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New Molding Method at Three-Dimensional Hollow Photoelastic Model
and Centrifugal Stress Analyses of Air-Cooled Turbine Blades

By Toyoaki YosHipa, Katsutoshi MATSUSUE, Kitao TAKAHARA
and Ryosaku HasHimoTo

A new method of molding a three-dimensional hollow photoelastic model was de-
veloped and centrifugal stress analyses of air-cooled turbine blade models molded by the
present method were performed.

The distinctive feature by the molding process exists in the method of manufacturing
and removing the core. The basic core is manufactured first from low melting point
material (wax), then coated with thin metal (copper) by electro plating. After casting and
hardening -epoxy resin outside the metal coated core, the basic core material is melted by
heated air impingement and removed, and finally the coating metal left inside the model
is removed by chemical etching.

Silicon rubber can be used successfully as material for molding the model and the
basic core.

Stress caused by centrifugal force in air-cooled turbine blade models manufactured by
the above mentioned technique, were analyzed by photoelastic tests using the stress freezing
method and three-dimensional stress distributions were made clear. The greatest stress
occurred in the vicinity of the dovetail, and no significant difference was observed between
the greatest value in the solid blade and in the hollow blade. The centrifugal stress freez-
ing condition proved to be satisfactory in following checkups, that is, by annealing examina-
tion of the models and their slicc picces and calibration of the photoelastic sensitivity.
The stress distribution formed in the present slice piece showed a similar tendency to the
result of a two-dimensional test model having a similar shape to the slice piece under
the tensile force loading. But in the present slice piece, the stress concentration was more
gentle than in the latter case.

It is hoped that this research will be a useful references for three-dimensional stress
analyses of hollow photoelastic models having complicated inner shapes, even in small sizes.

gaEan'?) FOEBBASTEIR TN D,

3
1 E 2 p o= —FHHAE -y THEBENEXEBHEA LOAD #

HHUEARC L =R THEPWROILNFENEERR - AN ABREB ERO—BF o TadTh
ERWO RS ON T OBBIREAZN RS I D HNBHRSSOHR LG HEOFAHIC I > TEEBKE
s &b, BRYOMRICHE L A FREIE 2 RIFEERD FENTEAROTE 2, FOHRZERBY = » bz o>
KRR INTWE, 22 TIHEBEILY Y 2 T2 THA-C Y ROBEFGIRIEL SAMEOL
HHCBWLIHEEEAOHADL LWL DOIEARN WEANOHEHRN I T I TEECA>TE TWha,

MHE A — ¢ ROREHCER L THEBUEMIER & 5 EE

+ BMASOFL 4P 0ABH BEER LO&TIEEHEDOIRED S 2 6 THREST D
* EOHBH SEFETH L0, BRAEHZ LB 2 =ZKITIG

This document is provided by JAXA.



2 MEFHEAMAFTRE4 278

haAt THEMCENT IR PR %<, BEBREY
BOFXBLITEIE L TEET FHIL Twab,

LU TH BB EA—EOMRELTHHLA-— R
ORE, BEMEOHEY, REPIR (BE, BTN, B
HESOBN OB ¢ #0 TaxrY B ECBR~NAR
B, BH 22— ¢ BROZRTIGHI it HEER
€L - THITAARCEF L,

YL ZRITT PR ER 4055 1o DR & BRI
L, PEBoRHEC > THE, B *EH, L
PARFTOBH 2B Cr otk v BT L1, +0EE
e THEH - REROBIFREY 2o F LY
FETHE Y, LA TOZRTICHIBYIE IE R
IO Lic, BohBREIFRIESEEE » bEH
BeRBEOL N L HEER LI,

