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Four Stroke Outboard Motor F115
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Development of Digital Multi Camera for Surface Mounters
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A Dynamic Instability of Small Planing Craft at High Speed Turning

P FEZ Shouji Kanbe

OMERFE L > 2 — ERBERITAEE

£ 3=

A small planing craft that has V-shape hull and hard-chine is good for running in a little rough sea at
high speed. But it has been known to have various motion instabilities. From these, we may choose
so-called corkscrew motion, which was supposed to include roll oscillations (chine walking) mainly
and heave oscillations (porpoising) partly at high speed turning, as one of the most difficult problems
to predict its occurrence at design stage and one of the most serious problems for safety. If it happens,
the driver is hard to maintain his position due to large lateral acceleration and may lose craft control.
This report shows that this turning instability at high speed comes from vertical dynamic instability
at heeled attitude at turning, and proposes some criteria that are useful to design a new boat that has
enough turning stability. These criteria are obtained from the turning motion simulation program
that is newly developed as a design tool, which can judge the degree of turning stability at early
design stage. Adding extra keel to hull bottom is a very effective measure for turning stability.
Though its effect has been known from experience but it has been confirmed quantitatively by this

simulation for the first time.
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a3=-(CLp+bL¢)

a,=-cL,
Routh-Hurwitz®O L& &0, £HRKIEETIE
ToHac L,
gl + i ) (L vl )L+ 1 ) > 0 (1)
a,=-[(Iu+Je)Y, +(m+my)N 1(I,+]J,,)

St MLkl L > 0 (1-63)

aZ= [{(m+mll)Us—Yr} Nv+Yv Nr](I44+J44)
+[(I(36+J66)Yv+(m T mzz)Nr] L])_ (m + mBB)(IGG+J(iﬁ)L¢ >0

(1-64)

a,=-[{(m+m HU-Y I N+Y NIL,
(Tt 0 )Y, e m, NI L, >0 (1-65)
d ==l (m + o, U TN N L >0 (1-66)

L B EDIE G 6 &
%ﬂ@A‘MAQ
WrmEhsZ

:hBW%&w%ﬁde
b 5.k Nawing D&
(1-44) PWiZz E T RIZTEBINIC

Eitans. (#0682 WbvlabeTATE

TL,, L, 7ADETHEILEDERIHINS. )
X oIz, REFMHFRIEHRELDMESNMIIIAS

R | s el R il ol

a8 8 0, 0 (1-67)

409,900 Bagat > (1-68)
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X (67) &HZET L,

be(Ly+J4,)%-b*(1y+J )L, +abLi+a*L L, > 0

(1-69)
ZORLRID, A (143) (1-44) BEEETAT
WHITEBIMNICH - S NS 228 0» 5. K,
A (143) (144) X (1-68) % 7= ¥ X Rollingd

ANEEMIZECEVWEHETZ S,

2.3 feBEEE)O R FEHF O E A
B Il i 0D % AH KRESHEBT HREI YT
A—2 L LTCHBLEMBELET HIToNS.
(= %TMWHWO) 2 A& E DR TIT S DA
U THLI2ONIGHRES M-I REMETH 5
LR S N EaE @ e E e HIJU)X}\%&H ERN
60E X — YV L=IRRED _DaEA T, 2]
I D FRE I3 1 4 MLMOiéﬁ—/LﬂH“Ti
%Eiﬁ%ﬂhﬁ%fné % Z ¥ CREREM L,
i & R REBR P E 5 L 13H 2 12< 0,
1n PEDDEEBEZHEBL DO — LA KEL
BARPEREDONRVWERDIhSE, ZO%MH%
Wi 72§ DN EMED RERAE K2 & B L2608 Y
BDToATEREL ) BBIHE T L Dy —
A — POREN LM AT, RRKICKT S
RIS § 2 FHOORKFES S it F L 26T
H5. ZOFERIZE M. Lewandowski © A3E 725
R L St bhs
70, R6IEHELOFI RO ED L ERR &L
HlTHB. ZOXSICHIHE TOREREHOA
DH 76 S C BT O g Il 22 5 M A& Rl Mt 3
5_ Eoptise @ Lap b ey, v Bse e 4l %
ERO/NRIOWERIZIZE A E DA,
0.25 < KG/Bc <0.50
THY, £9 KG/Bec » 06 282 38Et2 7
BZLiEAV, 7, X bIEEALDEA,
030< Hes /L <040
THD Xoo/L 2 05 2BABZ LTV,
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17 feet Pleasure Type

1 Unstable

3 0~5 Stalble

0.2 %

2 25 3 35 4 4.5 5
Volume F.N.

