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SUMMARY OF MASTER’S DISSERTATION

Student Identification
Number 80933399 Name Masato Tanaka

Title
Prototyping of horizontal takeoff and landing support platform for sub-orbital space vehicle
-Justification and feasibility of a marine system as a space port-

Abstract

The space business of the 21st century has entered into a new era when the full operation of the
International Space Station started. If one can pay a very high cost for the flight ticket, then even
usual people could visit the ISS by using Soyuz of Russia. Although the space flight is open to a
civilian or ordinary people not just for selected astronauts. it is still limited to extremely wealthy
people. In order to overcome such a situation, innovative projects have been initialized by many
private sectors, and above all, the project called X-Prize should be noted. American private
enterprise won this prize in 2004 by designing and manufacturing a spacecraft named "Space Ship
One" without any governmental support. This success has turned dream of the space trip to reality
as a form of suborbital space trip to arrive at 100-km above ground. Such a suborbital manned
space trip was promoted mostly by venture businesses of the United States, but there is no sign that
a private-sector-led full-scale project starts in Japan. Only component or sub-system tests for the
automatic landing of space plane models were done by National Space Development Agency
(presently, JAXA) without any follow-on projects at all.

This research work intends to find breakthrough of such situation of Japan where geophysical and
legal constraints are stringent, and to execute highly challenging experiments by prototyping Proof-
Of-Concept (POC) models of sub-orbital vehicle to realize space travel affordable to ordinal
people. The goal of the POC challenge is to verify the technical feasibility of horizontal take-off
and landing support platform on the sea surface. This research work also focuses on the hands-on
practice on design, construction and operation of the support platform to be used on a high-speed
boat, and will conduct investigation on the dynamics and control of the POC system. Step-by-
step tests have been carried out in an arena of Keio University Hiyoshi Campus and Shin-Kawasaki
Incubation Center (KBIC), and some results of the test flight at the Aburatsubo Bay have
successfully demonstrated feasibility of this concept. Results and lessons learned from the

experiments will be described together with the simulation results for the dynamics.

Key Word(5 words) Space Transportation System Sub-orbital Flight Proof-Of-Concept (POC)
Hands-on Education Horizontally Take-off and Landing Space Plane (HTHL Space Plane)
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L7 LI U BB 215 o, EEHFREAFZERF O L ST TEMECR D, o
LG ZEVEEEEO SIS x, y, zE 2D, BOBOOH R, KOZEORED D
DRE, AERETZNEILu, v, w, p,q,r &35, FIEMOEELZ m, x,y,z BiOFHY
DEME—A L oLk, I, L 75, WEMHROZDIINEZEOFITED G &—BT
HHDE L, ik%@%@%%@%ﬁ%@%ﬁiﬁ;*ﬁﬁé%@&%zéo

INVEE% x,y, z B FRICENEIL my, my, m, & L, FHEIOEH Y OIMEMSEE— 2
N Jy, Jy, . AR, BEUFRERIIRO L 912D, (R LEROZDMIExz HB X
WNyz HIZXH LM THD EE 2D 20,

(m+m,)- —L;=(m+my)-r-v—(m+mz)-q-w+X (2.12a)

m+m, i m+m_)-p-w—(m+m_)-r-u+Y (2.12b)
ot

(m+m.)- a—w=(m+mx)-q-u—(m+my)-p-v+Z (2.12¢)

-18 -



(IX+JX)-ap

Py :(my+mz)'w-v+(1y —1.+J, —JZ)-q-rJrL (2.12d)
(Iy +Jy)-%:(mz +mx)-u-w+(lz —Ix+JZ—Jx)-r-p+M (2.12¢)
(1. + 2)'%:(mx+my)-v'u+(1x —1y+Jx—Jy)-p-q+N (2.12f)

A, XY, Z iZFnFx y, z FROANTIORSr, LM, N [ZZEivx,y, z #E Y O
Nhoe—X N THD,

AR LITE W TIE, EEA— O AP BB 2% L TESH L., 2R fE®) 4 5|
T B0, IMERD XA F I 7 AIBEET, FHEEEO XA T I 7 AT NMIENT D,
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HWSE IS5y RT+—bDEALFI7RABLOHRS - 3E
3.1 7T v b7 — LD & AR

