF T, a— AH—
TR 150 um] F2EE &/ &< REMERITIER
WIS AIESTWDH T BCoIza 7 47Uk
FEHALT NG D EE X T2, F72 WaBE S /SN2,
iR LA SETBOREEEZ bEE LT,

(b) &#4B-3
K5 GPPS TR L =M ORRBHERHRTER

DANT LV REZOFEFERANTNEZDRA R3%L
INHRBERTO—KRTHD EBEZ LD, MFEHK
Ze T UGB O TR P ER O TR E WD,
BC IZH_TERR 10~30[nm], £ 2000 um] &KX
W, B LiikEni-otEx b5, Rk A

& B OEWTa— 2 A Y —F FE AT BC oD
BC ODETHD, ZOHEHLEEDL 2 BC Ry L
LG SNzl EEZ 65,

CNF OFFE Y » 1212, 5|-8E 0 38 3[GPa], 5l
SIE Y BRPESR 140[GPal & U 5 AL T KRR AR N &
FHid, UL ZhE, BEAE 5~6[nm] D CNF OHE
ETHY, HENRIREDOSEG TH D, £, kil
MED/RT p—v LV R+ IRET HT20121F, 20
FEM DR & L EAEAE DHL/D IZREWGNERTH

(b) F#4B-3
4 GPPSITiE#&Y L-EH0 SEM SRR

3. 2. 3AEMHITHERIER
3ATHBREE R A X6, K7Lz, Te) 1T %

42 -



0. Fio, TUFLECREL D IE—HAE LD 03
SRRAE O MEREZ R D, LA L BC DA, X
IR LT L 9T SR TTITHREITHE AL TE mik G 2 L
TWA DIz, sESCHEMER O Ei2idas Lic< v
LOEBZHND,

75 T T T
I —— LB
70 -

65 |- B

60 - B

o MPa

55 |- -

50 |- -

45 L 4

40

6 BHITERETIC S & RnE

4.0 T T T

—@— L&
35 | —-A i
—4—-B

GPPS
309 [ J i

25 - B

E GPa

20 - -

15 B

1.0 I I I

0 5 10 15 20
Wt %

7 HAITRMERLFME

X8 BCoEXEE (RAIEMREHRE MHRE)

L)L ZOEmTAEED - 0I12, FABE O AWS /)
\ZXDIRAET T v 7 OIRANERENT IR DT, BFERE
DIKTFREZ LY KEEFEEOTEEH BIRIZIT R <
ZLEDTERVMEIEEZ NS,

HIAR OBAIE CNF OHIZ I, AR—IL L TR
DERC, B 7 a ORBAINT T LT | F
NI EWVWo T I RX T NV EERLT 50~80[%IRA X
B IR TVRELNH Y, e S odEM & LT
FEENH D, SIS L= 7 1t 2Tk, BiE 30,
50wt %] @ BC/IBRHEAEW T D, BCIZ L HANEkL
IEREVOT, FRECERERME /7 OITEREZ KT T
ZEMEBEZONDTD, SBITHBE OUIMEE D72
<Mz BIFEERTT 5,

4. %

BA%E U 7o o Bob & RSk oA G bR X 5 |
BC ik - M7 1+ 2 2B\ T, LT s a 15
77
- BHIEDECERT & LT ONF @ 1 fiJE D BC %, Hrik 7k
FRPLCR W & -T2 155 7' 1 B X & fif
N LTz,
< DT BC 1. GPPS & DIRAIRE 220[°C]
itz BEOWE 7 4 77— LTHWS Z &R T
LT EDRPMoT,

BC I, BErEREORITE TR TR 90 [wth] D& KT
e LTH STV D, RPN S 2 BEEHT T b4
FHARRIELE kg OFNVEPEEFEFY & LTI T
Wh, F7o, BNTREEISN TOWDRERESCNTES %
AWTBC 2liE+ o2 L baEr? Thd, Z0kH
7R BEZEW) 7> SRR OB & LT ONF % 22| - i
TEIUR, FEEEBEIW O, Hiic A ORI X
WO KALFEEIZ I LERTE D20 B HD,

|

SEXH

1) AT 2 AT v Ve tm A7 A
F oI KT w7 213 (1995)

2) H§BH 2000-31702

3) FFETE 2617431

4) HHhEERE, . RRIEANT, P.657, vol. 18, No.9
(2006)

5) AGHBEEME. fh, IWGC-4 TFELE, P.116(2006)

6) SgHUFRME, fh, M&M2006 TRatE, P.53(2006)

7) HGHuRERE, fh. JCOM-36 YFELE, P.9(2007)

8) BAR®T, fth, BN R RY7 18, P.323
(2018)

9) filifd, fh BB AR Y7’ 18, P.319,
(2018)

10) RE#EZ, ®mrF. P.525, 60 (2011)

1 1) Z9Hiispe, fh, P55—58, 19ME-S4(2008)

43 -



1 2) B EIMRSH AR —2 =
http://www.kusanosk.co.jp/. ZMH : 2020/2/20

44 -


http://www.kusanosk.co.jp/

RAREZ R L Ul geplofls Hik
Method for producing dye from natural indigo
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BATBAZERD T2EpPRRE TRRSMT  RPNERA
JEHFESE AR I =2 (BR)

