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Results of Strain and Deflection Measurements Carried out
On Model Wings and their Comparison with Calculated Results

Six model two-spar wings without much idealization of the current aircraft wing, which consisted

of three non-swept wings, two thirty degrees swept wings and one forty-five degrees swept wing

with ribs perpendicular to the spars, were tested for strain distributions and deflections.

A couple of model wings jointed to a model center wing by bolts was subjected to several

symmetrical loadings.

Calculated strain distributions and deflections were obtained by means of the finite elment method.

Comparison with test results showed satisfactory agreement of calculated and measured strain

distributions. For deflections investigated the comparison showed some difference. Indications could

be found how the calculated results, might still be improved.

Experimental error estimations were also described.

1. £ 2 M &

P, WEYOREER, WERMENELNE
i X BEEH DT T VL BB HARFLICEL T
ERENTRER, BEOREHEED > b THER
FRERER, EFHEROSERESRL TR IS
<, BEASHEEKLLELTIREL XD, §H
Tk, —BRREEROREHBREOTNRFTRE
Relel N

LirL, EEOEMEEYCERTHAIE,
I EDLND L IHEBRORSERE LHEL 2
D TEB->TWT, ERIZ L > THEEYOETVBEE
BHEEORYHEZREL LT SHERD B,

22T, FEBOXREZHT IO LRAILEHER
THEE L) Y MEEOEREREERRICOVT
DUOFRHAHR LW cbAh B RO ZEREITRY, &
HRER L BB L,

ERIZOWTH, FIEBRECEHELRD 5 FE
LT, AEoNE, #ERISBVETEDIRETD

* WRFMSE 3 B1THEA
*»OBAE R

Rl T o, EREREOBBILETR, 5
IV F— a2 nEBETAILicEoT, KET—%D
A, EERMEOFVMEARE Lit, ERERLTE
LEREREYEIETIHRMHEELIEHTE, b
HETERERY SEOBREOERIC 74 —F v 7
F3zLizED, TVEBEEORVERNAEL LS
2o

B EER O EY T AR RSB 258
BMOEFMEL WD AT, 2EOXIBERXSE
Lz,

(1) ERULAERR Yy MEETHZR, Yy
FOBEBEHEZER LR,

(2) S8, ARV UH, 7T vV ERELORM
L LT, 20EANDEAIDAESRT L, i, &
WREERT LR,
BEYMOETNMEBZY TH L EIPLWVIR
CELMERRZDR, Yy FORBEEREL T
BWATHBERLREOT, ARERECHETS
LEERL PHALOBVWEALDINLNWIT LEHLGS
iz L7z,

Fofh, WEHOEFNMLE NS L TREDET

This document is provided by JAXA.



2 M FHEEATIEATERE 195 &

METARLRREERL, ThaMitd s 5B
T,

2. H i)

T OBZETIE, SR LIEZEPD b E S
B> TERE T30 Tk, EMTENEEHORE
ET2-00EREFE-TERE TSI L2 HIL
L7z,

T ERH% CRIEI 2 5ROV T, FEEIS
SVWHETEFIE N5 Z L B8H WD, UL LERICE
WD 5 HREL, FIRFEETA»Y, Yy b
DV BREDEBRSBLILREL D LHENAIY
LIHETOBREYOENLHZLERD B LBEbH
Do L7IcS> CEBEOTERE L F URFEAE TR
L)~y MESORRTREERRAERL, K
PEREREI 2VWEAT, HBRTELC £ TREWE
HEMT, WEEITHIO0TR (BK800# X LA
V), TehHhDEREE M LS OEREE KD,

3. =® B

3.1 & ®
BERRRIIGRTIOoK6ME, T4abb, $%BA0°
—3fE (R No. 1, No.3, No.5), #%:Bf30°— 28
(#3 No. 2, No.4), #:BfA45°—1 {8 (B No.6)
FRELE, (B128H8)
RCEOER (7o 2t %B8MH0°) o TR, A b
Vo HeREDREREEZ TH B, X% BADD
WICERI LRI, R b U v HETER S CEER AR
UTHIBADORNERINRD 5, (H% No.1 & No. 2,
No.3 & No.4, No.5 ¢ No.6), 2+ U FrOoT
BT =R RT RS e, TECERZLIRED
SMUic o T3, BRORE 2K siR! No. 22
DN TR T,

3.2 HRERE
ERIIMEBOERARTERA L TV EEBL >
TR -, 31 OER No. 1, No.3, No.5 8L

200

AN
I D N
SR D N NN

L]
[~
T

(S

T T
: |
S | d
i | <
| (=] |
| Sy |
i i
| , |
|| . ! |
| ! i
i i
! !
| | |
I F =S
| , |
|
I ! i
S { o b= | 3 i
| { I
P ] !
T I T
! |
t ! i
o i ! s| i
| | |
| | t
1 1 1
B
)
Nt I -

M1 & & E R

This document is provided by JAXA.