KG : C.G. Height from keel
Be:Chine bredth

X5 Predicted Maximum stable KG

17 feet Pleasure Type

0.8 [

0.6 Unstable
) p—
S 04
5 Stable
e |

0.2

0

2 25 3 3.5 4 4.5 5
Volume F.N.

Keg : C.G. distance from transom
L : craft length

X6 Predicted Maximum stable Xcg

Bt > T, Wi E TORRIT L O ME O FE LN E
NEL DB H M (B - KO RS L)
DEEREEar D E DAy - B & e s U
fL\é/J\’E‘.!(J)/\~ FF v A YHEDRRGHZIZ AL S
Thd., TOZLBERICERTHEMRRICZ -
AERE LABMEEI AL AETCAEZD,
BDAEYLTLES>EDARELZEGERT /D
MDN—FF x4 VEIZDOWTERROREFIZE
beTtH@L T, il lEInTl
23S ERh s T UBHITHRE 75‘\
Trim-flap% TRHEIFIZHED b V) & ZFH FIFIC
FZRED & 5 B RRHHRAEHETTIRZ @/mm
NERDBETHS. (ZOFXr—ZATRELENL
AT 2B NIONERKRELS ThE720I1I0)
MLEEERDZ N B Kb LHfiEEh 5.
X117 % )
] sEBORE

A TR REzESIEN—-FF v 4 VoA
DUTEME A R &4 2554, 1 if g ] #2258
HIZDODWTOARS LD TIIESTHSELIES
AV, ZOBEMIRZENEERHTL TS L ZE
rtyréUif<ht®u K3 T/R L 7= M
WAEHS ARG L 22 BIRUEERCTH - 7=,
COEBRTIEIRKEL L — L XELLBOERFTT X
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b C pitching HH DKM T 27 —ZAH L HH
Nz, ZOZEEDEERICIIHDOERIZEZET
HoTd, ORI —LFTBZLICEDHtDR
EMELEDNIDTIE W EDOHERAE S Nz
DT, B HE TR0 25 P 35E ] I oD ¢ 8 B
FhEEMLUTHARBZ LICL 7,

3.1 HEOREHHIX

08 L Al - i BE Il L) & oo R RIS D e &
LT, ETFHhesrho ~EHHE o) % Mo
LCHLD S . HBERIEZE7ISRT LS ICEAKPT
i S CREIT 5 DL 45, M) R,
(A:;:&A:;:')\‘ C ,B:;:; B:;s‘i \( é’ ‘ . i(C:;:x C:&s\‘; { é’ w‘ A

142 el P bo3 (2-1)
|AssAss) o) (BssBss) o) 1Cs3Css) L()J

T ZT A RO R
Bii : JAED W) R EX
Cik : NI EL
(Iis% & 5 9 DidForce & Moment % &4 5)

EROMMEf5 & kE I3 IEOrdinary

Strip Methodic Xk O R ER B ® . 2L, 22X
TmO R eDEBRTERTE I ICe - 1Lz
IRHED Z T & ) Frank® Close-fitik (V) X 0 it 5
Ehd, BERIMEIBEHEHEELNICESE30T
b0, BBEZWHTHOA @ ICX55EELD
MERtE RO ENDE, £z, MHSE ® 2X35E
EFRENEE NS ¢ B33& kL FREIC & B HifEh
BRI 1 ¢ B53IdStripiEic kA KT v v b
HRIESILSRGFEITRAEST, Bhicks
W akEESTH0ENH D, STk ® 12511
X BREFENIREE NI  B44d KT V¥ v L
FODXRHOTHBEREINTNS, 5T, |
fHOR (1-47) OLplc Z DI X RN
WENEAEMAS.)