7Ty N7 4 —AEIE, HSB (F#A— ) O EIICEY i o, (POC—X) {EEH MR
AFEBRMEOBESEE BT A0 T AT A TH D, 7T v M7+ —AE T, K 3.1 1
R ESIZ, POC—X MEEERET DM EMRE . BEERERFICT T v b7 4 — A% FTEER 41
REFT 2 EBHIER, KMONT T v F 7 +—2b% HSB ICTHY 11T 5 72D OREEED S RER &
b,

77y N7+ —LOHREIT. POC—X OFIRRRERERE 4 vRE & 3 2 18 ERMGER 1 O 225 Dt
W E 720 Loz, MAZREFT 5, £, 2oL, POC—X MELIEREE R & OMF 11
MATRE7R KO~ X —R"Z T eI b SN D, 51T, HSB O&EifEmEH D%
BIZ L BHNEL S 7T v N7 4+ — L DOEREBEE 2 KR S W A HERE A o,

77 v N7 A —LOHIEEIL, oL LT, ERE MEER, L— bV x A r, T
Fax—HL LT, MO EEHRERL, =2 r—FL LT, v/ aHWROE—F FT7A
IX7 Eﬁ%ﬁk h3 10),11),12)O

ETFNOERDOIDIZ, 7Ty b7+ —LOEENL, mN 3 BHEL T D,

7T N7 F—2A
vp HERER {P}

4 0w
wpy  (Link2) I4g9F>XP <3%<%gmmao
ImE - 4

L—h Py A m

KRS
(Link1)

R OHEST 7 1)

fa

TEPERERE R

Boat

% 3.1 VA RN E R NOY . 357
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NEEF N e S BICHIRILT 572010, 6,(-0,) 2 EW LEEF L2 BE0% G LT 5,

0 ORI T AL FOREDOHKLLERML T, AAHBEIZEDDLZEETDH, ZDLED
Il LT 22T, ZOFFTME, 2 Vo ~=tal—&7—A, £7-13ESH 2 HE
SART L RMT 2 LN TE S 101213
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32 IV NI —LDFHTT 4T A

TI7 Y RN TF—LDXRIT 4V AL, 2 VI =ab—4 T —LADIRXR~T 47
ZLIFIER—ThY, TOFRELHEAT L LNTE D 17,

321, 2 VI v=tal—47 L0 THDH, ZZT, VrZ7DRIIFZE
nen. L, I &L N=REER {bot. B 1V 7EER (b} B2V T EER
{b,} 1Z. TRTEFELXRETD, H1 IV ZITE 38 (28 FHoice  DlEEE, 52
U735 38 (z8lh) FYITe ,DOEEEZ L TWD,

Notations for link k¥ (k=1,2)

Length: [, mass: my moment of inertia: [,
Coordinate system fixed on link &: {b;}

X 3.2 [ll{E2 V7T L0 NkHiEH
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1) HE¥x~T 17 A
HP (x. y) OB BifA(0,6,) OBE LT, kA THABIS 10,

x=1cos6, +1,cos(6, +6,) (3.1
y=1sind, +1,sin(0, +0,) 3.2
2) WFX~T 4R
AT & 3T P(x, y) &2 HE L. BIEif (6,,6,) Z LU TSR 5 10,
(3.1, B.25»5
x*+y? =12 +1; +211, cos, (3.3)
(x—1,cos0,)> +(y -1 sin0,)* =1; (3.4)
a. 0, DFHE : B.3)AMNDH
2 2 g2 g2
cost, = xX“+y = +1))
201,
2, 2 g2 2
0, =cos™ Xty = th) (3.5)
201,
L, |+ 7 = (1 +5,)’[<211, (3.6)