FREIERBERHNOVT RS L tbHICET 2R L ER

®1 R OoEHE

No. | B/H B L A ts/t te | Agbt | o | EEM
A3
1 3.0 600 | 2000 i 0 | 1.13 1.8 | 1.42 400 5
!
2 | 30 600 | 1800 30 | 1.13 1.8 | 1.42 400 5
3 | 3.0 600 | 2000 0| 1.26 1.6 | 1.03 400 5
4 3.0 600 | 1800 30 | 1.26 1.6 | 1.03 400 5
5 3.0 600 | 2000 0| 1.59 .27 1.3 400 5
6 3.0 600 | 1800 45 | 1.59 1.27| 1.3 400 5
Hff mm
As  HEEA W b . WERHRRE
ts © HOBHRE t o SRR

FothoF SRR 1IZRT,

Al No.2 No.4 iz onWTik, HhBHEEMc—
MoOTEEEBALEALT, EARKFEZPITT
EREE KDz, A No.5 No.6 iz o Ti,
EWBECERIZ A L TERE T o, BROBRK
BANV NS TS, PREBEROXRHER
E14ic73,
HEHR2EHS Vv FORESY vy XT/INELETED
FRICEECMY, WEOKE IR n—Fe VT
Poo DI e WEOERIN 21T,
OFABIBERLZOTAY -V, 3T~
7534 TS —TTHY, B (K 120Q,
F—YE6mm, 7Y v Nl 2mm, <—Z&K16mm,
S—z2@6mm) L 3En ¥y bF— 45°/90° (i
120Q, ¥~—vE6mm, 7Yy Figl.2mm, R— &
17 mm, X— G 17mm) Th 5, OTHF —V &Y
3 e B EALBRE 3 12T, OTFABIERR LI
BIEEMITI RV, Fx v 7 OFRKTHERR, sMERM,
AR Y A EERE CHRARNE L, $ER2S
— DHETHEW, FI—F—PRTI54 75~V
Bl L&HiT 2D, 7ok 21388 No. 1 OUF4
BEEZTIEIIE, No.2 2 73— —V L LTER

Lize OFTHHAOBERIZ6m D) — FBROu» 5
ELWOTAREANT, ZoHbicH L TRERKE
R,

Fob A RER R EREEEMFHE A, ML
LORZEDIcbIZEH -7,

WA DR EREREHET 5 EMNT, OTFaEr
DREBL 7o b ¥ n OREBOFBME(LEJE LD
DRENFNK4, W5 ThD, RFlicaHTsHID
REMIREFTD 5, ‘

HERAW B EEREE R 5 D5 1ERARE B
247l o e, ((T&2B8H)

3.3 F—4n®@|

BEFT— 2T ITHN6 GTFTREEE-TH—F
HAe LTRYHL, Th&YFoBE 5 HITA
C-5020 E/F TME L7z, O TFAB I Wich AHAIC
SWTH, HAOHERXT 2 EAME» & B/ Rk
PRAWTESIEL, ¥eiBER2TR-THoHER
OHEMICHT 2EE KD, BREPLOELDE R
CREBMEE OWTHE, 8 1IRT X 5 iRk
HEfFleot,

This document is provided by JAXA.



4 B2 H E TR ZE AT i 195 5

e iy il
o LM &afiE

A 3y — i
O 1wy —

B3 OFRY—ToRHRE

K2 fIEOMEHA
O
B IP\\\ Ve
: R
3 ~ YAV I\ /,9\(\—1,363)
~ /
§ /% N YR /o
= | / \ i \ \ /
= . / Q\‘ ! \ )
& 07 /\\/30 45 60 \75/ \/ 135 /W ' !

| i 1 i
I \J 1 T > T L
7 50 165 120 \ / 150 165\ 180 195 /210225 240 255
5 \\ /\// \ / .

e (min)

u
/
% v--

AS
B >~ N
B ‘( 119) \y / . /’/ "\ ~
-\ A \ ./ TN SN
B NN N AN
i \- — AN
10— P e e e

K4 OTFAREnABE

This document is provided by JAXA.



FHERBERNOVTASME LbARACET B L ER 5

- A
- I\
1\
K AN
0.6} 1\
i I\
B ! \-1
B ) \
B | \
B l’ \ 2\
/
[~ \ \
_ B II \ // \
£ B ! \ / \
B 1 \ // NI
LN T 18 N e 801
& ORTs e BN7 60\ 75 /9001207135 150 . O 210 225 240 250
£ LNTTSA S e N3 #B (min)
+ - ) .
- (—6)
—0.6F
B 5 cbihtaiBE)
[0 A/D )
‘7’—-:‘):)&47—7'_. oy BT B _’7}.~—'?-y]~ ,
e LI e b U b A
+ ATLEE
® g W
K6 F—yEGEHRER
4 B - AFA4T7F—E LTORWE~ b Y v 7 REFEETZ

ZFLOBEN—EOTHO=ZARME~ Y v 7 R,
BIW Plan® OIS EEEL TR Y v 7 X%
ROBFEC I > THELLERORME ) v 7 R
(& 3R AV, EEORME< MY v 27 X% L
TRBRERE T3 LW HFRE VR THER ORI
2 Y vy 2EEB L, Melosh!® & BROT, K
NIEFICBVWIZ L ERFLTWS SHEAR MOMENT

FROBERX PRV BEELIEBETDH D, £T
EAREREICE L THNMETH Y, XYy
LEBELEOHMITRITRIZ2EL DL, HeoR
i LUTHEAET, BY)E2ZT L8808 00ne
%, MERFERIEHOLERIT LD, $A MYV
B, K75 O b4 oMM L LTk, Ry 2%

FbhnWT, 58D, ERARETERT Lo 0L
Bk, LTHHERETHE LTEHELE,
Rit<bY v 7 AL LTk, Turner 5 ke

SPAR MATRIX ¥ —H75, %702 ORI~
b U v 7 &% Gallagher®® 338845 U7z X 5 i€ Turner'®
LRRDICETERE~ LY v 7 A—-BT D, (H7

This document is provided by JAXA.