¢ = heave

0 = pitch
Us
Xo — T
st C ("P_ {/—%:‘__.x —p
lZu =

zZ l;’ ¢

7 : Running trim 0
¢ : Heel angle

X7 Coordinate system for vértical motion

ZoHmhicksWENER, Bhick5EE)
a2 2D U POESICEDENRS,
1

anaC3> (2%
e }
Bs:facss (2-3)

X (2-1) TERIIMOMEB)OZEHHIZZ DX
777 2ABBLUTRUESEAERDZ L ©
AS=aS*+a S3+a,5%?+a,S+a, (2-4)
&0
8=l A= AU
ai=A B #R B AL B A LB
a,= A:a:; C55 35 Ass C:a:s +Bszz Bss B A:;s Cs:s -A 53 C:as' B:;s Bs:;
a,=ByCos+ By; Cyy- By G- By, Cyg (2-5)
a,=C,C.- C.C.
Routh-Hurwitz® %5 ¥ G F L 0

B A U (2-6)
ala:‘i o ~
'aoaz Ay (27
a,a,0 |
thteadl ) (2-8)
Oala?» }

Z YR (26) , (27) , (2-8) HRYTH B 2EL
A RS B 72 ICHEENTUERF OMENIE, $a8DD
R—FKRA PV IOREDHEEERG L7z, R8I
ZTORRETRT. HELAEEIIVTHNE10~35
74— PONURGERET ® 5. X O U T
DREBOMER» SEE L BRBME £DT.
R RIEFEREE RS —H LTk, EdoX
FEM EREELE EbNh D,

Porpoise ¥I|EF+—h
0.0800 i T T ]
‘ e 128
0.0700 |—— \ ¢ —
[ olo600 =R N
0.0500 2
20,0400 ——20 O\‘ —
et o .7 AN
0.0300 [—— P e
0.0200 A
a —
0.0100 ;
0.0000 el
30 35 40 45 50 55 60 65 7.0
AHFN
Lc : Chine Length W : Displacement
Bce : Chine Bredth Us : Ship speed

S Lo e L
2 $ C

[X|8 Porpoising stability
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CEYR AR L -
S L 2l —F D237 4 — b

F 1 HER] v O i M OB O ¢
HBRE25rd. §H&

0>H;£’%l”r‘t\'ﬂ\a“h% LRI (2 BE ] O AN LEE 2 )
R LI D b B /NIERE T ® 5 .
%1 Turning stability
Model | Us(Kts) [ FN. [Weight(Kg)[ Cal [Exp.
23 Pleasure Bh | 448 T
31 Pleasure 29108 e 3985 o o
oS 2.74 3220 X | X
| 17 Pleasure 21.6 R T X
S 2.67 R
| 27Pleaswe | 329 . | 180 T FREIX | X
32 Pleasure 35.0 1.89 4460 S

X QL FE I D LIS DWW TR L 720l %

F—FRA PV IOHERICEHRE TAZHTHS.
lxM 22 R DOARREWERTREIZOWT, HE
e L TRENLZEER BT THS. K8

w/]\L/f:_'j‘ AUV OHEHNE E I HE L
BAAICIE 5 TN, SIS ZDRPELR X
(X3 e—nEBEN) 2FRLTOVAVWEZDLLER

bhd, LIALEBRSEENICER-FA DY
L % O EREMIE & AN 1 78 0 By 2 8 L
T UND & B N A
Turning stability chart
0.0900
0.0800 |- - +— o —
0.0700 —2 N -
| 0.0800 : N \\ — i
lew X,, - + ——
 0.0500 ¥ x :
0.0400 | - s
0.0300 - X B
0.0200 ——— \{,_u
0.0100 — \ﬂ
0.0000 sl e |
25 30 35 40 45 50 55 60 65 7.0
Volume F.N.
X9 Turning stability
R1013277 4 — MEARE THEMIZA - 725

ABOEEEIT & 0 FENIEO R LEME A R L TS,
Rl c g 4 & v e —ufg (Kb @ FAD |, Biih
fii (PSAIOB) btV 4ff (TAU) , fiE# (US,VS)
B L UHEf (ANGRD) DEAHRRENR TS, &
KHEFNZ108E | dnfie sl 5 13280 T e KAE D FI90%
IZET 5 lwtf »H5. JZL?IHH: VNS ERSEP/ TN
\ET D Z A H S A SHED BN 2 B A AR T

VEREROSERLAROBNAREM

48

ZIICE ORI A D IR B FEH L T < Bk 2
s, (ZOME)AVDHW® B corkscrew motion

FHEEL TV EREDIhS,.) RI13EE 2%
L CHEMEDOL @b EX > 7=BTdh 5. HWEH

L2 I A RHIEE10I2 R T KIEIZA &
LS TWBA T Lharsd "HI2iEmAilcE %
1021 52K E L TENNER > 2=WTH 5.