(BH)XBIE, 52 B0, 1%, FAND P RETOHEMOAICE > TIRESND Z &,
T2 INOHMEN 1 2B 2 5 HIIZRETE RN ENSnD,

b. 0 ,DF%H: (3.1, 3.2) &KL TRXNEHED,

(I, +1, cos0, )cos 0, — (I, sin0, )sin 0, = x (3.7)

(4, sin0,)cos0, + (I, +1, cosB, )sin0, = y (3.8)
ZZC, p=l+lcosb,, g=Isn0, &I\ Tcosl,,sind, xR LT 5L

{ pcosl, —gsin0, = x (3.9)

gcosO, + psinf, =y (3.10)

EX & cosh,, sinf, lZOWTHRTIE, k&5,
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(p*+q*)cos, = px+qy, (p° +q*)sinb, = py —gx

pxX+qy
cosl, =
1 p2+q2 (3.11)
sing, = 22— 4 (3.12)
Z

(3.11), (8.12) K Wtan™' BI¥E MW, 0, 2RETH 2 L3k D, LTk iz x~T
4 7 ADOBBRRKIE. 7Ty F T —LADE S, HDWITHEIT H I RET DALE & TR D 72 R fE
HaEns,

33 VI v bhNI7A—2DHAFTIvrETY Y (Kane DKL) 10

TT7y b7 —L% 2V RTHEEILL, ZOET VT EITOHIELELT, =a— b
Ve AATE TTT oY ERENRFTHENHN, Kane OFENBREIENZWGA D
LA AT MMENTIZE AT 5, & <2, W - N bV 2 FRRHICE 3, £25%0%k
b/ NTH D, £12, B PRT I/ Fam—FDRT MLVERLEBBEAETHDT, KL T
X Kane ® HiEEZH WD Z LT 5,

1. X7 MVEDOERR
7 M EEERL, HEXE5 25,

X 3.10Y 7 1IFEMEZEMEEOEERERIZ, £/, V7 213V 7 1 O—RICi,
EUARINTWD, Uo7 1, 2 IZETE LT EE RS R o RS 28 #il T4 (direction cosine
matrix (D.C.M.) ) 2Kk TEFET 5,

by f=C@ )i}, {baf=c(6,+6, )i

cosg, sing 0
ez, C(6)=|—-sing cosd 0
0 0 1

1) U7 RoEEMIE

) [, 0 o] ={iy c"(8)[1, o o]

rl
T

r,={b} [, 0 0] +{b,}'[L, 0 0]

~ (@) 0 of sc @ o)1 0 o]
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=(b} c(8)C" (@)L /2 0 o ={b} &[1, 0 o]
vi=t ={b} v = (i} €7 (6 +6)v. =i} (€T (B[ 0 O] +CT(6+0)[1,. 0 0] )

= (.} (C(0.)C(B)¢ (@) 0 O +C(6,+0,)¢ (6,+0)[L, 0 o] )

~(b} (c(@)all o of +a[L, o o)

3) NEEER X OMaNEE
\'/1={b1}T(cZ)1v1+v1)={b1}TC(91)CT(¢91)[1g1 0 0]

T

\'72:{bz}T(c?)zvz+1'/2):{b2}TC(¢91+62)(CT(<91)[11 0 0]'+C"(6,+6,)[1, 0 O]T)

722l woESERICEE:
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2.  Kane O 5L XL 2EEN HRAOEH

1) — b A — K &=y Ll
AITECBT DM ERTH Db A E— FiZ, HEOXRIE (m/s ) MAEEDORT(1/s) %
D, SEBIIMSICI S 20 by, —B{EAE— RORVGIZ, —RIREST, T