6 M EFHERNF AR 195 &

)

FHEFHEE LT, BE2EREoBsBE Sy
HL, BOBENCERORME~ bV v 7 AZHERE
¥, = bV vy s RERERTR - T, BOBEOR|
2 ) w7 22D, BRIEEORE<NY v 2
2EEREET, BEYEAORME~ MY v 7 2%
ST, EfikRaE T oEs KRR EL L
E-T, EEFEHEIXTIENMN, KA, OTFH0%H
EEE LY, BEEEROERSEGEK 8 1R
3

K9 T &5 REEDETMER X 5T, IR,
ZAMNYUH, 750V, EEEHOREZT L
T IARBDT, HHRIEOVWTWBE X MY U HFBIWC
K77 vOoRIDEBYERTIVERD S,

TIT, REEXLIIFEEY LETHALZTICR
TEXDH, EXEREROIEOR Y U HizH
LTHHROMEBICH 2B THOAMN) VR EDLE
DEICHSTEEEX D LR TES, TROHEK X
DHUBHEEZEZ AR L THISOEBELEH
IEHENERDT I ERTES,

MBI A, PIEIPLOEE he L Lok X
DHSLERC S LT L TR A O M m i E
KDD, ZOEEMEMICE—AV MM EpTE
&, F10D (2) © X5 O TFELIHMERETIIL,
FUEEBE CEHE Lc®— A v b LRk O miE
ATCHALLE— AV MELVEWIEELY

TR~

!

K8 EH F &

BREOEN

x4 W ofRE

:7 o:=B1+p:9

o,=,93+ﬁ¢x

Try=fs

g
J,

SHEAR MOMENT

SPAR MATRIX

&

MELOSH et al.

X7 BRER

45°

4-4-4-4

This document is provided by JAXA.



FRAEREBERROVTHAAM L eb AT 2R L ER 7

h_c h+c =z
2 = = dd:
AE 2 cih ZEJ; a5 eoade

3h%24+3hc+c?
Ae =22 TORCT
e 3.7 A

72U, E: QMR
LB, AMY VA, MR K77 v RREREL
Rigndk i, he ZBYIED T Ae & ThERIC
DNTEKRD 5,

5. RHELRRER

X16~[X21 128 No. 1 L 4 No. 2 iz > ToE
BLEBRERED—HER L, BB No.l konToD
KRIRA NI VF, I75 v POBIORELELR
WCHTEEE EDEEEOTHBALL D TH S, B
B No. 2 koW Tt T TN EHE E 2 /- 3HEE
EFgERLTN3,

MEEOTHABIUW cbAa E DEEMEN DT L
T 1L95% DIEJFEK TERR O KB TR L,
FIE—7cbARBIC OV T, HER bR L OEK
PODELOERFEDRIVERERY LT, X
21.6{Z;m L7z,

RBEAI No. 1, No.2 0—¥f 3 L (£ & No. 3,
No.4, No.5 No.6 @ fHEiX T L A PRILTHED
TZZTREKT S,

6. % ®

ERIZOWT, DTFARARTWEL OESHERERL, &

BPLOEXLOERFRED, L Licbiof

B, PUMEOCEEICL - THrRIVEEN LD
50N KEL 2D L0MND 3B,

I —

A=ac

A.

do-

FERROHIEY
[
@ -® © &

EFMEL 2 HEEY

K9 #WEHmoET v

NA.

(1)

@

10 BrmoUT A5

This document is provided by JAXA.



8 FZEFH T e G 195 5

A No.1izoWToR MY VA, ¥17 7 v OliA
Hr 203> THE LD LA, BLH1IC
FERLBEVES SN, APV VY, K77 VP OMY
BEE R & CRE L0 ALY, ERE RER
—EErT,

H13iz 7T X 5 KEBRIGEIE Y 77— L 58
BHEOTHrEVBIRY Ny b2 -TRY, £7&¥
75— OB P EioTnWEDT, Yy b
IBEELERPEDVEVn-STWE LEbRS, Lo
R o TOTADIHTONTI, ERLEHEL OFNX
RORANETE LWR, BORE» SENLELT
X H-Tn3,

HEEZPITIMBOBN XIIERLFAEL OV
HAHEOEMMTIE L ALRLTH S, RYFNEOHS
(K17.3, [X20.3) K xR ORE(T T OFTEIRRRIC
HEBLTRL b ->TWS, Z0Z LEEHmEks L
TOEHERBRE bignied L Bbh s,

A MY U HESRE ORI DOBWE R TR ORE
Hic X > TERELFRBEL CHANK2SZ L3k
v

FIBARD ZHEBL RVWERIT, BMEBRERICEH
B, OFHRSHOERCAROBRMSEERTITIR LA
i, FRLFEFRZERRELN,

Beam Theory I fHiieF =y 72 TH5EHTCEE
ThHorLBbnsR, K16.1, K91 FT X5y
IZoWTHIT DEE5DF Beam Theory iz & 35 81{E
R RB TR LU, BOBRIGENEDEBRTE, EB
LIl HboTn3Z tRBb b, /2 L Beam
Theory CEET 2B S ICHWZEHRE2EKE— AV b
I: 3R NY UFEHRT7IT P02 FROBE ¥ TE
B ANTEREAHELELLDTH B,

Goodey? m#ER, HEICX 3L, Vy FORIED
WBELEERT D LIEANMCEALT, ERIELFHEE
BORIBLLDHI IO LB RENRNTNS, T
DHELTIIR oI5 EIZE, Vv bOEEBILRE
BLTWARWY, OTFASHICEL TEREL REFR
—EEFR L,
 EbHRONWTRE, TRTOBEEIOWTEREL
VHEBOFREL TTWE, ZORERELT, =T
TR o ERINMROBEER B Z bARWEEA TR
MHEEPTTERLTNEDT, Uy MESK X
SEBRBFECHTETWS D L Bbh 3, Argyris
LEORITR S e EEFRE AV TES LEESEKR v
THOEE, HETEZOLAKOWTHRLLB-TNES,