133 EBrzEE LB THA., 20D
SPEHTRLEENHNOERIIARE & & B0
E10& b3 EERIAIINEL, M) LD

ZHEO LB ES>THBOBMULLSIRET5Z &£%<
FEMI T & 2 et &2 /R L T B,

| 27 Pleasure Type (30Kts-10°)

| 25 8 Unstable

29 it S VUBR —e— ANGRD

15 6

10 —a— US |
| 5 —a— VS
| 4 —#— PSAIOB

o L . ) ‘
| 5 —e— FAI |

W B e 3t B e —— TAU |
-10 —— |
|-15 0
{ Tau

10 Example Of Unstable turning

bl g 2. A s g Sy
27 Pleasure Type (23Kts-10°) Speed down ‘
25 10  Stable [
20 —e— ANGRD
15 8 Us |
10 e \
—— VS |
2 6 ;
i A i 1 —%— PSAIOB ‘
- e i
il N A AR —— a0
|-15 2 i
1 Tau ‘
J
X11 Stabilization by Speed down

27 Pleasure Type (30Kts-2°) Small rudder angle
25 g Stable

—e— ANGRD
—a— US
—a— VS
—m— PSAIOB
—o— FAI
—+— TAU

X|12 Stabilization by Reducing rudder angle
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F 27 Pleasure Type (30Kts-10") Small rudder angle speed
\

25 g Unstable

20 —e— ANGRD
- T i s
j‘ 10 —a— VS
15 4 |-—w—psaioB
I =0 L L —e— FAI
| -5 ¢ 5 A0
|-10 |
| -15 0

Tau

X113 Stabilization by Reducing rudder angle speed

D EIZHONE BN R ENIC G A B
Beat4 5. E1413§E 0o iy 2 fiEiZ X T
BWREENALTT7 4 — MEDOERAREM %
ML7HTH 5. R15IZZDHELE S DPE
MANRZG R TH S, M2 S OFELE S 2K
30cm Mf % Z & TR A WA L, BENILE
PEGHEMR SN 5. R161dd L A ME O KI3%0H0 4
N S GERRTH B, 2O HELORE) THE
WLhV%Mi%OSWWHWftaé R L
DR—-—FKRAP TR TIREHIIHL, 20K
Rigm e B/onhsZ Licks, L2rLahd
5, FOOBENT KN LGt AE A2 D ‘5%?
BLEFROMEE LTIIHMLWEE X 5. BFIE
Trim-flap X° Transom-wedge & CETLABO I v
PR-AEFIZEERS, 2O LD ARE TH
MY OLEAE LB Z 12K LD ) & [
Fl ‘filﬁll'l’/";i;"f’lié?'}% il B de 1o, &
NEMEIZIT D EHED Sk UI%411737_&::
2.0 i D, FONE A A X472 Trim down
XE-IRETHAEY S L, WEHNICK A D
EH 2T K DT TIER L, EOREHEA K
DhtlLiEg BT 0L 5 e T
5. Trim-flap iZ & O #91.5 Trim down L 723k
RETHEA U % & TR EMEn Kb Yaw i 2 78 1L
LeGl =,

17 Pleasure Type (19Kts-10°)
Unstable

—e— ANGRD
—a—Us
—a— VS
—»— PSAIOB
——FAl
[=t=TAU

-8

Co=NMwHsHOON®

Higed
o

X114 Example of Unstable turning (2)

PMEBERORERCFOBNFREE

17 Pleasure Type (19Kts-10°) C.G.Down
15 8 Stable
{7 [-~—ANGRD
10 4 4 co R
5 1 5 —a— VS
L “ 4 —%— PSAIOB
g —e—FAl
5 10 3
59 } {5 7 ——TAU
-10 1 ]
D et I e s | ()
Tau