EAPHN A ET S, B 8.2 T, 6, BEV (6,+6,) &AL~ L LTESONRYT
HD,
@, :[0 0 I]Ta)lz’ o, :91

w,=[0 0 1]w,., ,=6+6,

0 -1 0 0 -1 0
=1 0 Olo,, @=[1 0 0,
0 0 0 0 0 0

BB, TOFROHHEIZ2THY ., LD 288 (—RIEAE—F) ZMILTHL Z EIZHEWAT
B 5,

WD AT v 7 1d, /S—= v )LEE  ‘partial velocity & FEIEN D7 ML EZEFRTHZ & TH
o Fio, THUT—ROIEIERYZ MLVOZBEEZH I N, X7 MO AV AEFLTLE 1 (unity)
IS ESAAR

v = ({bl}T[O 1, O}T)042-+ (0)w,, v and v"
v=(b} c@)o 4 o Ja+({b.}[0 L 0] o v and v
o' =} a=(b}[0 0 1])o.+ (0)a, ‘0" and ©"

o = (0o, +({b:}'[0 0 1] o, ‘0" and 0>
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2) Kane OjEH) 72

WD AT v 7%, — b7 7 7 « 7 J) ‘generalized active force’ & —f%x{LI1ETE T
‘generalized inertial force’ OFHHE TH 5, TOMEIILLFO®EY TH D,

— AT I T4 TH

R1:0
T =10 0 [-n]
R2 :0

T, =} 0 0 BJ
o, WzGos,
F=v''R+0" T +v"' R,+0” T,
=[o 0 1o 0 7-1] =7-T,
F,=v? R +0” T +v? R, +0” T,
=[o 0 1[0 o 1] =7,
— AL

hl =m1V1
hy, =myv,
T
H =10 =} Lo

H,=1,-0, = b, o,
NOERAEED,

R} =—h; =~{by |/ my(@v; +7;)
R, =—hy = by} my(@,vy +v,)
T =-H, =} (&L,0, + ,0)

T, =—Hy =—{b, | (@150, + 150,
- T,

—F'=v'"R +&" T +v*' R, +0* - T,

=[0 1, O]m(@v,+v)+[0 0 1)(&@+La)+[0 L 0]CT(6,)m, (@, +,)
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~-F =v"-R{+0" T +v* R, +0” T,
=[0 0 1)(@,Lm,+L,d,)+[0 1, 0]m,(&v,+,)
IREr NN

Fi+F =0(i=12)

WLV EFRIND Kane OFEHEN HREXIL, LTO®EY THD -

(1, +m b, +m,17 )6, —myl1,,sin 6, (6, +6, )2 +mll,,cos0,(6,+6,)+T,-T,=0  (3.13.D

1"1g1

(2, +mi2, )(6,+6,)+ myll,, cos 0,6+ myll,, sin 6,6 +T, =0 (3.13.2)

ZOEHFERT. REILEOY I 2 L—3 g ROREMMATICH WS LERTH S,
(8.13.1)RX L (8.13.2 & WA 2z 5 L TeNHEESN, B.13.DRNFLUTOX LD,

(1, +m L, +myl} +myl 1, cos 6, )6, +(1,+ml, + mil,, cos6, (6, +6,)

: L (3.14.1)
+(mold,, sin 6,)6; +(myhl,, sin6,)(6,+6,) +T, =0
(3.13.2A & Hlk¥ 5 &,
(1, +m12, )(6,+6,)+mylL, cos 6,6, +m,l1,, sin 6,6] +T, =0 (3.14.2)

Z 77y eiEEMEA LS AITRkRO N DT, (8.14.1D) L (8.14.2):TH S, Kane
1% & Lagrange iEOEHIZOWTIE, IEREREmPEH SN2 L b H D0, Ko 2 EHE
VIRFOHGEITIE, A E/{LIETOFET X FRKXOBERE, REDHAT,
Kane ERENTWS EHITEIND, £/2, B 7/ Faz—X O~ Ry T %
T LT HHEAICEH., RBERY MADPHEIZER SN TS H T, Kane IENFEHNTH
%

PLEOFHENG, A TlE, Kane B4 M4 5,
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I, BB < vy T Te &2, ENCED MY Tor, Tee LI SV Tt Tez 1251
JCRLT S
-1, =T, —(mlglg1 erzgll)cosﬁ1 —mygl,cos(6,+6,)=T,-T (3.14.3)

gl

~T,=T,-mgl,cos(6,+0,)=T,-T, (3.14.4)

g2
L. g=981m/s’] (& DN E)