F I BBANOWIEE No. 2 (72 & 2 1XX19.5) D

HE»HRD bhvicicbd L ERER L OBV, &
B LOER No. 1 (16.5) X Y K&V, ZOHMH
£LT, BEMECHRBIBADOWIROHGPEIER
DONTWARWRY Y BEHR4k L LToRHEF O
BEXEWD, FVMES, Vv MERTH BT
LR ESLLEERI VEECE DALV T ER
Zz b6h3,
BEEMRTIT R - ER (B8 No.5, & No.6)
OREBIXZ TR LTW RS, B No. S5izown
Tid, PERBESHEAICLER L TEREZTRY, O
FRBFCONTH DA SN THEREELRIT
EEE B, ZoZikrb, EEFFES L BAEmK
(28.0tx 950 X 1420mm) 2R RFHEEHR & [ CHLO
EliEZ LTn3 : Bbh s, B8 No. 6 izonTid,
EEMEICES L EREREEEL LTHE LA
PHEETSE, OFASHCELTRRA D -TND
2B, bR onTH, #8 No.2nlkebdh (& x
i¥K19.5) CRHEEEL LTHELELEREL O
BOERIUMOEBENRD D, EERRICEREEEGLT
ERTEHEAIR, ALOEERLETHS I,

Lt U

BEMOE T MEDFEICHOWT, Vv PO
BLEELRVWHEETYH, OTFASHIEAL TR X
WRERE R D HZENTEBLELD, L LETOREE
KHLT, {7509, ANY VHFORBIRA»R VK
EWEEHDET MU ZFOHESOREYERTS
HERBHY, ZORILTCRSHELLRIVFEDTD
5LrBbh3s, BREBRORBEIZORMNLE-T
2R Y UHTRARORBIIRSY, ANV, K775
VOOBERE T0OE EE - THET 5 LERBICE
BENRTTL AL IEREET S,

T bARIEONTEE, ODTFADHTCRYTHIET
ARY<y hOFTY, Y1y FORBKE, BESEHO
EEANRYARE(HTET, ZALTLEUTHS
LREARV, HCEERBOET VETHREADD
Wiz oW T, X ) EEORAIICIEWET IV
(FV PER)BLETH S 9,

b vic, AP LTKIGEE, BIgdBb-
REBBE* BAERREY, TATZER™,
2 U ERICH A LI/ MR EFIBE B0 EL
£LET,

*FERHATHS, PROTERS,
R - MRMERENT AT, ST

This document is provided by JAXA.



Y

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

FHEFBEEHOOT HOM L Ieb BT 555 & B8R 9

x #

G. W. Zender and C. Libove, Stress and Dis.
tortion Measurements in a 45° Swept Box Beam
Subjected to Bending _a}nd‘_Tc_)_;sion, NACA TN
1525, 1948 :

W. J. Goodey, Two-Spar Wing Stress Analysis,
Aircr. Engineering, Vol. 21, No, 247, 287-292,
No. 248, 313-319, No.249, 358-362, 1949
G.W. Zender and R.R.Heldenfels, Stress and
Distortion Measurements in a 45° Swept Box
Beam Subjected to Antisymmetrical Bending
and Torsion,f NACA TN 2054, 1950

R. R. Heldenfelds, G.W. Zender and C, Libove,
Stress and Distortion Analysis of a Swept Box
Beam Having Bulkheads Perpendicular to the
Spars, NACA TN 2232, 1950

P. B. Hovell, The Stress Distribution in a Swept.-
Back Box-Beam with Perpendicular Ribs, Aero.
Res. Counc. Lond. Rep. Mem., No. 2837, 1950
A.L.Lang and R. L. Bislinghoff, Some Results
of Sweptback Wing Structural Studies, J. A. S,
Vol. 18, No. 11, 705-717, 1951

M. L. Williams,
Methods for Swept-Wing Structures,
Vol. 19, No.9, 615-629, 1952

H. U. Schuerch, Structural Analysis of Swept,

A Review of Certain Analysis
JLA.S,

Low Aspect Ratio, Multispar Aircraft Wings,
Aero. Engng. Rev., Vol. 11, No. 11. 34-41, 1952
B.R. Noton, Structural Aspects of Swept Back
Wings, Aircr. Engng., Vol. 25 330-343, 1953
W. L. Green and S.S.Gill, Torsion of a Const-
rained Rectangular Box Section, Aircr. Engng.,
Vol. 26, No. 300, 34-40.45, 1954

J. H. Argyris, Energy Theorems and Structural
Analysis, Aircr, Engng. Vol. 26, p 347-, p 383,
1954, Vol.27, p 42-, p 80—, p 125, p 145,
1955

B.R.Noton, A Swept Cantilever Box Beam
with Two Spars and Skew Ribs, Aircr. Engng.,
Vol. 27, No.317, 204-215, Vol. 318, 256-261,
1955

M. J. Turner, R.W. Clough, H.C, Martin and
L.J. Topp, Stiffness and Deflection Analysis
of Complex Structures, J.A.S., Vol. 23, No.9,

14)

15)

16)

17)

18)

19)

20)

26)

805-823, 854, 1956

R.J. Melosh and R.G. Merritt, Evaluation of
Spar Matrices for Stiffness Analyses, J.A.S,
Vol. 25, No.9, 537-543, 1958

A.L.M. Grzedzielski, Organization of a Large
Computation in Aircraft Stress Analysis, Nat.
Res. Council of Canada, LR-257, 1959

A. L. M. Grzedzielski, Theory of Multi-Spar
and Multi-Rib Wing Structures, Nat, Res,
Council of Canada, LR-297, 1961

R. H. Gallagher and I.Rattinger, The Defor-
mational Behaviour of Low Aspect Ratio Multi-
Web Wings, Part 1 Experimental Data, Aero.
Quart.,, Vol.12, p 361-, 1961