CIRZRTHPEARUEROT L UEE L HF £
—CYRBROERBITER+HE LBZcft LI v,

2 ZXRAPEAWHATONIEE

FUEEORELERL T4 253 PERROMRED:
Chb, NBOKRETERBENLY )3y T avBn, F
BasHs—c yRoBSEBR L EBRANAEHOPT
AW, AR OMEFRC W TR D ERBL R
BY THAEAELRE, B0, BE, N oHEL®
KOWTHER ORI CTRITHEBRTHY nREr
SETLENDL, UTedFoREHFHEYESANC

A1 | EMEE 54— Co R

A2 ORI Y o TA NI R

6 PFRE
7 TR AR R
8 =314 i3]

9 B e —HgEt (RR )

10 ¥ RBRE R (L F )

i RaV N
HirifikoFELYRL, 2B TEHOEYWE
Eemto BEERCEPER PER2E (B 2(1),
YL, BEEMSCEZTI Ao 24 BH+BELE ( HT —
901 ) % BA LK, PR GHICHEPF OHEHid
TE, BEEAEY TR (BHCILIZ BN, &
HBAEEYAVWLBESSER IAERPR 22— VR
*UAET ABEAR €592 aT B THETAPIKI B
BREGNE TR 00, BIERBORECCOlEE st
CHIFRFVBIEOREHED L (EB Ik, 2R BBEE
B(Uy FA2AM)ePFEH L LTROCBHTSH
ErAAen, HEFEBCPERRORF LT L
(HEEeCHHIBLZ L dHEETH o1, T TEH®
7y A(BAHGE0T )2 L, BREFOLDEOH
BrEES ¢ (BEFTAEIH200), Sl £
BEO—TAE D nTHhOY » 2 2 BB CEH X,
REFR - MR Tehwm ( Fecly ) THEMEi a3
FHEw ok, TOHBERI-TRYFEOFERRY
Br T (PAT- P B849—103446), =T
v BREROTE (K1, 787 ) TH7 » 2 2 ¥
BR32 ke S EE 0 BE 5 W BB 5 i3 HEEREE 008 <
e, REEHETRRBCHEERE »/ BB T 56
bE Lk, H3d8aNoBERRBEBEHEToH L v~
Bo—fThHb, BeBTLR714 2FoBBEHE(K19
)T RonsncoMEETRFERRSD LK EE
Kb, OFoABHEE LI EUER LD L, &

t§$v7-=7(¢?)*] B1

TOEIR ) on N RIBE B2

Ty 2 AR B3

=3(4 -%:3) B4

PEREA (PFRHK) B5

bR S 11

1

e g — v RERIZR 12

B 1 ZERTHPEAREEREONETE

This document is provided by JAXA.



WITCH B R ORUERR L 5H £ — © » BOR/LICTIBENT

B5 (=)

B5 (1) B1(e)

B1(4)

12(=)

12(4)

X 2 #TEROEYEAR (K1 RESZR)

This document is provided by JAXA.



. BT E AT EE 1278

ERRCBEWTEBE S LEABS TR Z oB-FEE BaARoBER, RroBRle ) oy T AaTHEDT
BEo R 2 Mt Lis il bk, WEE LT, XBNENCEET S0, BoPrEYRECEBEE
SBRUWE RN YE S ETHEEERLEICY » 2 X% B RGO NWIICEBTELNEI DI L 5
BEH LT < HEe, BBERIVNE O, Ly dtto THREHCELGE IR, ThbbEEEO L5 B
BERDPFEF AN HESErb Y, BE oKkl MM AT LK L bPE N End o il
KEMFTH REL ThH D, BB O BERTRE LR, < o BRETOENWCBELREBEEHEDO LS9 % Litn

) ~ L
R - 1”6 C; g t~
NS
0. 148 3.85 1C ]
R
le————9.2(95) — () N RFHE

210(21.3)

i

w5

M 3 ftEbto—pl

6 0 mm

B 4 E#s—vrBOXRER

This document is provided by JAXA.



