
The Japan Society of Mechanical Engineers

NII-Electronic Library Service

7KH DSDQ-ࠉ \6RRLHWࠉ RIࠉ 0HRKDQLRDOࠉ QJLQHHUV)ࠉ

''+ࠉ���� ⏝ᑠᆺࢫ ࢫࣛ ࡢẼ㍈ཷ✵ࢺ ≉ᛶゎᯒ᭱㐺 ㈥ゝ༑

㦴ࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉ ṿィ ୍⏝㐺ࡢ

&KD㣐 FVࠉ$QDO\V⤥ DQG 2S⾑QXPࠉ RI6UQDࠉHVLJQ'ࠉ ─VࢭH7ࠉKᕝ 6Wࠉ$LUࠉ%HD⾑OJ

ULYH'ࠉL6N'ࠉDUG+ࠉIRUࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉ

⾑WW㸧43ࠉѸ$S3OLFDWLRQࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉ XࣟP HVLJQ୍'ࠉ

၏ᚿࠉ㸦ṇ㸧㞴Ἴࠉۑ 㸦ᮾᾏ㝔 ࠉࡺ 㸦ṇ㸧ࢽࢲ ࢚ ࣝ ࣛࣈࠉ ࣄ ࣒ 㸦ᮾᾏ㭉

ࠉࠉ 㸦ṇ㸧ⴠྜ ᡂ⾜ 㸦ᮾᾏࠉࠉࠒ 㸦ṇ㸧ᶫᮏࠉᕧ 㸦ᮾᾏ㸧

ȫ⯤ b  0 㸬�b 㹙b
㸪㗟 㸦b P 㓴 b b 0 b

7GNDL8KL㪰ࠉࠉࠉࠉࠉࠉ W\㸪����.Ꮧ᭤ H㸪ࠉ+LUDWVXND㸪ࠉ.DQDJDZD

DKࠉWKPVWࠉURRYHG*ࠉࠉࠉ
⏥EHDGQJVࠉDUHࠉZLGHL\ XVHGࠉ DQGࠉORDGHGࠉ\OLJKWOࠉIRUࠉ \YHUࠉ VSHHGࠉKLJKࠉ PDFKࠉ Q୕H,\㸬ࠉ+'' RQHࠉLVࠉ WKHࠉRIࠉ

DSSOLFDWLRQVࠉRIࠉWKHࠉPDFKLQHU\ 㸬5ࠉHFHQWO\㸪ࠉODb HU VWRPJHࠉ \FDSDFLWࠉ DPGࠉ VSHHGࠉWUDQVIHUࠉKLJKHUࠉ ''+ࠉIEUࠉ UHTXࠉLVࠉ 㭉 G
㸪
KHQFHࠉ

K\GURG\QDPLFࠉR ⋢OࠉEHDULb VࠉDUH DGRSWHGࠉ 㸪ࠉ+RZHYHU VXFKࠉSUREOHPVࠉVHYHUDOࠉKDVࠉLWࠉ DVࠉ WRUTXHࠉWK&WLRQࠉKLJKࠉ DQGࠉ EHDULQJࠉLRZࠉ
VWLIOKHVVࠉGXHࠉWRࠉYDཁ\ࠉWKHࠉRLOࠉYLVFRVLW\ࠉE\ࠉFKDQJLQJ ࠉWHPSHUDWXUH㸬ࠉWKHࠉ ,QࠉWKLVࠉZD\ 㸪ࠉG ZKLFKࠉEHDULQJVࠉDLUࠉUXVWࠚ PDNHࠉ XSࠉ WKHࠉUࠔI㸦ࠉ
IDXOWVࠉLVࠉYH,\ RZHYHU+ࠉVXLWㄔ㸧�H㸬ࠉ 㸪ࠉJHQHUD8\㸪ࠉWKHࠉVWL㖍KHVVࠉRIWKPVW ∐7KHUHថ㸧ࠉORZ㸬ࠉLVࠉEHDULQJVࠉDLUࠉ LQࠉWKHࠉGHVLJQࠉRIWKUX6WࠉDN
EHDGQJV㸪ࠉLWࠉLVࠉLPSRUWDUOWࠉWRࠉPD[LP ⋢]H RIDLUࠉVWLI㹙KHVVࠉWKHࠉ 㖀P 㸬ࠉLQࠉWKLVࠉSDSHUࠉWKHࠉRSWLPXP RIJURRYHࠉGHVLJQࠉ V,QDOOࠉIRUࠉ\JHRPHWUࠉ
VL]HࠉWKQ6WࠉDLUࠉEHDULQJࠉWRࠉPD[LPL]H RIࠉVWLIṇKHVVࠉG\QDPLFࠉWKHࠉ DKࠉ ୟOPࠉLVࠉGHVFULEHGࠉDQG FRQGX&WHGࠉLVࠉDQDO\VLVࠉ9LEUDWLRQࠉWKHࠉ W2ࠉ
FRQILUP DQGࠉ\DGDSWDO㸧LOLWࠉWKHࠉ HIIHFࠉWKHࠉ RIࠉWLYHQHVVࠉ RSWLPL]DWLRQࠉ 㸬