R. H. Gallagher and I. Rattinger, The Defor-
mational Behaviour of Low Aspect Ratio Multi-
Web Wings, Part 2 Elementary and Plate

Bending Theories, Aero. Quart., Vol. 13, p 71—,
1962

R. H. Gallagher and 1. Rattinger, The Defor-
mational Behaviour of Low Aspect Ratio Multi-
Web Wings, Part 3 Discrete Element Idealiza-
tion, Aero. Quart, Vol.13, p 143-, 1962

P. H. Denke,
Analysis of Statically Indeterminate Structures,
NASA TN D-1666, 1962

J.P.Bemthem, Analysis of a Symmetrical Swept-

A  General Digital Computer

Back Box Beam with Non-Swept Centre Part,
Nat. Aero, Astro. Res. Inst.,, Amsterdam, NLR-T
R-S. 492, 1963

" ].S. Przemieniecki, Matrix Structural Analysis

of Substructures, ATIAAZJ, Vol.1, No.1 1963
R. M. Lichtveld and P. J. Sevenhuysen, Results !
of Strain Measurements™Performed on a Poly-
styrene Swept Back Box Beam with a Non.
Swept Centre Part, and Their Comparison with
Theoretical Results NLR-TR S, 597, 1963

B. F. Veubeke, edited by, Matrix Methods of
Structural Analysis, Pergamon Press. 1964

T. H. H. Pian, Derivation of Element Stiffness
Matrices by Assumed Stress Distributions, AI
AA J, Vol.2, 1333-1336, 1964

R. H. Gallagher, Comments on “Derivation- of

This document is provided by JAXA.



10 T HE W ER#RE 195 5

Element Stiffness Matrices by Assumed Stress
Distributions” AIAA J., Vol.3, No.1, 186-
187, 1965 and T.H. H. Pian, Reply by Author
to R. H. Gallagher

27) T.Hayashi and S.Kobayashi, Deformation of
Swept-Back Box Beam, Trans. Japan Soc.
Aero. Space Sci.,, Vol. 8, No.122, 23-40, 1965

28) J.Khanna and R.F.Hooley, Comparison and
Evaluation of Stiffness Matrices, AIAA J. Vol
4 No.12, 2105-2110, 1966

29) G.Sander, Dual Analysis of a Multiweb Swept.
back Wing Model, Aircr. Engng Vol. 40, 6-16,
25, 1968

30) =A&AKKR, HRERE L2 FUROBT, A
ZFEHEWTSERT#®E TR-165, 1968

31) W. E. Deming, Zx 0% —3R, Statistical Adjustment
of Data, HEFHZEWLLBHT—FDELOF, HEK

EIE
32) F.Acton, Analysis of Straight Line Data, Dover

fig 1

EKRRE

FEERZED—DL LT, OTRHAOREIIHTS
B b0 5o X EHEHMICKRD I, WEHEOR
ZROTHEORZCH L TERTEZEL0LELT,
THEME P, OF e LLIZL X, DEHEHMED:
DiEZ B/ _RETHEMY LIESRAA L TRD 2
OFHE oo DREE des 11 FLIERE c=+8 (P
-P) r¥5L

5! (ei—2) (Pi—P)

g= -t

51 (P— )

i

T oe, n: E P=z::Pt/n,E=éu/n, tnos:
HREE7— 20 t RHOWEE Lick &

des = i:/:‘;_”z—\/ ?‘:‘1 {(ci—e) —B(Pi—P)}2

J1+ 1+_g%—?V
7 g(&—?ﬁ

L5,
TOERTREEREKL LT, B5%2 LT3,

11 EBRROBEHEL

T D des (X EBEERMI6~F2LUI BN T, ERAKK
BORBEY R LI, tbAROWTHVOTHOPDY
KicbAhdEE,» 2 TRBRRZEEWEE L, T0f
DEBRAECH>WVWTIRR2ILTFT,

& 2

313k AR

MR E R 2onic JIS oEERBR & FHEE
MEXIOEY, =254 - VA X5 — Vil (&
#120Q, ¥—JE6mm, 7V v Figl 2mm, ~—
2E 16 mm, ~<— zfg 6mm) %k Y HFTRELE,

RBEEREIC >V TR, D TFARHA0RERIIHLT
HEECHEZEHTESL LT, N REZHEN
WEELOTAHAE ORAREZEEL, RAERKE
R,

K7 Y VHIZHLTE, SIEFAOTHMS e &
FhEEAFBOTFAMT e OWEINT 5 ERE
BB, ZOERBICEE, €1, ¢y BMHDBRENRERT
XBRVWDT, &, & HAHRKBERD HEI, b
FiE ¥ BV GEEEROSE 8 23R 53

— Syy—Szzt+ v (Syy—Szz)*+4 Szy®
h= 2 Ssy

— n —_ n
fziF L n: WEEK, €x=§€xi/", €u=2i$vi/ﬂ,

This document is provided by JAXA.