HE b7 iE, B ERZEONICAEE L, B2 PID Hl#H 5 VI BRH T A
MLTEBT—FREDT 7 Fax—F2BET5ZLICEVEESES, LrL, Thb
DFFEFRERET OBIZIE, BIERJE Y OBUNREB DB 2R 5 . BIALET V2 AN D DN
—RHTH D,
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3. RRE TR A~ L

WIEZH s x =[x, %, %, %, ] EUFO LS ICERT 2,

x =6
x, =0 =x
o (3.14.5)
x,=6+0,
X, =6 +6,= X,
Flo, FREAEUTOXDICERT Do
ay, = (1, +mL +ml’ +myll,, cos6,)
a, = (1, +ml, +myl1,, cosd, )
a, =myll,, cos0,
a, = (1, +m,l,) (3.14.6)

b =myll,,sin6,

. . . 2
b, =T, _Tgl _belz +b(‘91 ‘ng)
b,=T, _ng _bé’lz

RrEGEAIKRATREND -

{an “2 } {xz} = {bl } (3.14.7)
ap, Ay || X b,
X (B.14.7) ZX, BLOXICHOVWTHS Z&ITEY X, X, 28KkED, LEEAR-T,

X =X,
X, =X
C (3.14.8)
X, = (+a22b1 —ay,b, ) / (anazz _a12a21)

X, = (_a21b1 +a,b, ) / (anazz - a12a21)

X(3.14.8 & TG OMMEIHED FICHNT 5 2 Llc kv, RIER[x, x, x, x| 2AfESh,
LEtioT, 0, =x,—x (CHETIUI[6, 6, 6, 0,|&WiEd s Laiiks,
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34 LQRICEDHTT v b 74 —LOLBHIHEHIE 22 2 L— 32 1910101919

FIEiCEH LS 1 Uy, WONSE 2 Vo7 oES R (3.13),(8.14) UL, IEE
W HBRRTHY . mEEEE AW HIER (728 21X, PID HIEA) omEfizREEcH 5,

COMERZRIRT DT-OIZEFREBOT T v b7 4 — 5L 2 Pl & D8I T7

FERUIZES VT, LQR (Linear Quadratic Regulator) =t> hue—Z ##H3 5, #l#ERIO
AERICEER L7=BlofliE > v v 7 K&K 3.3 12737,

' |z TLN—H A TLR—Z )
: T%%‘Z:T‘/Eol‘—g Lo
1
! 1
! [ — AR il
Wt ! KA+ %;QE& 2220 s
—0 At - = Ly I > Ak
+ 7% —9 o 1 5/1)'%“ 7x *)A\%*% Eiﬁg’fﬂ'
- RAER ! s SHR
1
! :
| 1
| 1
: s _ | R
. AT =T I 3
: VAN : Lr—k <
: 1
| 1
L oo e e
AN AN
74— 7 F— A
Soo ks anis «—— 7B o
I A sy %
%77 T
Xt RGH E

(B) 82HiTIX, FLLTF Ty b7 +—AEHEE A F I 7 22 ERL LT
(1) 3.3 HiTix, £& L THIMAEERI 24 5

3.3 Iy hT7r—LHEHROT Oy s
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Ty N7 AL AEREAT 7 Farz—2 ThLHT LN—F (BRfEEE) O S E DTl
HAZAEKT D700, =L _R=FMREQ ; bGOTHEET VMBS DL, LLTO#Y T
b5,

h —h, —h, ‘91 [ ble.l
~h,  h, k| |6, |=|-h(x-6,)-b,06, (3.15)
~h hy h é3 —hy(r—06,)— b393

ZZ T,

ho=J, 1 Lim, | my)

hy  Lpmd +mg )

fy = Lol

hy=J, 1 Lim, 1 Iim,

hy o Lomnd

he Jy +f_,::l:r;':.

