FS R 7155 S04 Vol.9, pp.141-150 (2006 4 8 A)

PUEMAE SR & R\ ol 2 f S B ES O B BI%

A NUMERICAL PREDICTION METHOD FOR ARBITRARY-SHAPED RIGID BODIES’
MOTIONS USING TETRAHEDRAL ELEMENTS
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This paper concerns the numerical method for the motions of complicated shaped rigid bodies

which consist of tetrahedral elements.

Using tetrahedral elements makes it easier for us to

aquire the exact volumes and inertial tensors of the complicated shaped bodies. Furthermore,
this paper discribes how to probe the contact point between the bodies and evaluate the contact
forces. The System Energy Minimize Method(SEMM) is applied to evaluate the contact forces.
The motions of the bodies are solved based on Euler’s equation. Although the validations are not
carried out, the proposed method has predicted the motions of complicated shaped bodies such
as coins, columns, and rings. This paper concludes that although the proposed method is in its
infancy the insight of the proposed method is bright considering wide range of its applications.
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BRI 3. ROPICHIENERSL D, ENThhiast
LHo>TWEERS—RNERRE 0l S LERWT
BUEANC IR JEWELITOFIEL & 5. 7720, pldl
HREBT B, kIZFNFNORMRORE S 2%
BS BIBHE, m(p, k) $EMRZHERNT 2HEETH D,
m(py, k1) = m(pz, ko) THNUZE, Witkp, O ky FEOD
Bl U DSRIR po D by BEEOBEMHE—HLTWVWS T
LEIRY. shy = S(m(p, k), 1) &5 ZRTTOESZH
B9 5. i 3BAAOOARMDOEDZRTIIETHD, 1
Fild 2 ThHB. AR, EY—RABRRNOMHLDR

ICDEHARTS. E5IC, Hesslan fTAICHEM T BB
YK ZHET3. COkE, FNFhOEFTOEZEL
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LFDE3c 0l L TES.

K(m(pyk)ailam(paj)7i2) + =
*;tg

T %5t . T, *ii2 U 31
Yok Jp;kjyp;j + Y Jp;Jkyp;k (36)

D(m(p7k)7 Z) + = TQp;kY;;i (37)

72U,

k=G Vi=dw (39
THB. £ FOEF i 1&, ZTOYRERS p HEHORIKD
kBHOBMATEREINSEBTHEIERRY. +=
DFEFCIE C FREDIEICHS LD LT 5. 1L (36),(37)

(a) t =0.0 I (b) t = 0.092
f

ERTDp,k,j,41,10 KDOWTETT B E, D, K HE /

b3, chickh, RE—MMNZHBICH L TR =z \ F——

TOE—RABRZRTIERN LICES.

KS=D (39)

#REL, FEROBHG q & dB—IORTOEREDHE
FTE%. q=d, Fhkidq=0%,%3&, R(39) I (c) t = 0.112 (d) t = 0.132
RENBET—RKARRDOS VI THEH, LD T

FIEICIIE T — KA RROFDNEERE N TR, B /
N—RKABRRDOS V7 OEABRBT 5V ESIC, B —~ . —
TORIEE T EMADOF AL L TERSAORE

ZE/L7-.

6. RBEFESH

6.1 BETTZAAKICY (e) t = 0.152 (f) ¢ =0.172
TEM i & 5 EEFRRRAEOEH OFMEFTER & L / / /’ /

T, NARREOOA OETHEZERD L. B&
RATIRE LT, 2y~ —025pya I VBXT

/

_
£ 2 RO 3paise T4 VST UKL S 5. 1101 \\\ \\
VORETTRRY. £z, EJTINEEX 98.0[cm/s?), KR f \ (. \

ZAiE 1.0x107°%[s] & U7z, #flIEHiREIC iE SEMM

ZHRWVT.