CAE % V2 Z & THEBRIT LA THEINFR CRIRINT 12 A TZHE G O AMERAL RO FARR
Bt EOfEEH 2155 FEE MR Lz, ERROIIA L EASMOWIE SEORETEZJIE L
7o B CHREHNZREEL ATV, Bt ST A — X ORMEZRET B Z & T, BAEMEDDH B CAE £
FTNEAER L, FREEROPEL TN 2 FEL AT &N Tt

Key words: 1ZA7ZBEGTB, AN, CAE, Coffin-Manson Hi

1. %5

RS A 27 VT S5 BT Tl b SRR 70 K
BHGUX, BUZE - BUGEIC L > TELLBUS 1 & %
ot & LTz, FATEERORIESHECTH D, 1T
ATETERITEGZEN R & < TRIRDBFMIZE 2 508
HREXNZD, FATTRROEE L&D TETF R D
MHANE 2 FEBRAICEHIT 5 i2id, < oY7Lk
WK Z L, FEETH D,

F 2T, ABFZETIE, CAEZIEH LT IZATE Y T
7 DFAENBET DT ATV, FEBRIT IR )
NI AR OEH 255 Z L2 AL L, BAE
FINZIE, XA TEEROCAEMENT CREE & 72 HCADET Y
7. BHRGE ENTRMERE . ERRHE ROV T
et Uiz, F72, YR EICEm LIBT3 A
OIEFEMFEMOMIE ) O FZIEH L, Coffin-Mans
onHINNC X B FHay T % il A iz,

2. EE&

2. 1. [FAEEOMESERE

IZATETIR O BE TR DO DIEARNEHRE LT,
B AEE Y 7 b WinROOF2015 A4 LT, #REMEN
HLT-1 6 T NDIRATERREENS, AT
TSR E I C BT 2 RENEEFHI L=, X T ICHlE
L= HEORRIN 2771,

B [FAERIRORE T EEXR

2. 2. CAEMBWETIER

FBRER AT TR OF A ZAT 5 729121340
PDWERSE 2T LONHEBTH DN, FHEFMAE
2%, ZZC, ABFFECIIAIENIC B 5 B 5y DB
DIFF—HIZR M THIN < EIL . ZRLIIMIHLL 5
BB e E Uiz, ZORiEE LT, IZATIRZH
W CET U /T h2 L e L,

X 2 | KR T T V2T, K B EOF A,
IZATETH D, ZOFEFATIE, MERIREERIC,
WS 7 4 Ly MR L7212, HAROHiR e & L&
B D EHIBR L, oy EITAT L Lz,

X 3BT T NV E T, ZOTT UEEEEL
BT/ OLNT ALY BEICETAERTAHZ L&
BRI L72b 0T, BlEm 4 BATE ISR Lotk
L7,

B 4 (AR T VO ER3EIK %, 45 1252
Wi 7 L O BB EPERK 2w, ARIOITATH
TiX, #lV — RO T CTHMrT5Z &30 -oTED,
IO ERIETY 2 08T D20, BRYA Xk
200 pm]\ZRRE LT,

K3 SFLEEETIL

K2 ZEBKETIL

SRS

1%5& DO RIS
JAVAVAVAVAY NS
NSNIEORR

K4 ZEBRETILOERSEIR

49 -



M5 ZREMEETIORRIEMEAR

2. 3. CAEMHWEHEX

IXATEICAE U2 BUE T, & DN O SRS
BV HROBWEL X >0MT L5720, HEDOEN
FHRZAT O IITEL ORGE b B DI RN LETH S
2, R RAE,

Z 2T, AHFGETIE~ L F A —)L CAE L% v
72 ZOFEEF, ITZUDIZ~v 7 m A —)L CAE TRKF
DIRFHEZITV, ZOREREZFEM2ET ) v 7 21T
=/ B A7)V CAEIZZITEL THETLIHLOTH
%, M6 1xZOMEKERLIZLDTHD, AL
T4 2 CAE > 7 b ANSYS Mechanical Tit., RIR
THEIIT. 2ODffTE 2 >DERLE L TEHL, &
ITEMRTORSTET TRAICT — ¥ OIHER R OER
ERFHETH D,

AWFFETIL, ~ 7 7 A —) UfRHr CIRIRM 30[°C.,
EHRA 130[CCIDIREY A 7 VOFEEZITV, 171
A7 — VRHTIE 30[CCT 6 130[Cl~D FiEfE D #
BA{To1-, ARETILI 7 v 27— VT OB —1X
MEEFIVOFERDO LG T 5,

<40 /0

- A H#HE v B

T —, BT
2| @ LIZPINTF-R V82 @ TIPSR
3 IAAN) v 4 3 IAAN) v 4
4@ N v 4 4@ TN v 4
5 @ tobry v ,/-s @ oty v
6 @ RIFEe v 4 &7 s @) RIFEe v 4
7 @ 1% v 4 7 @ 1R v 4