ne o omim,l, +m, 00

hws (3.16)
Th D,

(3.15) RUTBNT, £%(6,60,,6,,6,6,,6,) L RHER & LT, WHHOFTFIRES I 4
L. LQR Z@EHT 5 Licky, HIEAIZES Z LR TEXS, 3.4 3. MATLAB/Simulink
DRHLCEMUIHIEN T 0 7 5 A% 5T, K’ 35 1F, 2ROLAF IV AL Ial—Ty
VTl MlEFR L, 38 DDT 1y 3K 6,0,,0, 0584 F 7 X LHIEICEIE LTS
BFRIRIN TN,

Integrator
1
=

Robust Tracking T
Thatat
signalTj«4 .
Thetalpos {Z ITheta2
Contral Signal signalz b
zignal3 [
signald i
Switch1 R
Stabilization signals Thetatdot .
signalf |-( 5T ) Thetas

Thetazdot

Switch3 [Theta3dot

acogcoa(ul) |Fent zerol

acos(cos(u)) |Fen2

X34 LQRICLDZT v b7 —LHl#HRIO Simulink 712 75 A
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ul

L1
Input thetaZdotdot u2
Torgua [————— *

| thetaidoidot wld

thetadod ud

theladdol us
thetadded ub

Fcn

thetal uv Ihetatdotdol

- Ml 1dgy
thata® U Fﬁf - thatal
S " (1)
Lharlad ud : theta-1
. | Intagrator irtagratari
Ll 1
R S by 3 : '2 |
theta-1doidot ] Irilid
thatal
B —_—
tretatdotdot ul | * 2)
* theta-1dot

Ihetaddatgol u2
*

thetatdotl ud

thetazgol us

|hetaddol us +|[-d2' w[A}HZ U] cos(u[F]-HE [ 2] coe{u(8]-u[ F]1+HS*u[5])* 2*ein{u[ B]-u{7])-H7 "ein[u[ 7]} H4 h

thetal i _ Fenl thetazdotdar
i | theta2zol 1h"t. .2. "
thetaZu? | —— . FE
, L T
thetad ud » Integralard Irriegrator teta-2
— Inltial
S e LhlE
_@ L@—ki}
) theta-2dat
tnataldotgot Ul theta-2dotcet
treeta2dotdot ug
e e ————— ]
redaidot wl
thiela2dot wd
| fhetaddal us 1 -d3*u[E]-H3 1] eoaiul8) =HE u[2] cos{ul8]-ulT] = HE* u[4)* 2 sinulBl-ul71-HEsin[u[5] N HE |_
L thetal ug ez thetaddatdat
theta2 u? ! neladdot  thetad
> Rl M 1 7
| v
) thelad ud . Intagratord Infagrators L"H}Ia::’ |
=]
1 9 thelad
B i thate-3dotdot (8 ) L)
) . Ihata-dde

35 I RI7x—2EAFII AT T sH (Simulink) Fm T A

3.6, X 3.71F £31DvIalb—rarRfamR 33 HBLIW 34 HiOfERIZHKS
W, MATLAB/simulink 2 VW Ty 2 b—ya U2 Fh LR Z2 77, XK 3.6 1IxK
HED 30[m/s]DGE D, BRERRBIZHT 57Ty N7+ —LA(EO,ORT v T IREE R L,
3T ITRIRHEE D 10[m/s]DH G DINE A 77T, KRR DE NG EICIREIAYIC 72 D BRI,
HEEOHINC Ko THIE ML 27 BIER L, (ZO%EIL 1015 v—T7 A1 U BREL 22D &R
b,
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#3.1

TENE S OB E— A B X OEE

link.

[tem Moment of Inertia Mass (kg) | Distance to centre of
(kgm®) about centre mass from rotational
of rotation centre (m)

Manual input knob. N/A N/A N/A

Horizontal link. 1.67x10™ 0.050 0.120

Encoder housing for 1.36x107 0.187 0.250

first pendulum

encoder.

Encoder to link joint | 3.577x10° 0.045 0.310

for the first

pendulum.