FRAFEBEENOVTAOME tbAHA BT 3HEL EZR 11

X2 £ R R =

[0
VA A i R N %
=7 778 DRE 1
7= VR OBEOAED
{BWZ X BEE 2
F—JoRE L 58EE 3
HHEIZET LD
v — K &0 IEEBRHE 0.5
BIEDORE 1
WHBREHAE 2
rF—UHAETb O
BIEDORZE 1
(0 58 +10p)
Z 0t 1
BALIRZE e=J§§?=4ﬁ%
Zhr )
FHECBET LD
BEDRE 1
EALEBIIED L 5 2
FERIZET LD
v — F &0 IEE R 0.5
BIEORE 1
FERERE 2
Z DAl 1
(0 1¥8 +0. 6mm)
BELICRE  3.4%

FEROBERR BTG OERSHET 2L RELT,

n _ n _
Szz= E(ezi —ex)% Syy= 2 (eyi— €y)%,
i i

E—p=+ tn_y > (ki —k)

S.‘ny = ‘E (51:1'.‘—5.1:) (51/1'. - 51!) o x/n—l 5

n
BHESTRT Y v HERD T,
72 BIRAR D AT 2 W EM SR ORISR, 5l
RRROBERK LA -2 b OEEM L.
BRI OBMERET, FEBICOW TS RRBRA B

L n:RBAK E=3 ki/n

tr-i: HHEn—1 O t HAHOME

OFHEEHL, b &X&RD, HH6DEERD
BRE LT, FRBAOBEEREE kL L,

I ICIREEEERLE LTHB%E L o7, ERIEKS
KoY,

This document is provided by JAXA.



12

qs

WM TFHERHAERRE 1955

qr

L'

qs

Qs

a

12 JEEEFR

& 3

EREEORET R VY X
Witg= b U > 7 20OFEIZIE Pian XL TS
FHED R Ve, BEFENTRE LIS

oz = B+ By
U-y:ﬂx‘l"ﬁﬂ:
T _——ﬁ:,

727 L, ,31, ;32, ﬁx, ‘84, 135 : *E%&
ThHd, EBERIHI2TRT,
EHEHDOERORME~ MY vy 7 A [LKIZKRO X
S B,

£33 B 4 K K

" . . ANYUH
SRR SR B KT YUl e -3

@ X107 Y7 E X0

ﬁg 1 | 7.62£0.26 | 0.312+0.019 | 7.42 = 0.13

NO.3 A+ 7 +

No-2 | 747 £ 0.14 | 0.314£0.005 | 7.47 % 0.17

No. 5 + + +

No-& | 7.51 £ 0.13 | 0.3070.010 | 7.44 % 0.20

This document is provided by JAXA.



(ap]
—
® (ga=1) ¥ o (241 8 ¢ {ga—1) ¥ _ ‘ o
5=u ey ¢ AP P =g =Y WALk
lllllll =
_
we  w
tetrTTTY
N (T iiiiiiii AJ
wg w _ we  ow
I - A A "
llllllll |”|I|||||I+||l-|.|..l.l..||_
| |
wg w we w we  w
Em|4|m4+.|al<l. __ Em+ﬂM+|~:<l M Em+|~|M|ﬂ< "
|||||||| Rl Sttt pttttnly
| _ _
we ow wg w wg w we w
watygrTV “ “E-FgTTV- _ Bk - S “ watggTY _
B - B R R
| _ * _
g—0— | g+0-— __ g+90 | g-0 | ratubouy
| _ _ |
S - e S - - -
. _ o _ _
g—0 " g+ 0 ﬁ g+o— | g-0~ | Satuwiiuy— | Fatuf-uy
_ | ! |
llllllll Llll!liIL_lnllll|IT..||..||I|_||||||1|IT..|3.1|14|
_ _ _ ! |
w 9
4+0 | g0 " g—o— | g+o— | Ta-uwdiwy- | yE-wz-uv |
| _ | _
T s e I B
| | | 4
g+o- | @-o— | g-0 | g+0 | ye-wd-wy | ya-udiuy- |
| _ _ !
N S S H R R, S I 1
89 Ly % 5p vp £h

M1 S S

WAS

WHTM T 2272

1y AI=£ )

This document is provided by JAXA.



- °¢%u=
ﬁ iiiiiiii uwi.l llllll i_1 IIIIIII l“. lllllll T T T T T T T ToTTT T T T e N
tlat) ¥ | 2lat1) ¥ ®(a41) ¥ _ e (a+1) ¥ __ 9(at+1) ¥ _ q(at+1) ¥ | 9 (a+1) ¥ _ 9 (2a4+1) ¥
T _ T | T _ T | I w I _ T - “ T N
! _
;;;;;;;; e e T
I
°_4 MMH% N“Mxm+o_ :“Mi pr“ q t,,H: Ntnmxtﬁiwnumv Nlu ii_\.l: 2_ " ii\,,i: 2 m dfnli 4 “ e ( unli g _
_ _
i~| | | L |W| |||||||| |+ llllllll l_l. llllllll
q(a—1)2 | q(.a—1) 2 — “— " A _ !
: “ “ ) “ U ea=D) 2 m i“; )2 _m\,ulia1.:quwﬁrdfl:“_mm|ibu%N_ﬁ+iwm.|.% z_ "
| | mn
N I 4 I I B N B I, /
8
Ly
w@ 2
5b
K
®p *p
)
'y

14

WIMI L4722 REZLUQ QT

This document is provided by JAXA.



15

REER

5t

FUERBESEHOVTASML IcbARICHT 5

¥ 13 #iA! No.2

This document is provided by JAXA.



16

MLZEFH SR SERTER & 195 &

B 15 £BREE &%

This document is provided by JAXA.



FREIRBERROUT AL L TcbAh BT 28 B L K 17

— A (EE () L s ()
Ki730V APy HOBMSEEE
LA (ks () . &g ()
Beam theory
¢ U B

SidiH{L—Kg

)™

5 16-1 % No.1 &y

1004

16-2 *ﬁ@ No.1 ¢z

This document is provided by JAXA.