BEFEIRETIL B—(IAEETIL
E6 <ILFRT—ILEBHROES

3. HERUER

3. 1. ABEATEHR

Wi BB EORFER 2R E LT, K7, KM8IZ
BT NS No. 100, TNo. 12) O JHIE#E S i h % 7
T, 2095, WNo. 12) 1%, KA RBFET D L. BF
B LA FATEERNAREL G T, %

FEE LT~z L Ebihd,

BEEOEWOSE L5120, FHllLIZ1 69
T NORFENEOREEOTEIE, EHEFRE0 . 28
R (FERER A EYE) 2R 7o, EHEE 2 o O
SMCH DT —F B B & L CRRIN LTI M,
PR A A PR Lo, RS A 3R 1 IR,

CAE TIITEROEBLMGEET 25612, »HRRE,
BALIERA K Z VT EIRERZR B 0TV, — 7,
FIARDIE B D& BA % S U7 BLEA 23 & )
BARLEETHD, ASETIE, WEONRT A% L
., BluiEE2 0 &L L, FHE—2 0., FHMHE, T
i+ 2 o & 3KHEL LT, ERDORERE A HHET LR
DOEAREL UTRE LT,

B8 HFIL No. 121 DAIFERESR

1 FALERKTERAESLR
K#2 k%1 JK#3
REAIEEHR FiofE [FEREE| ETHE | FH-20 | FH+20
Um “m “m “m
h&EE 184.4 18.6 10.1% 147.3 2215
al)—FF 327 4.0 12.3% 247 40.8
DU—FiRE 121.6 2.6 2.2% 116.4 126.8]
dY—F & 384 5.1 13.4% 28.2 48.7
e))—FR& 567.0 8.1 1.4% 550.7 583.2
DY REFBRS 105.2 24.1 22.9% 57.0 153.4
0) V—F I E(FAIfE) 521.0 18.7 3.6% 483.6 558.3
L:ES] 1,101 117 10.6% 867 1336
; A FHiE |BERE0| FBHE | FH-20 | FHY+20
A RIE R = & = &
BCE 29.9 3.9 13.2% 220 377

3. 2. CAEfBH#HER

[ 9 IHHERARE 7L DIIEOT B oA R 7T,
%E%Bﬁ TU?&%jﬁ & /;ﬁo 7”:7)3‘\ z'g 1] Sz oL S aER
T T D = & ZHEE 2, TR
ZEMERS & Uiz, 3 WRIT CAE ffhT CI3MsE Wi %
BUE L 2 Wotop i & L1z D7 i BT Loz,
BrHBlEE & OGO LTS 25X, K1 0ITRd &

-50 -



Y — R OAAIHETEE 2 ARARRI O U, AT &
L7z, ZORMNG, OF A KAAITEA 52000 ¢ ]
(0.0052) EFEAID Z ENBTE S,

9 BHUITHSH

10 FHEMTEOREIER

wIT, REHEOREBOFMER L LT, LWmEE
FNLERNT, K1HDa~fiE (V— R TFDIZAREE
) ., BELLIKETHD 24.7[um], 32.7[pu
m], 40.8[ u m] & (L SR HE O &7~

1 113, K#E2(ZH 725 a~11532. 7[ u m] DIFE DY
HOT BN TH D, BOESCATRR EEEOENL T
EWOT HBFAE LT,

KA i, FHamAlE LT Coffin-Manson HiJZ >
DN, AMRERMNTIISHT 2561, BB B CRF
32 00n#ETH5, £ T, BERELTHRAEA
ML A R LTz,

K1 20K E RO EOIERKTH D
N, BHEO 4 HOFEIETOTHETHE L, ftho 2
KHETH [FRRIC R CALEDS R K Th o7,

3/KHED CAE FERMN D, BARBOOTHEFH L,
Coffin-Manson HIC XV FmTPREITolofERE2F 2
WR LT, AW TlE, 2 o K& NS LIk
EDTZZ DD K 5% DIFA T OFMITTEIN
TeFFm OFHIAFAET D LW T E 5,

[}

KE2 DHEEDBEEVT AN

11

12 BAAROVT AHHHIEKE

x2 aTEDFEEDIRL

atiz | RRUTH| FHFA

(um) AL
K% 247 0.00241 5831
K#2 327 0.00233 6099
IKHEZ 40.8 0.00212 6841

4. #

AMFZETIL, CAE 2D Z & CHEERIZ A THRE
[ CIL A TE A B O AR FE G E E EofaE# %
1525 2 &2 BB, Wrmils2, CAE T 247\, BLF O
FERPE BT,

|

O ZHOIZATHBIE GRS, LA HEL UYL
E7e EORECHEZRE L, St lnaE7 5
& TCRHECHEIZE L T, 3KREDRRFHEZ KD
7

@ I7nARTF—ETNELT, BoZARRET L
D CAE fgtfr 247V, Wrinfiss & [Rl— R BF O FHm s
maEHNDZ EICL Y, FEEOMWBRI & [F—R
A2 FOOTHTERM LIV & E R 5 Z &
AR & o Tz,

@ 3 KUEDOFRFHEZE AT H> 5 Coffin-Manson
ANC X 2 Fa PRIZITO, BECHERFMIC T
TR EEAICGGHITE 5 Z & 2R LT,

SEXHR

1) RWFRA, EAMET, THEHLT. CAEICLDET
TR ADOGHEMRAG FIEOMESL. Rk 2 THEER
Wt 77 7 PRl s, (2016), p.55-58.