X115 Stabilization by C.G.shift to downward

17 Pleasure Type (19Kts-10°) C.G.shift fore
15 - Stable
10 6 —e— ANGRD
5 —a—UsS
5 7 —a—VS
0 B 3 —»— PSAIOB
5 10 15 2 Sy
=2 Xg..... 1 ==TAU. ]
-10 0
-15 -1
Tau

[X]16 Stabilization by C.G.shift to forward

17 Pleasure Type (19Kts-10") Trim down
15 Unstable
10 —e— ANGRD
o~ —a—Us

50 —a— VS

0 . —%— PSAIOB
i 4 8 8 1 * :_:‘U
-10 \., o
-15

[X17 Unstability due to excessive trim down

Gk, AN ERE O FOAE 1 O I VERE A&
EHT5LE QIEBMRICE KESHETSL
R b et L RS
FOE I RERIRE D LEMIZE KES DB &
MBS PIZE 7. 65T, BLONMBORERS
ZCU IR R BB BTHEEEL S,
PIED BRI AEET L8 DTIE A -7
PRER LV & WER S 5 201k ST bh,
ZONRBPER IR TWBHEICF—NLDDFEA
HWLUEREHME-LOBRDDFEVSIHEL D
5. MIBORRHZRAFBAIOF - L ER18IIRT
EIICIROHZ B LD TH 5. Eifign s 2
NEMIZZDOF— L EED T 5 LHHIZPRE
N3 2 & DODREMEDEEHIRELZEDIZE S,
1912 Z O MIF — b (4m X0.2m) # HLD D F 7=
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ML OR10C A THMER X KIEICHKD L
~UAQGJ%Maﬁéﬂ? INEL BH5THD,
BEMIRED R E 28 KIFICSE S TnWb Z Eabh
5.it,ﬁwfi%%éhfwﬁhﬁ.ﬂﬁw
OMEFE - LBZERICL S TaxXSHEOBEIZ X
0, FEREDFEMI R OEEEIE & DK T L Z DG R g
BIEFOXEEI L ORELEEDICE D LHEEXR

[X[18 Added keel

17 Pleasure Type (30Kts-10") Added keel :
Stable
—e— ANGRD |
—a—Us |
——VS
—%— PSAIOB |
—e—FAl |
——TAU
i

-25 0

sec Tau

[X[19 Stabilization by Added
R BbUIC

INRU A EME A S R T HREM § B3R ICE T B

corkscrew & I 2 1 — L O JE 1 1 6 A4 32 {k
LB ENEL, b — LR HEE B 0O R

EMISER T2 Z e WmkEhi, £, SHIE
U 7z R IIRE O g MR Y 7 b kb, wE

ZHEMT§ B HEA B $ 5 7201213,

(1) B=FA4 PV 7z T IRERELB I &

(2) BOMEBEIMENZ L, B2 L5 LEREILD
BERERAOPKENZ L

(3) BEMIHEOHE HEN T &

(4) $rfiEREAENT &

(B) fFMmF—ILE2WODIFBZ &

ERHEMTHEZERnTr o7, BHiC

F = UK 2 & BRERNIZZ DA E b T

XD, V3ialb—VaVEtETEZDRESMN A

MR CTE /., F—LOBMIATIZEBRRZ& S I

TEMIE O S % % & TR & MR O W E IO H

K2k 2R METXZZ L &0, fERIREN

(5) OfHh
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oTDHEI BRI L THD, ZOFEHERIERD
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Assessment of the Physiological Response due to High-speed
Motorcycle Driving using Frequency Component Time-series
of Heart Rate Variability

7?*&]@ }-Vhrc;;;bljrSuzukl 7k Eﬂi)‘( Yasufumlhl\/hzuno
gﬁgﬁ Tetsuhiko Saitou ﬁﬁgy Takafumi Fujimori

.ﬁﬁ F;ﬁé’%t/’)? %ﬁ%&mﬁﬂ%i‘

\

(=]

e ETIC X B T A4 4 — OER IS A ORI S RIS 5 Z & & HEyE L,
‘Jé!« Airo7e. FERZ18L A% e U, SFfiodid (150, 200, 220km/h) CEfFHMT -2
% o M Ee, EfAhoLEREGMLZ. 0EXA» 5 KD MBI Mk (R-R
f “;I“l) b i Vi ol ~‘/“ BNT ANAEEAL, EEROOHEBME YT X -2 25 L.