SRTPERHEER OMIEE LB H 2 — ¢ ROBLIL T BT 5

LHBEIRITEEC(\», BE0OoPFRETD <
ZPEE lan, BX1.3maThh, BREFHEOER
LA CHBBREGET ThHo ko 56, BELR
4— ¢ BERIZ FTo2£REH60maT, 2igh/hIn
BDTHotetd, BFEOHH» bR THEELERO=
REPEHBUEH oML ERTELHLEHLDTE
BRTHb 9,

3 AHI—EURORLKENHERI

3.1 BRLRBROND
ERoBMEFPE L - Y RoF LA TRETAEZR
TR A B UEEROEBROBEOLNCHBE L
HET LS HAMEROBRE LoBErRTLI LD
BHo ZDIHPER PR (M 2EBHM ) o8, =
BE O ERMROME, ZXT5RIC IEBITEZRT
IENEFTORE, SEOIL IR OEBE 21T o 1,
R 2R THEOIES( LE)oRAENEL, =
FAZKF T EnU Tl b o &
BThohitdh I ITHRBR LEWHEZ D L HERK
WBEAR%®T T,

BERoPZEReHYLY TLIERRANIOXBERC
Reons@BrEEC0.5~1.0na¢ O 14 10 B

Xh, EERBH( TH) oTEHLEHEHR AL TN
b, MlEBEI T hboMFLEEHRIRE L IHMT
Ly, Ml XA 24FERBOETRIN4S L SINOT
RR77 .y P 7A— s bERERBOLIKAEE N
BATHH LB LTRBEPES: Lic, EBRAME
Felstdx#2 s rRoBffdedbomnldr4 =
JHFFME[LTAZ £y b LTRLAD DN THE
XRTnD, BRTHEEE A VBN I IR L,
FLEBR TR L 7T — A HoTERBELEL <, B
FHAMLTH000 1 radE L LT T ERIT
HHNSTARENBORL WO T T4 X2 OERMRE
CERNLD, £F77—2AHBOLNAHREBABCER
HEBRLERL2Bh bbb, £7 7 A BOBRE R
MeRBABR I5HoEBRILBTHLEE LIS
M TEHTTE > Thnith,
MskEHs -y ROPETEEGEHD 5 P LK KT
HWEFEFRCIENOSTEE LT T, coFEEL L
R ORFTRSR O ICEXIE & S OE ML &I T
bo i WEBROEHIBRIMEE IN-100 THEES|
VR IIHB0Ke md TH 5o

3.2 REBERLISE

ERAERN A OB IR LLILIEEY LEEEE T
LRABAMBYEL A4 2 20 EHERTE#TR D

15 T T T o
= —RiR 1
- 1
. @ & #H 14784rpm
B RHBEBE 775 g/cm’
c:\ 02 T]
§101 —
L .
~ -
R T,
o
5 _
- 0, : 249
g, ' 212
i Ty 0170
B T, 165 kg/mm?
0 | l ]
220 230 240 250 260
¥& (om)

(a) RBALILN

(b) #7F—rBHELIEN

5 %#t5— ¢ ROBTEEHROES

This document is provided by JAXA.



6 Hze s EENRRRE4 275

Fikd & ot B6 EESFAROEEARERELY R T,
Herosr—v» 7R 7 @Rl b o 8% R
HArEBs YD r— T4 R0 EE—RRDT A
RO EB Lty v —v > CREERAHE Lt &9
WHER LD, HERE X pnbltnI o 2% Lic, [H
FEB BEEE FE TN A A LT E— A X DEE L
foo EEREOWENS WL~ b OBR ENT ) 4
PR—POEEOERIC L VEBR LL, FROBEWT
Hoe—2THE IS ZRBREOHET -~ v 70
FFTTREAEEN N ERER LI, BN LERE
DEGHEGXOB Y ThbH, THhbbEEREF LY
OT— VDT 7 ATV XA T AR EL

it |

THEN L, P—VEREYRBE TN Vv a—LTHETHLE
EEc Srxpor 2 TERL, BEZ 2o Ar—Tn
ANBEWORBENY N v o — L TRHRE L, B8 K
FERET O R 2 R T

9 EE, AEBORITHL, BERET 12
MBI R B Y T RS 125 T 2.5
~3EER e L, BEBTEY 5 C, hour & Li, Hik
BB A 0 T 294 2 0B S 3milks L
IEHOBNGEBTHEE N8 ~101c/d L2 RE L,
EE O H AW & 2R LT 1445 rpm & L7, BEEE
DEH K E O TEEHEIRNcEbhb Lo Eb
B THE L Tint,

X 8 SKBEE L EHH RoEE

This document is provided by JAXA.