-51 -



BIRHFL IR R 25 B O 58 B Rl

Evaluation of strength of orthopedic surgery instruments

BABATERS TEMBIRL PEAPRE

THELAT AT

AR ARt~ A AT v 7

ISR e LI SIS FECHUR T S BERR B CRIETATN) 15, SR
BRE BRI LT, SRERAHC BT IR L T2 0 S IETh 2,
T 2T, ABRCHISIE G S L7 B O R BRI K USRI 217 - 72,
TR, FER, B, 0 LY ORISR 5 Wb 0280 B OB C Ot

URA7 i i s Z L TEI,

1. #8

SR ZENBSE LR, AP e &
BIEHOBEMEIEE T RET LD U5
ToOHE|MTH D, M1oEByREIZAFIC
FRIA B 46 PHEE i M D BRI A 4T 5 e (SUS6
31) &, BCAHE (SUS316) | M5 EE O AL THE
BRENTEY , BB O & 50 0 v H2
WWEY —KfbEnTWnWs, 2k, Limdiis
Y EITH)DICFTFFHFITMTENTNS,

AR I E R D RESBELEELFT L
el MERFNCHETOIERNAAELTEH
D, BSOS TS N T 7V RNBEEL T
W5, XETHREOMLEES HTWAH A, T
DIFERBERF OB N FIZHEN & D DD,
T E LR ORE O HMEICHW T X 2
WIZERHELE o TS,

2T, RFETITEARBR 4 7BIR, U
FORIGHR) & B TARICOWTER EREAT L 7=,

FEARTAR OFRMT TlE. CAEfAT R OV B BR 1 &
DEBRESERNED X HITEFRT D02 2 5
FiEERF LT,

REIRIR OfEHT TR, BEEERICE B L, B
DOWrE~ 7 R BEEZTV, BT T VA ERCT
5 LI K VI A~ OAFMMT D Y R 7 B E
BWIZEHE T 5 FIE MR Lz,

SEH D BES
(SUS631)

(SUS316)

X1 @Rk

2. 3ER - CAE fig#r

2. 1. CAE #E#rFiE (EXRMAKEM)

FEARTEIRIENT TlL, OFT AT — T 23 240
SF A ERRAT A EAME L, o7
EOHMIZRIZOWTIE, FFEDEHERICK T 5
OT BT =V O FIENH ST DA, AL
D FEfE AR T I D TERR N 72 o To M 22
EREL D ERIAEND, £DI2H, WMEDA %
SZIZ LoD, HEOERKRAZ KR L CHlETE
T EHEHEELE,

K2 IZEARERTHD TUFRIIR) & g7
ARk ofRFE~HEEZ, K3 ICtrtT v &2 5Rd, 28
A TTERIT LS O F AR WA & FIERIZAME 18 [mm] . N
£ 15[mm] . £ & 200[mm] & L7z, UFSIBRIZHEG
DOEERZ— M LTt Bl LIERIRTHY . o
TARET A B A2E 30[mm], FEATHER 26[mm] DU
FOREREBRE U CTHERR LT, WESMIE, FEMHT
EEND TJEME ., T, TRt o 35HE L
7o fr B alBR & OREEMEA B D 726D faf H 50 [N]IZHE
— L7, ALy, iFiconTiERENT — L E
60 . 160 [mm] Z48E L. 3,000, 8, 000[N * mm] »DF—
AV NEH 2T,

30mm
26mm

200mm

X 2 CAE@#TETILTiEE

() UFRBK (F) /34 TRk

-52 -



i
K3 EABRKRESBHRETIL
() UERIBIR &) 4 Tk

2. 2. WERE (/14 THRK)

A TR OFERIL, 2R 2RO BRI N CAE
FRMTRE S & i3~ 5 B TIT o 72,

BB ClL, JeimEs a2 B I LIAAE AT 2
ZEEME L, SN A A RS B CEE LHEES
W EZMZ D Z & Uiz, SES T, CAE fEHT &
OBEMEM D720, TJEME . THTF), TRty o
SHEMEEL, K4DLEBYa— RKE/LT 50[N]IZ7
%X DK 10 BPREIRTEZ I X, BRAT L7z, REROIXS
DX LEE L MEOANM BREAIT 3 [EHE D IK LT,

KA BT B AT EAE & AL EORREZ KD
L7280, K512 T LI TOEREIZ 2T
FAEOOTHRF —VEMVMITHEZEE L, 72
B, OFT BT — PEHALE K O RIS DWW TR Z IR
D 3. 1.CAE fRMTHE R GEARFLRMNT) LV ED
TR ESBIZRE LT, oB. OTHT—T D
AWM ENZXT LT 4500 HEHWTW A28, JEME &
O T RRBR DO FEFIZ DWW T, B F MO Z R 5 7=
DI EHFOE#EAWCHET RETHDIN, &
TEEE ORI EH A TH D 72D D =12 %E
HEDOEEE LT,