່ \ ─4SWWPXࠉULYH㸪'ࠉLVN'ࠉEUGV㸸+DUGࠌ 'HDJT ⾑HD%ࠉDV*ࠉ7KUXVWࠉ JV㸪%HDb 㸪1ࠉXPHULFD⋤$QDO\Vㄅ

ᘭ㸬ࠉ ரQW RGࠕ พFWᏗRQ

UHFHQWࠉQ,ࠉࠉࠉ UDSLGࠉ \WHFKQRORJࠉ QRYDWLR26⾑ࠉ IHTXࠉLVࠉLWࠉ ᅡ IEUࠉ
LLLO=ࠔUPDWLYHࠉ P ᡙ LPHGLDࠉ ,⏋ HGࠉGHYLb Vࠉ WRࠉH⾑KDQRHࠉ VHYHUDO

FKDUDFWȘLVFV㸬ࠉ(VSHFLDOO\㸪ࠉ+'' 㸦KDUGࠉGLVO㸦GULYH㸧ZKLFK \ZLGHOࠉLVࠉ
XVHG SRບࠉDQGࠉ&3ࠉIEUࠉ OHࠉDXGLRࠉLVࠉH[SH ȪWHG 㸧ླྀ b HDVH VႏࠉWKHࠉ H

FDSDFLW\ࠉ DQG ࠉ W⏣QVSR 㪤 RQ63ࠉb 2Gࠉ OQࠉ WKHࠉ ILUWXLH㸬ࠉ &X ⭊ ,QL\
㸪

K\ࠝLU㸦;L\QDLQLFࠉRLOࠉEHDOLQJVࠉDUH XVHGࠉ ''+ࠉLQࠉ 㸦�㸧㸬ࠉ+RZHYHU㸪ࠉEHFDXVH
RI RୟࠉXVKOJࠉ DVࠉOXEULFDQW㎷KDVࠉVRPH ⩱IEUࠉSPEOHPV㸪ࠉ PS 㡞H㸪ࠉKLJK
LୣF။RQ WbࠉORZࠉDWࠉORVVࠉ SHრ 㸪ࠉORZ ᭤ HVV  KLJKࠉWHPSHᬤ⾑ UࣘH

DQG Rࠉ ─LHDNDJH⾑ KLJKࠉVSHHG RSHࠉ ⧛ RQV 㸬2ࠉQ WKHࠉ 㸦Ἔ ȟUࠉKDQG㸪ࠉWKHࠉDK
⏥

b JVࠉDF EbࠉDSSOLFDEOTࠉ\KLJKOࠉ DXVHࠉRI X᭤ࠉ JࠉDOUࠉDVࠉOXEULFD◞

DQG \PPࠉKDVࠉLWࠉ VXFKࠉDGYDU7WDJHVࠉ ORZ㛏F┤R㤿ࠉDVࠉ ��ZࠉQGVH 㸪ࠉDQG
OLJKWࠉH㠃 U4QPH ጻ࠙ ORDG㸬
S㦌ࠉW㥒VࠉK,ࠉࠉࠉ 㸪ࠉZKLFK FRUUWLUQLRXVࠉWKHࠉLVࠉ UHVHDUFKࠉ RIࠉ SUHYLRXVࠉ
R  �㸧㸪 RS 㠃P ບ RQ ࠉ RI WKPVWࠉWKHࠉ ⨂ EHD℩QJ 㛗㸧Uࠉ+'' ࠉ DQG