JC TV AT

RIEPEAAUEEMOREE L GH 2 - RO

BERTeEAE

N

3

HERensr

N

(c))

b)

BHEE 14 (
BLTnb,

THh b,
i3

ﬁ

HEHIREF 300 mn @ 5

B

TR K B

5 o BRES Y

D RER I

WY THBEE RTINS,

3

i

2

b

-
(-

T
g

X E

=
L

N

it

FAAREER

Ko =

)

-
(-

TLOW

R
L TEBRMEHT L

-
(-

510w

o
DT

3 REHERIER

BEoy427r

T &

7R

=— RO

11 R
FE9 E—THHT

BoskBERT

T &S
RETHDL

13k ERLPEROIG

BEIG
54 Xf

B RERCA 5>
ﬁfp)ntﬁ\/\o

v

LR s v —

il g

R’
)

1D

I

Hoo
#

12 =
dDTH b (R

!X

kAL

71, REE
5 IR L7

r—vrre

o EHRMEE THHER o BERE,

T

L

5

=30}

7

— L

#7 =

fal

. BB

FRBRE

9

X

B 10 FHEERERERE

This document is provided by JAXA.



8 MEFEENART®RE4 275

DEonh, BMEERORE—1 EC L > TETEHED EHFERE6—1, 6— 2R FRBREDIA MU T,
DFBNRENE LR ERTEALDOT, 254 2fxtly VoM LUBEAQIENIHAEL =24 xFoEXHE
AT B L O B & B IG T OFRAT 3RTEET 3 A 2l HEOVE > Tnltng ~HRF342F3—2,6—18&,
ETxh, M14BEH 54 2FOBEELTHY, & 3—1, 6—20xh*hi vl LB, BIre sH—
rogh i LABAYM ISR T, FER3I—1, 32 THhh, ELPEOHBNBEBIARSCTES, M16

(a) 7=—nr8) (b) T=—ntk

11 BRlo7=—n

s
e
G

(b) 6—1

12 X524 2o 7=—n

This document is provided by JAXA.



ZRTPEAHEEAOBEE L G H & — ¢ ROBLICTHENT 9

o)

I3 ‘w‘ww R oo et L -
s L
PO B

(a) PEREBN I (b) FPZERAEE N6
M 13 £248E5E

(a) 3—1 (b) 3—2 (¢) 6—1 (d) 6—2
M 14 BEIX5 4 X OMER

This document is provided by JAXA.



10 MEFHEFNHEFRRE 4278

L2342 3—2,6—1EBWoB/REIFELERT,
PER6— 1 THEHBROER X T (ERFPRD 7
7o b 74— THPEB IV I EFETCHL, £7
F—ADE—EYF AR LETEIEPTAThIBR
FagEbm<, Hl6 PORBERATLAERY +— X TH
ARSDTHAELDIHIBE L HATFE L T1LL,
BAEOHEL K BENSLLEbhE, #7757 —n
EHHEOBFTC ORI 1B TR EF L Zo&E»
HIITRIGHEISBOFER Y Lith, T1X2205
L LEGERA Ly BECEREFL (b EEH%
T, ¥HPER3I—1,3—2TH L ToEHEELG
HLIFHELXRT TP ER6—1,6—2Tik £H