GESH /Lu o) 512 U 72 h o CRRIIE AR (02 15) . RRIEIFROW & £l
(CVRR, CVHF)/J‘A-&’J/ f,“ 52 ENbhorz. RREFEOWS Fpirid, Kok - ¢
WAhTsLEhsd, £/, RREBO LV F (TR) 3EBEICI-TREB I LRSI NE,
AR Z & > T T O IS X SRR PO O NDGE & 5 RIIZaHIli 9 2 Z e AT E

Bl auwic | D AR T 5. ABMEGOMRIE, 38T
7 4 A E RO OB L HEKO R

ERHIIBE TR TTh B L L BIC, MAEY B K Koyt (fast Fourier transform : FFT) TIdH

PP, v VAR EORHENS D '| LB LIS A — A DR|EETS. 48T

MTh 5. EmHOMEEIZIE, BRI ERE s HLEIT T O 5 4 & — O R-RIE] R IE m’/‘JT‘~
. Ao i R A 7 IS RS B S e & DR 4 l:klfbf7 4L & H IO 2 AT A& L 72

fl{'nrﬁ LOEM»IC, BREICIHATNHNT VA 2RD AESL ) ClmEE iR IC K AR RRIRIZ O W

72O GRS LT 5. TS K, ThNg,

ERINIORERONDY S TAES 25 ik |4 R OIN “ae op < & 'H)

ISR T 2 Fiad RRICH &, thiceL )

F 4 54 7 HEBRT B 00RO —BRE LT, i oD A AT LR A Y 4 B Ik R 184
FTA X —DOERAE Z 75 Z £ARD 5N (B 75t ) R L, 160km/h,
% . AW, Ry, BRI OB KIS 200km/h, 220km/h® % 8T g di# s O
pLEZohSETHME, ARATKEED O X & g O Wl & 47 - 72 BT IR AU
AERMICHHET A Z &2 HMET 5. 600cmiD A K —Y & 4 7O AT, B
'['.M»\fl‘“l FEDIBEL LT, “iREEEETHD AN A o ER a7 A S =l = 2 ] B
T4 4 —OLEXZEGHIL 72, OEXIC IO TRE 150km/h, 200km/h, 220km/h0)?<r ‘[ii'_/ii(])),':]
AR ERBOMPMB (R-RIEIK © R-R B¥iZZhZEh5B(27.5km, W117),
intervals) , # X O'R-RIBIFEO 2 (014 ) (38.5km, 11757), 9K#(49.5km, K13757) & L
13, % < OWFFEIERIA & AR HE Al %7 1A R EBSEO ETHF A —E L x b KIS L k.
BHEBFMEEE LTHYbEA TS (1) (2) () A 1713 404150km/h, 200km/h, 220km/h®D I
DT = AT LR N E AN D [Al—HIZAT, BETRICIZS S OREERE L 7.
EEELT, 7404 EHOZEBEEG FEER 0 b oL ARS8, BRSSO
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Wt , SEEEE T THR L, ZOR%KIE
fpiod 2 PR O e s A2 b4 5 Z & AfRL 72,
Kk, FHERIEAREERHM O ADWHUETTIE A<,
i B A HM & Lzdili & ORAETTH S.
—sridlaele S Ol SR Al e e Ik = e L
T T = o R T DN IR e el
ERATOBIME AR HEWEORIRIERICITT b &
RN B e A v N QT DIE 17 L 7 el SR QI 1
W IR Y » 2 7y TE VL THlE L 7.
HEIZIZZHET LV A—42 (¥4 F 72 FMT11,
NEC 24 7 b Bl e e SR A e oy
(HDL1000, NEC £ 7 4 # L #l) %7z,

i 1.5km
|3

A A4

*5.5km/round
*radius of curve section =0.4km
*maximum inclination of curve section =45°

X1 A profile of test course

start »  finish
drive drive drive
(150kmh) | £OSt | (o00km/m) | £t | (220kmh)
about 11min about 11min about 13min

X2 A protocol of experiment

| msE
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