M4 HEAE

(&) EfE () #af (B LY

®5 UVIHT—IHMAEE (34 THRK)

2. 3. BESOMEYY OHE

Ui, BB OETIZemA N BN NS D K
INCIRBE SN DI & R0, IRBEHOIRAE 2 fEsE L,
CAE fRHT D12 DE T NAERIC KBS 5 H ) Tl
oW~ 7 R BIE AT 5T,

~ 7 n BB ORBYLE %X 6 1277, &
PO % 0T HE 20 [mm] FREE SOOI 24TV ARG
HRFEE 21T o 7o, ERIRITIE 10% = v B /KIAIK &
AW 3IVI 30 D& CEMET v F 2 7 E{To T2,
BlE2IT, AV X ARER S AR N T 4 R BE A B
(GX-71) T 25 fF, BIHEF T3 L7z,

K6 </ O#RHABRAFFERAE

2. 4. CAEBWFiE& (BRI

TR BT I XA SRR TOMWT D Y X 7 % E B
WZFHIT 5 B TIT o 72, X 7 ICR TR AT £ 7
NIRRT, X8It DR E R, Rk
3.3 OWm~ 7 n BIER R DEEE &L
SER ORISRy N D Z L MR L0, F
22 oy OMRESTEEZHAIY . &S 500[pm] | &
5[mm] & LCHZEHEET Y 7 Lz, K9 IHZEH
AR, K1 0 lcH Rl A~ T, KR, S
Wiz ERARRE LTEBY, NEICFEET H2BE0
W NHEE T D, WIS G 2 5 FZEE s SHED
WEZFARD 20, Pz & R R ORI
HHLULE, M1 LR T L9512, 72E 0. 3[mm], FX/E
0. 8[mm] DL, FZEER72 LD 3FFHDOET L ZAER L
Too SESmINBE OBREESTIZM 1 21277 L 9
W, Wiz —i4 0. 3[mm] DEA " = AR S ARE
LETAERR LT, ESMFIEL, & bRENR T
UV ZRAMEL, 3,000N -mm]DE—RAL &
527,

X7 HEBRBHETIL

- 53 -



2. 5. WMEHR (R&EBIK)
B ER TOMERBRIL, LR OREICNA

TR CTORK DY A7 2 EBAICHMD B THE

W U7z, PESRM T THEME ), THF), Tty @3

ZfEE L, K1 3D ERBYOTHRY — VAL E T

H8 iftEELAR #%iRD 3. 1. CAE FEMTHS F EARTEARARNT) 12XV 15

() #iE () BERKEB (B) ELinisHs ONTEHERESEZBIF =V 1 b= 412250 T

FEREL O BEL Y L, E72, REBIZS
—V5. #—V6 Bk,

9o rhZEHHR

©13 UFHr—SlAE (BRRK)
3. HERUER

z B
3. 1. CAE s R (BEARWIKEEMNT)
\. 3.1, 1. /54 TRk
-y 1 40, JEME. #F, ALY o 3 FEEOEEE
% KUkt LT BER SR, EBr~s PR, KK (B
gR) EOT RO, e/l (EME) FZOT Ao Am %
ENBIEFIZ, —ETE 5 L2 R7=bDTh D,
10 hZEippmEmR Flo, BURKELEFZOTAE—TH, ©— 7 &
ERI1IICE LD,

K1 4D0FEOTAHSAKNG, EfE, RTVITE
HEW TIE A T ORI TR —DOT HBET
L0k L, AR I E2% 0 5% m &
Hiff CEOTAHOMIMEN R K E 72D . |l TITO
PHRBLRICENE & BHERTE 5,

F, B1OE—IEEE—Ifi@ENS, ALY
K« BN EOF B0 — 7 AT 5 i

-

11 BELGEAR NECZ &, i idkm e Bmo v — 7m0
(k£ : %E0.3mm, % : 5%/ 0. 8mm) THSHENF U Z & DR TE 5,

PLbEX v, hiFfrEOEm & EimOxHI 72 HALE
WCOTHF =V R TRETH D, ZNEHE X,
K1 5ICFEOTHRY MV Z A FOFRE L Eif
ZXHC U CRIR LT, B OERAERE KB LTl
ET D702, OFTHT =V ORHIEEK 1 6 D
EOWIRE L, £Z2IREFETHESNLDIOT
B e TR Uiz, RHPIZIIMHEN S LL 7254
BREROHEICREZL LIZ, ZOFETHNIE, 4

E12 SimAEELD TP HEE O/ B OMAE DN ST, i,
(£) EFILE (B HER N ORER, 47— VHIEEREOEFEICEY

FE DEARXOER 2+ 2 2 L8 lRE L B 2
bivd,

_54 -



(b) HAIF

(¢) ALY
14 31 THAK CAE fEMTHER
(EMGIEIC, BRAFHE. EERY MLE, R KE
VTFHHLHER. RDEVTAHDHR)