Link joint cover. N/A N/A N/A

First pendulum link. 2.22x107 0.075 0.148

Encoder housing for 1.69X10* 0.187 0.298

second pendulum

encoder.

Encoder to link joint | 3.19%10° 0.030 0.313

for the second

pendulum encoder.

Link joint cover. N/A N/A N/A

Second pendulum 3.58x10~ 0.088 0.152

“} Scope

15

8]
(o]

Time offset: O

X 3.6 XI5GRE

L BX

@B Lrp ARR B

= 30[m/s]

DX
8B LPO KBB

Time offset; O

X137 Xf5GEE =

bl - A 1 & L CIESYE LTE
R HESEE (AT v TER)

Al - B (FD)

H Ty N T — LDOAREIRE

-34-
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3.5 7Ty N7 —LDORME

(1) o

BB OBERENOEREIND 7T v b7+ — 22T D RMEE. R— FB3EEET L
TWHHETH T T v 74— Ml e KRSk T 2 A EZ R D, (RN 22205 EH ok
HEINTTHZETHD, FDEDIZ, Ty N7+ —LOEEEEE EZHIET S 5o
W, UUFD2REHEI LT,

[ 1R] BIsEifAdE 5K
X 3.8 lTRTLoic, 2V v 2@ffiv=t ol —% LROHKE L, FHESIICE—%

txra—FEROMT, BEOMEREEZT ), ZhICED, 7Ty T —LDEEE
LD [FIRFHIE N ATHE & 72 D,

s T a— kb oM

B 3.8 BHiAHIEICLS7T v b7+ —LOfIE S

(525 ZEXC Kol

X 3.9 IRTEHIC, Ty b T r—AllzLR_—F (HE) 20T, =1_—%0D
TICE>T, Iy 74— BT/ THFE21T5, BHETFOLE ZE, [T
T 74 —NT EA~E, BEFTOE EE, KIICHESNTT 7y b7+ — A T8 <,
T R—FIT IV Faz—HZL>THNENDN, 2 DOBFICITE—FX R EDT 7 F =
T2 37, BINIR T ERBROREE & D,
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R (e—%
. Ty a—AftE)
Iv&~a<£>:]

~EHUETFO LA

L

X 3.9 HIHEIZLLT Ty b7 x— Ll

#£3.2 7T v b7 x—LHHE GO

LIRS H2R
T2 2 1
& DO HE S A GES
D% 5 & w5 AN 3
HE A eV

#* 3.2 12 b 2 BEKE LICRREZTRT, L TOMMICIA 5 v 82 MMEETAMEZ
A3T52L, BETHLZLHFOHBMND, B2RELMT D ERELE,

(2) BEt L RUE

BI0 WZRMELT=T Ty b 74— L XFAT ¢ (B 1 U U ZITHY) oEE=T,
7Ty N7 A —LOMEIE, K 2m x 1m, JEX 0.02m OfEY L ¥ % CFRP #HKCTLET
HZMRLZbDTH D,
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e 1A=k
P -1

= - - = = 1
i T=TIHER ¥
J:
! ﬁ
1 1] -".r'r

X 3.10 77 v b7 4 —LOEE
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7T b7 A= BOBFHS D | BT X5 AR T 1

=A

=B

— — mkt n£*|

X 3.11-1 7T v F 74 —ADO T EHX O ERE

X 3.11-2 = L _X— X BOEIT X D HEE O R L O A
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X 3.11. X 3.12 X EEME~DEY FHF#EMEX &AMV EE 2R T,

sEmEEET AL, |

X 3.12-1 7Ty 74— LOEEBEER Y 4T 7oA

% 3.12-2 7T T — LA
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(3)  FEEr~wxX—n
7T N7 — LEREHRRFICARE LR AER O~ X — %, LT O®@h Th D
O MITEEEBR ORI THEDOE D L TRITHED T ~A %
@ ITHENERRAE (X v FEFTY) OFdic, EE BT, 79y b7 —A
O Z LT, AT LT kD 5,
@  WEOHXEENOILRoTol &, 7Ty 74 —LEKFEIZELT, RITHO%
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