3.15
2.95

28
8.1

T30
3.1

DREBAKBLOBELZZF T b,

PERER THSEHBBEBARE AP LB > T &
ATTELAEABCDL VEEOTFER L VHEXZTHALE
ErbhitnicnEBbhb, (H3E88K)
B17dHM14 R LI 274 2ERARERC KT 5
BERSmOIGHc kT 2E0 /B TH IEHPoKER
BAEIY hol{REYELT, PEROBESKIT 7>
y b7 A~ LBUTHRRKERD EOKRE RN HPFER
THEABLBERLTnE, —HPERARBUORKE
RNARBEHOBEEYBA THWwith, ZZTHER 1D
BRAEI17 #*B S OEBRE[FCBE TS 2 0=293
Kg/mat A4+ 5, CoRTHF 7T —rABEORE X

50
2.85
2.9

15 254 25 bHi LR

B 16 XEB/BRES

This document is provided by JAXA.



SERTPENEMEEIO B EL & BH 2 — © 2R OB LT AT 11

DB pic/ & CEEE BB Blcnh, 7 BB E
KOWNTHRBTiERE, £ 75— Ay4E 0 EME (
B50,) THER, PERKCREAB2S (£ BRRE
482Kg it ) R THEH BB AR T L XBIED
i K{E oK e,

M18i 75 v b 7 a—2NTICHEVNE KD &
Bbh 2B 2 S L SMIB o IE DA %
BT ahiwr A MERHM T ZRTTIR O RB AT
o RFER O—FITHE, MHBTHEL O HE L&A
BEE TR, UEXTE A ZEA CEMREFTOER L Lin
SCTRLEBIE R 54 2 6—1 &k » #{ 7
bDOTHb, MEXLETL EHHBPRIETHFD
BERU TAh 2 NREL <, BrehEokEne 25T
ZRTERBEOF BIGIEFBEF L, s fE LT

(a) BB K

IREHBROBERELBAKEIR b0 LER
TABRTEHMES L L TORKERHS 22 offid ) Sn,
RS b X ABTRERORENEBHIES TH
hEBOBAOERC X > TR LICH> Ao BFREYIE
BTEon, H18 0 L5 cRPRMTEBAMERK &

CHBEmARGR, EBLHEFER D & WO BFEFD
BEhdbbo THRHER : LTk v E4eBoEY 5 A
brriwidrtBbhb, SETRIEIZRITEIER »HER
TEFHALEL, ABRELHEILC, ZXKTHBRTH
RBIE XTI O FHENE £ Ln,

B9 QA ESVEOBREIFE Th b, B
HOFHENSBEENCETH ( £7F— @l ) ~H
DKONTKRKELTE 5> Tnbd 2T 0 BHE ST
LThEn, ek CoREKE L@ CLETIEEVIEDH

14

(b) EELHSH

5 18 RICH|9E b RERIC X 5 BT R

This document is provided by JAXA.



12 MesFEEEfmEhREd 278

ERTTnb, HEobbbo, BEREBONER b0, MR OHG
o EEEH I LR eER TS B Rt b o, MEERX 24 2500 82 EdoERE

e RBFER O C >N TE

KLty Ao BEc Bo@RrAi e TesE L LTEEL—RET L,

(a) 15-—1 (b) 15—3

8.7

39
157 4.0
41

15—-5 3.8

N S

24
15—3 33
35
15—1 3.6

(¢) 15—5 | (4) 157 «=
B 19 BUAWTE OB L =54 X LR

This document is provided by JAXA.