=1 BEEWMIKCAEBITOELD

= BRI T A | BN ER FU A
2| e [e-om ¥ —id
- E—SE E—OuE
mm ye ye
[E#E 000066 12 2HMEE a0 2HMEE
ghlf 0325 135 Edial 135 ¥
fay 0016 a3 2HMEE -33 2HMEE

FmE EmEA

(a) EfE

(b) HAlF

(¢) BalV
K15 FOTFHANY LILE

16 RETHVTAHT—CMAFE

£2 REFETHESNDIVTH—ER

RE £
LR
F=o1 | P2 | =3 | U4
FE# R S S
ghiS + = + < - <P -
Hcy + <> - = o+ <> -

3. 1. 2. UERBRK

JEME, #hiF, At o 3SFEHEO LRI TS
&K (BIER) FOTHOMAX., &/ (FEfE) EO0T 5
AR ER 1 TIORT, £, EOTHO E— i,
VI B EE 3ICE LD, JEME, B, Aty
WFHOERERICBOTH EOFRIIRETE —
JEE 72D PR CE e, Fe, dF, Al
WZOWTIE, =2 lRWF &b 2 LN gho
2o ULENS, UFRIBREFFOER SIS 50
FTHT—VRET, REECHAA I e DA

- 55 -



(i RSk | By

Wiz, 7=V T ERFTT 5720, Aty o
GADEONT AT MKEK 1 8IZRT, il
£5LEFOTHAE—IHEZRT R TIE, @5m &
FEAET 2 HRANERNTHY , —HOHOH|
ENEYTHD,

X1 9ICUFTRIBIK E A TR ORKIEOT A
DA ERT, UFRE» S B L@ Tk,
WA DOOTAEITIFIEELL, K1 8 DEVDTHN
7 MVERH ALY TEZD L IFIFEME R VAR
DELTNDEBZBND, > T, REOHE L
R BN T ALE T, N1 TR EFREOOT
HPEEAT 2L, B ORE L) 2 7 &
S UTRHIA TR B L HAE RS, 22T, R
TN EETROOTAORBRIT, K1 9 D5E,
231[ne 1/33[ne 1= 7ML BM, ZOM/BRIT, U
TN EERHEROMAEDRIZEIDZEEDO LT
EERTIREL AT D720, BETMEZ T2 LT
HERREL D,

(a) EHE

(b) HAIF

(c) Rty
K17 UZFyRIK CAE fEHTHER

() BREVSHAM (A RNEVTHAA

£33 UFRBROFLD

BAGRR EUTH | &2 E0TH

P el | ey | B2l | ey
uE g ue g

[E#E 38 REE -12 RER
sl 214 RER -214 RER
Ly 231 RER -231 RER

K18 FUOTFHANY LILE
() 24K () KR

19 BRATUVIHHHH
(£) UFRIK (B) /34 TRk

3. 2. MEHBRBER (1 TBK)

JERE, #hF. At o 3FEOZE AR LT
BONTZAREREZK2 012, MEE—ZHEEFT—
MLEICBTL20THAE—7EE2RAICE LD, £
7o, fE & OB EBIRAER DS V) 3L L RRBR D &
ELTTATL LB TE D70, BRSO 247
DR L L THE-OTH#XE M 2 11287,

JERMERER T, &7 —2ICBIT 2 0T A E okt
EIE5E U < 2o 7o i3 VAR D J5HAS CAE iR (R 2)
TROLNRRE —ERR T, FE-UTHRXD

- 56 -



FEBIREFRIZA D Lo TR BT, BE LR L 1372
BRho Tz,

TR CIEX 2 1 (b) (R T@Y ffE & O
F D LFIBFR D HERE S AV, BT O F b CAE fifbr (£
2) THLNIMERE—F LR, ¥F—U 2 Offixt
EDOHME Y HEI NS o T,

NUVRBRIZBWTHXK2 1 (c)IZRT &Y A
BHEOTAOWHIRBESHERINTZN, F—U 28
X OV = 3 TERDIFRN CAE gl (£2) T
DN fER LT B Lo tm, BT
RBROMBRL —FHLTWBZ ENnDL, MRl
VER LI LT, HFOEZ L Nb - -HEA07A

SVl e =2 e =3 o =0 e fFEAR

8 : ‘ :
6 : =i
1] P > b (I
. b =20
5 o T , ¥ =
b= P - .
e . : o[ 0E
ﬂ‘? 3 § r %‘.,E
o 2 >
1 ': . 40
by W* Vrmd 50
-8
-10 ~B0
0 10 20 a0 40 50 60
PIEREE] [s]
(a) EfE
CHE—P] AP0 e HF—U3 e HF— - EI
60 0
1 — ~ —
pr— : oo I,

O 208 [ue]
__jT
N NS _.i -
J
’
: =

A."‘ H b | \ i: —30 v
20 — : —
i : ‘
o e | L -40
-60 i l A el | b0
VT W
80 60
0 10 20 30 10 50
MERE[s]
(b) HAF

SVl e =2 e =3 o =0 e fFEAR

60 —\ ’_1
10 —
20
i ]
o 2
20 :
= ; H
-10 H J
-60
-80
0 10 20 30
TERERT [s]
(c) ALY