AR —l 1.0[(}1’1’1] DI FFEROAERICRREE N, (g) t = 0.192 (h) t = 0.212
a4 VIRR-VITRENZFHLE, THELIEDS . ’
HETETY 5. AERREE-14IRT. B-14 107 ﬂ /

A ¥ DROET T & #fh UM Sk s@ghicany
EHERITVRRNICEILET S, chbo—#EHOEEIX
HENZREICES D TH 5O TEEMICIZYIER
KEHBELTWVWSEDLEZ 5N, TEM I X 3Rl
HEORERTEIC—EOFMENRD b, —AT,

NBHE>ic, I VBIHEORELEMLIG, 2 _m__{\

B EIERIE T O A Y AVKTRIRED 5 TR T (i) ¢ = 0.232 (i) t = 0.392
BEERAHERENTED, ERALTELEDET
FROFEL LI, 14 ALY ORTED
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R-1 I VDT

BE 0.15[cm)]
mE 0.1[cm]

Euler A (¥1H#A1E) || (10°,80°,10°)
FIEAE O E (0.5,0.5,0.7)[cm]

6.2 ETIT2YUVIENAR

BIEI TR AR EATER T AR - 120, &
Hi TR OYIR D EME RO D 5 EE) T B REE
S5, —kEOYMEIZY VIR TH S, MEFESR
TYVITRBRT 5728, FHECIEY V7 TiRAEL, [E
TARAFEIRTH O iR EASAEOMETHS. T
O, WEIRTIR WO TTay ZJOMEEIcE -
THIRERT 20BN H 5. HEE, RHEFTIEY
THRARENES U THRZ RS —thD Ty 7T
5. A—FEROTy 72 \EDEEGDbEBT LI
EoT, UVIBRZEELTWA. R22IKVVIE
S UESRAREOETERYT. ENINEE B X UL
L TRATHOE L AR TH S, EiHmE
IZid SEMM Z Wiz,
FHEMEEIE—Z 1.0[cm] DILAKEDOHIICRES N
V2 T BIURNAFRE-2ISREND VRS, P14
BEOMIBMSHHE T 5. HEBEZN-15IRT.
H-15 lRENB X DI, FRISAEENEIL, Bicy
VIBARAREAROKEICHEN N LHEN, BEK
T Y v &7 e SARR EWICHER OB S T Uk
HoEIET 5. YA EROEMSERFB RN B E
B9 AMERECARYTE—T Yy h e LTWBIE
THY, TCERRILDHHO—DIIEREINIZLE
AB. Fle, —HEOU VJERAKRDERITHENK
BRREICES LD THAOTEENICIYIERS 2 HIR
LTW3EDEELZLbNS. ERNAIBEEEINT
WA, FificEEE TEM I X % BEES OB
BIC—EDHEMENED S5z,

7. HHOHIC

AEI T, WUEAERE N TERER S NAE
BEIRRIR OBz 1 5 E OB BEEIC DV THR
MU, BIRERKKELTE, BEA7oy 70M(E
DRICK > THEERRERIRT 2 7EZIRD, #idh
FHMITEIC DWW T SEMM BV, AFEICE - T,
BIRR AR OBl THARS 5 & 5 ik oEs)
PEERTE SN, BENREEIGIVETEBRMES
N3 ezMR LUz, SHEEERMTIEOD T TIEMER
ETEIETH S GIK i 0 HWIFHEMEOm L,

(a) t = 0.05

N

(b) t = 0.06

(c) t = 0.07

N

(d) t = 0.10

15 U 2T ERAEOE THES)
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£2 VU VIBIUAARDHET

vy
& 0.15[cm]
W 0.05[cm]
Euler f4 (#]H#{E) | (0°,110°,0°)
FIHAE.OAE | (0.5,0.5,0.3)[cm]
AR
mE 0.4[cm]
W 0.05[cm]
Euler £ (#]H{#) (0°,80°,0°)
FIAE.OIE | (0.5,0.5,0.3)[cm]
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