18 B2 T BN BTl s 195 &

|2oo;x

!‘n‘%—, = c/ // vi 1/ it ‘/ ’l/
W B ey 72 174 i —
e V4 /- ~
N - y A / )4
i i o 7 . 4 ?F '
D e 4 £ /lﬁ /l —
S / . , : 1 - H
S o d—— I
H ‘1~~l" . 4 !
1 ; IWM _-t.‘-#—
/

! . A!/ / ’ I

16-3 % No.1 yzy

| 1004 | s

1000 <2

- e e ——— =

° ¢

A ] :

A T2 Nl S0, O () ke A "l Sl N S W Wit

g 16-4 #% No.1 7y

This document is provided by JAXA.



FHERBEBEROVTALH L bR it lT 3R R L EB 19

——————

10

o %iF
Le:n1)bad o

~
o 3 AR & LCH L N
SR EE O CHE .

K 165 £& No.l 7cb#i

1001
y thOO
AT ¢ 7 7 L 7
A O e il et S (L
x Py A =7 v Y 7 —Z 7
z )",’l ‘‘‘‘‘‘ -44——_3'.__-/"—_;"—__ - z__+——-}_—-
S B AV YV
P ey ~= 7
VA, . : | 74 A A
A S A A S A A
M VA A A S— A 2.
. -/ o / ‘7#/ # 7%“

B 17-1 4% No.l &

This document is provided by JAXA.



WP I BT SE Rk & 195

1004
y
x
‘ 11000
+ ] L} e
. ) ! B i b/ .\. %
nd ¢ T / . 7 ) / -~ R /<7i/ /.
e . [ . — v — -~ LN
- s
g . v/ - (v4 ¥ y; TN \\//
; N B E 2§ = LA
3 hd . '// 3 V/ R M — ] / 7~ N '
— fr_‘/’““‘/“_—7—__* '

‘ /
e §,f B

[
8

17-2 #i%l No. 1

200+

—_——r— / -
__\.\._ \_. A= _-/__‘\ L ’ — ‘..j//__' -
X T/f B =
—— /o s
N ¢ \5__7’— s‘___‘L.— ————— e 7 \\
s 7 N\,
N

BJ 17-3 A No.1 7ay

This document is provided by JAXA.



FRERBEEROOTALAH L cbA BT 2R A L ZB

—

21

X 18-1 #AE No.l &

—H—v |00
V4
f—+_—| 4 . el
L
t - M 11000
* 1]
l ]
B — | - | '
\ ]
\ [}
\
\f i
\ S S 1000
___’_...._.." —————— I * J
\ r e et
\-‘L——J b
lg] 17-4 ﬁﬁ No.1 Tye
liOO,“
1
x : \ ,
’ )
= Q* } | | 4 000
e e
‘ Sy 7 L
4 2 7 T — y
.y{y S i e D ey e
& ~ [ | _W%
e /. [ yany : 7 y
i VAR A AR
2 7 N 4
s - i A A v A

This document is provided by JAXA.



22 R BN e BT & 195 %

| 100

/ Pl i ~
e . S e —_'—-é;"‘;‘;}'-—h.‘- p o< L - ./ £
A<y (A ER(EES daimis 4
*‘Qﬁf‘:‘=—‘é—ﬁz—;'=—;=!f-" - 7 L/// —Zﬂ-‘—ié—/—"\

an —
/

B 18-2 #A No.l ez

18-3 tﬁgﬂ No. 1 Txzy

This document is provided by JAXA.



RAERBERBOOT AL L IcbH BT 53R L 28 23

PMn ¢ ki
[" y 4+ B
V4
2 ] . _f _ -
(N 2 ; i ; ]
\\ t ’ . ' ] ]
\\_____, | l l
' ‘. h—--.-+----'-._L_--'i—'_"_$—-.—.-’—.--——l'- ------ =
\ |
\ [ : , ‘
‘. i |
i !
\: { | i j
\J ‘ 1 L { 1000
18—4 ﬁ@ NO.]. Tuz
STA.
=mrm— T 400 800 1,200 1,600 2,000
5
o 1BiF 7=
o JiiF N 11,000
EHEIFREE & LCEtE N
ARIPRRE DU T S 4
~
N
10} >
151~

18-5 #i% No.1 7z

This document is provided by JAXA.



e BT 195 %

W7o r e RPYTHD
S OWMEL SIE L THH
i () . i ()

B 19-1 #%! No.2 e

~

y

1004
y b

B 19-2 B No.2 e

S

This document is provided by JAXA.



FERBEBROVTASA L Icb R BT 5 A L KR

1000 X2

—+—y
1004 |
z
| 1 J - ! - ! -
L _ ! — i
__..; *
]
: ¢ wiki
b , ¢ wti
|
I
1
__} :
j bm————- -
i t L
T ¢ * T I;:::‘::_-:————’————
I Fe—————— :
|
| i
' [ ———— J
(I
B
|
P
Lt-J

lzi 19-4 &ﬁ No. 2 Tyz

This document is provided by JAXA.



26

M F BRSBTS 195 %

STA.
‘mm
0
10~
~
o il KB SN
. \\\
O KT B ~
A REREE X LT i 4
20} SRS PRBE PO CHE
30
19-5 % No.2 b
1001
-Y
x
: ! ]
P e BB )
e s ey,
Wi iy A A— A a—
I AVAVAER] . D4 v /7
s /T 7 y 7
WAl S e __,__;L__74_ o o/
(D iy il i X 7 7 y a4
e P e A
“ = e — = T Z 4
7 N A 7 7 7
1,

B 20-1 #% No.2 ¢y

This document is provided by JAXA.