20 WERBER 1 TRK

ERIZIoTnDbDLEEZLND,

STHOEARUTI T, CAE FRHTHRE B & 13—
TR DAER L 2o T RRIXEE R AR LSS
2 Hb, JEMEIZBW T, JEME T M O 0 B %
Mz 5 ENFEFICHETHY . iFOERLIND
DM IR L 1372 By o T2, EE S 7k
BICB W IR RIE EZ AT b 72D, Ao
BUCHHERIE R LA TOLERE LTEBY ., BaEE
ELTEEENTWD CAE fiffr & B2 Dk RIT -
FboltEILND, FEFHENATOMEL 0T A
BOMRMEE L0 EMEICRkD 5 7-01cid, BEHRE
KO O BBRF B LETH D,

CHUL B2 MU - H—

0 3 &‘Nx”
-10
-20
=
1 -30
i“;‘
-40
50 |
-60
-10 -8 -6 = 8 10
U2t [pe]
(a) E#E
B i SR - BTt ST
[}
-10
-20
z
i 30
g R
-40 I’L
&
50 5 ;
60 ‘
-50  -40 30 -20  -10 0 10 20 30 40 50
U 2 &t e
(b) Hlf
B o TR - IR B
0 .
:
-10 i
-20
=
iz —30
i
40 X
-50

-60
-0 60 50 40 30 20 10 0 10 20 30 40 50
OB [pe]

(¢) RLY

K21 FE-UTHER

- 57 -



®4 FERRER A TBRK) OFELD REBO R 47. 8[MPal L W /NS WS BEEEER LR

st | TEN] 0T Bl (o) FEREN 0, REBE RSO 27 0365 &%
= (Exf)fﬁf Foyplpeva Al xBRG. TS 2AMTCH A LI CAR AR A HEE
T B T P o B ZIBEHRAS R EN D, ‘
fal Y 52.1 26 36 -85 -95 AEETIE, RELHETORTIEIZONT,
AL —HOWIH TR 2252 LI2h, 4RI,
3. 3. FEHSOMEYY OBERR LV FEMARBIRESHENLETH D,

B2 2icWrifi~ 7 m Bl R 2 rT, BLE Db
BB & SeIRER ORI & 458 [um] | 18 5. 3 [mm] 0D 1 ZEH
DINDHZERbhrotz, EEKEIZMA T, Z0
fE R % CAE fENTICEB T 2T MERRIC K S5 Z
IR ERBTEWNFERZGD Z L nlifF SN D,
Fo. WM OEEZEHERE VIR LTNDH Z &
HHERS ST,

23
M24 HRERATHEE
22 </OHEHER (FRZEEZ L. SimBEEHILEAR)

3. 4. CAE BBHER (HRRKE)

XU OIT, B2 LIS %X 2 31277,
T RAREISS (B8R AR AR LT, REB
LT R E RISANELTTWD A, ZHTEATE
WRIRHT & RE O TH D, JesaaB ORI END
I CAE fATIC BT DA OB B TH Y . ERLG (A) 3ZE 0. 3mm
TIXBEHIDECHT- DT, WEE D A7 ZEi D
KGN ET D,

B 2 4\ ZJesmffll 3 2 RS HEER OIS T 3 & 7R T
Seuifl A IR BRSOG4/ & < Tkl U A
VA= AN

DB bR Y 2 7 MRE W E R B 5 REIC
EHT 5, (B) %%/Z0.8mm

2 5%, R L& ZIICHEEET 2 deimilih O
EO 2 FNCE B L KFIG MK Z R LIS
DT, FEE0.3[mm], FZE 0.8[mm], HZEHR LD 3
FHOLGE R LTz, TNENORKEEZ, £5I12
RLUTE, WTHOSHETH REBIZFEEO DA Z R L,
BRRXEIXIZER U TH -7, —F., WEEITHZEY
NDHEAEX. 2R LOBAICEATEL, &

B /NS WA EVMEFI B ST, (C) HhZEEZL
I 0. 3[mm] D YA OVEBEBIR A 35. 5[MPalld, 25 BRELNOLR

(B) REF (B) SimdbamAlEHELR

- 58 -



£5 HEMRETILEKRIGHDLER

Iit: 73 (MPa)
ETIL RER BEED
=AE | ZX{E
5%££0.3mm 478 355
5%[20.8mm 48.4 28.0
iz L 48.2 23.3

3. 5. MEARBRKER EHEBK)

JERE, #hiF, AU o 3SFEHEDOEFAERITKH LT
BonERE K26, MEY—7EEET— UM
BIZBTLH0THAE =LK 62, REEEEH
DOTHDOERER TICE L O, -, AR RE