ERTHERBERBORIEE L KM 2 — > RO LGB 13

3.4 mhHiEOHBECHT

BN o EHRBEEEEE TAUEORMKRE, HHHE
RE, BExpnblEB o IErH L, BEHrBEOE
F#fiso THBBNRABN, ZZTRAS o TEBROM
HFPHEING > Tna (M5 ) 0 TCERAAE ( BEH
P B 186 mn NE 3\ THEI O BAIE X% b 0B RE (R
X29mn, MERH15) & EMBIEME ( 8.9Kg i) &n»
CHEAE(17.215) i L, fhoBEORME &4
h DIBREE fo S bIISECHE Lic, - oRERK

X RIS RE L 383 ( fromm /Ky oAl LTn
o ER PR OEM X5 HETHERE LFE UEH O
KB o L CRER L B —@ERE Y 1 2 v THBH
REOBERTR ot 25, BROBNFHMEE31T
Thoto 20  BERTERL, B21 K REHER
ERT. BN S—BR LTS T BB R 22N
ThsbIrrwrTeERcBEERORLIEDEERE
BHTHAZ LERTHDOTHD,

B 20 Yk REE ORE R

A B
BE&®D 445 38.6
(mm@)
#wE P 2084
(kg)
S o 4 3690 4000
a 3354 3819
B 3522 4000
(fr. mm/kg) 4000
352 395
F & 377

B 21 HEHERE OBE R

This document is provided by JAXA.



14 MEFEHIEBMRFREG4 275

4 5 ]

KRR TBOLh SR EALKROBI T HS,

(1) ZXRTPEARMEROH LWREEAE L1,

FOBEGHROFR LahERRoBRECS L,

ThbLERSHB (FAEY » 22 ) THEOF
R ED, B<SBHRE (FIA ) vEFS ¥
THBBASRT L T5, BEER, BrEoPfrHha
WEo—HAg nmE, POU ., 7 AXBETHEHR&
H, Bo BE AL FMRGC &> THEHI L, &
MECPTFEHONARCE Y Vo TaBnd, &
HEEc I h AR B RERTRET, PFEMCRERIBX
EBEE BTz IBHECEE TR RE AT
LHZFUABUER L »TE b,

(2 oFLAWUEEY B IR 2 - Y BER ¥ %
D, FOIE BT 1T o oo BAGIGTDA OBEESR
BAXORR I hFELET &2 0 TH o,
WERBGRORBIE Ny BE SR, @274 X
HoMESRT7T=—Ar L OBER L, OWEEYY
CHOHEHE» bREIN A NABURBEIBRERR &
Br—H%x Rk, OIRTFIRIKIZERLAE
KR I THRRES Ul 2R L,

(3) BH2r—cryRoOGHE, BHIEK $TEENH
PERTHEELR, BRE: T oREUE b2
fro KM # 77— mAB K EDLRS DR —
PERI A UBETH o 1o HHAEHE, 77 » b
7 a— sWoBRKMEZ OB ABCHE LTESL LWE
BE o Fidinr o to,

(4) #7757 —r2HBORNEBFEILDHE, BRoM
VERBRECHBE»H 20 TLBRCIL U THA KER%E
KX bfThoRETHAh,

(8 Z“XRT5ER P RBRELZL LB HEBTTTOLDOE
¥ensn, BLWRGEENCBENKER IR
BBl R B9 NETHY, ZZCH
L<EARLALBEEQATOTEEHELIA L, 2L
TERERBINELOBRB VLB TH S,

5 & & B =

B4 i L EBRROATEERAXBRYEH CE D
BhTwah, b LEBEAITIEThEEEIT: ot
ERCIVBHROBBCE L TREEHEOE TR HET
ETHLLBbhb, $— v RoOGNBATTHRBIGTH
PBEBARBLHETHL BPRILIETIC oW RSB oME
Eltcwn, ARRHFEMRAPERRL B TLIEBEO=ZR
TICHEFTO—BIE e nEFETH 5,

BHECHEER oMEC > TSR,
RAv iyt R, BEHBETRARHOEH HxE
Lic, FRKRBCE LTI4P, EMEEHRARE, &
BEEHRE, RAREOBHI®B L, TIREL
BHEBrELET,

g2 & X &

(1) F#E, 5 ARHEERBHF D OREE L ot A
Flicown T, FEEFEKE, 20—-7(1971), pp377
~384

(2 BR, gF, IR I ZRTABEERC X 2E M
EROILNENT, BFXBREFRBEAXE, 7003
(1970), pp181~184

(B BEEap MEAcs325885—C 0B (F
13~FE38H ), BEHIRE2—¥C yEFELH, 2—6
7.8(1975)

(4) B3R, BF, XA I BH 22— Y RRBO KT
KHARAR, FUETTEH (NAL TM-276), (1975)

This document is provided by JAXA.