YLE 㸟ถ LRQࠉ G b ȘHK b FVࠉ RI ࠉ WKH 㔱Uࠉ R3 b ᅖ EHDULQJVࠉ DUH

⾑YHVGJDWHG 㸬

�㸬2ࠉS,LPL]HGࠉRI EH㡾ࠉ QJ

IF㸧PࠉLQࠉࠉࠉ ─ �D⾑ JࠉWKHࠉRS PXP RIࠉGHVLJQࠉ J㹙Uࠉ RࠞYH JH'PHࠉ 㥔\ࠉDQG

JUYF㸧YH 㹹P b VLRQ RIࠉ ⏓WKUX6Wࠉ Eᬉ ⼃ +'' 㸪⾑ Rษb ᜏYH

Iრ LRQࠉLVࠉG\QDPLF6ࠉWLIWKHVV㸬7ࠉKHࠉRXWHU㮰 XVࠉUᫍDQGࠉLQQHUࠉUDGK Vࠖࠉ,E㸪
ZG�KW :ࠉ DQGࠉ ⯤ RQ⤌VSHHG QVࠉ 㭉 JLYHQࠉDVࠉS,H㠃 EHGࠉYࡠ HV㸬ࠉ$V
ఞ WKH⯤ EOHᄊ 㸦UUࠉRIJURRYH PPEHUࠉJURRYHࠉGHVLJQ㸪ࠉ\JHRPHWUࠉ 㸪
JᕭD�㉠ XV JᗁࠉUDWLR㸪ࠉLGWK:ࠉJURRYHࠉUDGR㸪ࠉ RYH ZHࠉGHSWKࠉ ♭ VHWࠉXS 㸪2ࠉQ
WKHࠉR ⾑Ș b d ZKH ᭤ HࠉJWRRYHࠉJHRPHWU\ࠉFKDQJH6ࠉWKH63ࠉLIDL㸦[OUYH

LVࠉSDUWLWLRQHG⾑ R ⥘ SDUWVࠉLQWKHࠉUࠉGLUHFWLRQV㸦�㸧㸪㸦�㸧㸬7ࠉKH ぬZLOO

HVWDO㸧OLVKࠉQHZ QRGDOࠉ DQGࠉS2LQWVࠉ PRYHGࠉ ࠉFOLUHXWLRQࠉUࠉW4ࠉ 6HࠔHUDOࠉQRGDO

SRLྌWVࠉDUHࠉFRQQHJW2G VSKQHࠉ\Eࠉ YDGDEOHࠉGHVLJQࠉ7KHࠉI8QTGRQ㸬ࠉ YH&WFࠉ 㸧U

;LV㸦ỸୟQHG DVࠉ 㹹ࠥ㸧+RZV㸬

㸪ᑻ㸪Șࠉ㸪+Jࠉ�㸪ȭࠉ�㸪ȭࠉ�ȭࠉLS�̓ࡃࠉࠉ]ࠉࠉࠉ 㸪1 㸧ࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉ㸦�㸧

ࠉࠉ 7KHࠉFRQVWUDLプVࠉFRQGKLRQV YDULDEOHVࠉGHVLJQࠉIࠥ㸧Uࠉ DOࠉ VWDWHࠉGࠚ

YDULDEOH㤿 DOORZDEOHࠉILOPࠉPLFNQHVVࠉDQG FRHࠉGDPSLQJࠉ ⏣FLHQWVࠉDUH

QȪWጻ WR2ࠉ㸪⬮ ཀ U⧆ DVไ RZV 㸬

�ࠉࠉࠉ ࣭㸦; Ӎ 2㸦L㸻�ࠥ ��ࠉ ࠉ ࠉ ࠉ 㸦�㸧

ࠉࠉ  *⬮ GHドJQ 㗟 �b RI b ῶ 㞝 Eᬉ b EH
IHUQXO㣚HGࠉDVࠉIF㸧,ORZV

㸬㸬㸬㸬ㄌ

ࠉ

⮫

✲㸬͆ࠕ
ᄞ

㸬
ࠗ
㸬͂୕
�

ḛ
ㅴ

୷㸬ࠊ
㹚

�
㛐
᪥

▹

㸦D㸧ࠉ*URRYHࠉJHRPHWU\ ࠉࠉ 㸦E㸧3ࠉUHVVXࠉUH ⪏GLVWULEࠉ LRQ

LJ㸬��SWLPL=HG(ࠉࠉࠉࠉࠉࠉࠉࠉ EHDULQJࠉ

7DE ㈏HO6ࠉSb 㯝ⴷFD R͆ ─ RIEHD ⾑ �⍋

3Db HWHU6LUDO ࠉ RRYH2WLPL]RG

ȭ�㸪
GHJ � ��㸬��

ȭ�㸪GHJ � �୍�㸬��

ȭ�㸪
GHJ � ���㸪��

ȭ�㸪GHJ � ���㸬��

1 �� ��

5U ��� ���

 㸪ȣP OO ��

Ș �㸬��� �㸬���

1ࠝR㸬��Ѹ�ࠞ ᪥ᮏᶵᲔᏛ ���� ᖺᗘᖺḟㅮ₇ㄽᩥ㞟 㸦�㸼 �ࠝ��� Ѹ�㸬� �ࠥᶓ ᕷࠞ

୍���୍

1 ᕤᕤ (୍OHRWURQLR \LEUDU/ࠉ ࠉ