CH—UL K= e A3 AU e F—PF e HF—U6 « Rl

100 ~ ]
80 —J
-10
60
-20
= 40
= —
L I -
= } 305
N E
50 -
H -40
0 \ \
- N“-M b0
-10
-60 ~60
0 10 20 30 10 50 60
HERER[s)
"
(a) EHE
CH—PL S H—UD S H—UF e HF—UL e 4 —UB H—U6 BRI
300w 0
250 ﬁg . 'IM\! -
200 o / \ -10
: "VJ
e H fan
S 150 § “15
i H =
& i =
L 100 $ 20 %
=} H
:
30 i -25
0 N 30
50 -5
0 10 20 30 10 50 60
HERER[s)
(b) Hlf
CH—PL S H—UD S H—UF e HF—UL e 4 —UB H—U6 BRI
450 L 0
400 ] h H
350 =\ rs
. i
w0 /™ \ -
§ 250 S _
= 900 ’I! -15
= ; o -4
N E
“ 150 e W
-20
100 )
50 -
0 ane
N ! P‘ Ty M
-50 — I -30
0 10 20 30 10 50 60
HERER[s)
(c) alVy

26 MERARER (EABK

- 59 -

DFZHPEOHFRE LT 2 7TITHE-OT BN E
T, B BMERAUT AR E ol T
B ENRZEICZRY . HFRBR, R RABRICBW
THAM LRI AN T LE > FHIBRFA LT
D, #FRER, R U RBROREM T 30 [NJJH
We Lz,

2 T BLERBRICB W THWE & O A0 BRIX
BRUAWHIRERIZH YD . REBROZ YR T
oo AN XY X RRICM T ENR TS ET
BAMOBRICEE LW Z EnbY, =V 5, 7F—
V6T HOWT—EBBIRR AL D N T2 A i o T

JEAE, B, ALY oFRBRICHENT, Wb

CH—PL UL e H—U3 S H—U s H—UE s S0

(a) E#E
B e SR R R R e T s
0 =
5 I N L
j Joe .
} L
-10 f
_ L,
E 15
a0 x
95 |
) \“
-30 =
-35
-50 0 50 100 150 200 250 300
O pe]
(b) Hlf

B e SR R R R e T s

=50 0 50 100 150 200 260 300 350 400 450
O pe]

(c) talVy
K27 RE-UTHER



OTHEITIRIBTRAE 72D, BE R & OFFEIT1

Ol Loty T DOREHRIT, U%ﬁ/ﬁkwﬁ/ﬁé
RKOMAEDLHIZEIDZERDO LT I 2RTIEEL
BRI DD, ALy, i, EROIEICRETO
EWr U 27 BNEWZ LN ghnotz, Fiz, £ 6 OfE
RIT. CAE FEATHER CHRONTMERTH (M1 9) &
U%ﬁ%@ﬁ%kﬁOﬁo;@ﬁﬁﬁﬁmﬁﬁK%
B HH OB E DB RE ORI R & 72
oTb\ét&)&%z%héo SERTIZB W TR
ORME BAHRICEETS720, ERBRO TN LY
LD LWEERNEONTZbDEE XD, RERIZ
K VBN FE R A S CAE fRHT O ¥ o 5412 S ke
SHBHZET, KERFBIZEWVERERDZEN
MrEsh s,

x6 FMEARBER BEABRK 0FLH

TR Aoy T [N] U9 Fim [pe] (B — 7 i)

7 (=27l | = 1 | =T 2| =V 3| =T a4 — V5| —V6
JE -53.2 9.8 6.3 -13 -9.3 88 95
i -30.9 19 9.3 -22 -7 247 279

ney -26.0 12 23 -36 -10 176 107
£7 RELEEEDVTHDEE
, O F B[ pel T8 DB
TR ~ —
T lagE 2 | rREm =&/ B
e 9.8 9k 9.7
i 19 279 14.3
Rl 23 407 17.9
4. #E

ARFIETITIOTARED R U 7o 5L o0 25 8) J OV
FERFHIIT D720, AR L’Db\’C CAE fi##T L Y
ERBR AT -7, F2. BRI OWTIREE:
%K%EL\%%%®7ﬁﬂﬁmﬂmﬁﬁﬁUﬁE
AERIZ Z V1 U 2 7 OFH AT o7, ZiLH DO
RGBT O NG HNT,

O CAE M7 B ONONT A7 — 2 % B T fif B R A
Bt [EME, i, AT 0 oFEREICKH L
TGN ED X D 2 BB 2 RT3 0o
oo Flo, MEEOTHEORRNE o7,

@ BEMOWmBEMEENG, FERIRHDH Z
LGy Ino T, F Tz, CAE fEATHE B & Zei oy
D7 WGA X0 HZEE SN H 555 O 703k
WrU 227 |, FREN/NSIWERHEE U X 2
NEWNZ ENGoT,

@ CAE it e OMaf ARG R 2 i+ 2 & T &
BRI EDOEN o T2, fERARIZBWNT
I, BER AL AWM FEOBREICEY &6
\CIEREZRE & OTAOBGRERD D Z &1

- 60 -

EEN D, CAE T I B W TR e 7 1
VERRIZ L BT — & % BT — 2 5 7 Bl 52
WRNIOK IS Z & TR ERFIZTWE
Ra5sZ RN S,



LR [ B R T O TARERFH D72 D CAE #E ik

Application of CAE for process design of semi-solid casting and forging
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Simplification of polygon mesh to shorten tool path generation time
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Comparison of outgassing from vacuum components cleaned by different methods
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