ZRICH EHBRRE O BFE L5 E £ — € ROF LI NERAT

FRPE—Z—% (1)

b
Ay SN NS - (B
W A W s W—

DY B AR O o oD Rl v

*r A X4 RFEOBEREY BICRT

SRR e, %

A . o

N1 F N o2 F Mmo3 ¥ N 4
ETKd b BENBEEF F D, B AR —v
SELEBE T H B TEBRk o TnhidE
5 FE RS ZR

ELTHHBE-N 11

274 2 HIER &
REFEIICHAD D

Wy, r—v o
LD B h BENEE
F b L IEAE

This document is provided by JAXA.



16 Fize = EEEN e RRE4 275

FXAPE—ZR—E (2) *HE 254 25 O BR e BICTRT

N9 * No 10 T N o2t
274 X BrEBE LTHRE A 54 ZFVERN BigwE, r—v s
BRECHER R 8 NN EDdk b
SEHBEEED

o113 * N 14 N 15 F
£ 7T — L RIBEAREIC BREE LTRE
D B THRE % HIB R 75 i M

This document is provided by JAXA.



SRITTPZEAHERR O Bk & 9K 2 — £ RO FLIE DT 17

No 1

1.1

\
N
\

1.0
0
9

N 2
r R 2-1
NN
' "//2~2
A

5.0
9
0
56

This document is provided by JAXA.



MEFEHENARARE 42 75

18

- N o

A
A\
BN\ 0z g6l
ge \\ 562 8%
gog N sre  T€
i ot

S
R
\ A
' e v
0% N lze  ve
0g gz 92
Ullos o
s

This document is provided by JAXA.



SR TP EEHEEAORIEE & 5H £ — ¢ RO JLIGT) BT 19

—
26

2.8
2.85

This document is provided by JAXA.



No.

L't

6'¢C

'€

\_\..._.-_,D

0t

\

Mz EHEN RS d 278

20

This document is provided by JAXA.




21

[=1
z

RITHEABER BORIEEL HH 4 — ¢ R OBUIG BT

Na

8L

9¢

o

AR

0L

NS

This document is provided by JAXA.




22

o0 =t
o |en
=l 11-2
i
//’/C/ll‘*l
o !
\
0
—
‘m',m|
K a e (=) 0
0 | w

; No 12
[\.v—-(
~N D
b 12-2
| e —12-1
Palla
yob
\
wio
AN
!‘I
w [
< OO
J

iz FEHENARTHRE4 275

11-1

11-2

This document is provided by JAXA.



2.6

SR TR EABER RO Bk LG H £ — ¢ RO BRI BT

N 13

13-2
13-1

\\

27
3.1

3.0

48
3.1

5.5

23

This document is provided by JAXA.



24

) "
\ 1.5__‘_4_‘,3 \\)3.6
15-35 2.4

15-3 33

15-2 35

15-1 36

{ 15-0 50

Vi

15

MEEHENHRFRHRE4 275

15-1

15-3.5

This document is provided by JAXA.



ZERTHEEHERBOKIEE L SH 2 — v RO LGS T 25

15-9 8.7
15-8 3.9
15-7 |/40
15-6 4.1
15-5 3.8
N ~

This document is provided by JAXA.



MEFHENARARE 27 S

F 17 M

H R OAr

MM EIHHIT

M FH BN OB %K AT
W # AWM Bk F H 1880
B IR = BE(MLMT-9L( KRS 182
HASH W ®H 7 L =z
HE B RE X&) 2~27T~12

This document is provided by JAXA.