FRTFRESHHOVT A4 L LbAIBT 25 H L ER

1004

[ , x4 7 _
P A
M ,”:‘*——0——'—7;1:;.7"L— _// » =T s
S 7 —— A 7=
: -//;’ M _77' v // _// /s
A ity A =
//a//_',V7 - A j/ /,6 7‘\ 7
7 ety A A, A — ‘on
L. VA o — = _£-
LS / 7 e ~=7 X \
7 N\
A\
\
\

{g] 20—2 &gﬁ NO.2 £x

Bl 20-3 A% No.2 ray

This document is provided by JAXA.



28

BT H BRI E 195 5

* y
1004
z
j ! ] N l
‘ ’ {1 1000
[}
B e ' : ‘
i . ; :’ - i -
77
|
|
L 4
| P S bt + Jlooo
[ 4 [
FE
20-4 HR No.2 7y
mm
5_
1,000
. STA.
O A== 0= : t { :
¢
5._.

B 205 A No.2 b#i

This document is provided by JAXA.



BRERBEERNOO T L lcbr BT 53R L 28, 29

K 21-1 HH No.2 &

z
v Z Z A -
! H B i ANy "
2 N ik 7_4!,.\:
e : —— —
R I = A R A e ) \
2, N3 e L — T o ’ N \
s A T i TS
= R e ot A5 /A S
/ - ‘,4'&;’ y 7‘ 7 7 — s - S N
s e ——— - 7:_ L - —
T~ = — - - / 7/ L __/}{_—_.,L-_— ——
i " - '] w——-—v_ ol Samal 1— ’
-7 /// - -7/——9- 4 rY ___l//___ _—-i" ————— ,/

Riintal % 4 T ’
R
S |
¥ ]
1
1
[}

T K 21-2 M No.2 ez

This document is provided by JAXA.



|100/4

B2 TH PR RTSE AT 195 5

30

|
o
£ 8 )
N B X -
0:/// // i ale 2 —
N I |
IR\ 5 S A Ly
! A A | 1
S W !
1 \ | ! I
| ! \ '
S~ 1 \ -
-..J.—/l | \ |
| N | \ |
' _ lf...ll‘l“/// \— W _F
rl--l“||l||lll“|.|l|0““\/ w e —
! | i N bl |
T | _ z |
S \
1o~ | i e _ I
i - -— ~ o ‘ g + N —
A BN, _
- 1) l\ﬂ >
\ ! \ { i 2 .
Y T { 3 = 1
\ \ Iy = _
R | \ =
N\TTT \ £ — |
\..v.l(:|_ 0v||s \ _
TR N .ouv_ -
.\:,TIL, L i
L |\| -3 7 i |
' / / // L] _ll.l L
7 \\ uill“n‘ // -— —l
" d \\ V\\ |0.—.|.|.I‘Iu “
7
1 e i _
Wi \\o.. ..... 1 _
q P !
) Lo -
Lok r] |
NN }
————
e “

JIOOO

¢

This document is provided by JAXA.

- —— —
by o e

_{____,____*

R
K 21-4 #A No.2 ry.

}

-} ——

I——‘___



FRERBESENOVT AN L tbAH BT 5 AL K8 31

mm
0
5_
\\
~
o BIIFZ EB{E '{ \\\
O BT ERE \\\
\\
ERIFEEE L LHE e
HRPRAE O CHE
10 | I
e
15
K 21-5 #8 No.2 /b
Ridni:bs (HRHELLOTAFKEVEE)
1.250r B No.2
1,000
K,
| VAR
ig

PE2hA&

— g% 1 @EML LY
--= ik 1 B EHER T
O il 2 EEAME LT
A g2 @ BRE T

10
72 H A& {(mm)

K 21-6 fiEcbH R

20

This document is provided by JAXA.



TR-184T An Inproved Method of Designing and Oct. 1969 Kenneth K. Yoshikawa
Calculating the Minimal Wave Drag
Configuration by Supersonic and Moment
of Area Rules
TR-18 FRP muy | ) —X=— o ff SHiESHC 19694F11 7 /)il 8 —, 3% & & 7]
X 5 I ER
Thermal Characteristics of FRP Rocket
Nosecone
TR-186 ®4 vy MEBEEGEREET 7 F 0BT 19695127 H M & ¥, % H B
The Analysis on Transmission.line Rocket =H R %‘3, i B R
Antennas BAER
TR-187 sk—AhF i v MRS G O %E 196958128 A& J% H W%
A Magnetic Attitude Measuring Instrument 7 i B #
Applying the Holl Effect
TR-188 @81 BHERD Y v v OLSHERE 197018 KAESR Hals
‘ nalysis of the Anisoelastic Errors of a M B Ia 88 OK F i
Floated Smgle Degree of Freedom integra- HE%iE
ting
T R-189 %‘%‘Eﬂﬁléa/ Eakry bOBHONLTY 197018 BHA & f EX
Y EYIab—tay H KB KA %
The Hybrid Simulation of Guided and W R KM EE
Controlled Flight of Rocket
TR-190 BEFHC BT 55V HEDTH 197042 4 % &, A
Interaction of Blunt Bodies in Supessonic W=, FFHNE—
Flow
TR-191 Nearly.Free-Molecule_.Flow ¥k Ht 1970462 8 B BL, A 3%
Drag Masurement in Nearly.Free-Molecule
Flow Regime
TR-192T Transient Couette Flow of Rarefied Binary Mar. 1970 Kathuhisa Koura
Gas Mixtures
TR-193 Y —RFOIERBGRRRFEL ZE LI dEY 197034 HAH E A%l
—EROV I 2 b= 3 AR oA R &
Simulation Study of Hydraulic Servo Sys.
tem with Consideration of non-linear
flow characteristic of Servo Valve
TR-194 E&K%Q&Hﬂwtﬁﬁ VAT LDBRE 197065 8 5 sh—, ¥ H B ih
—BHBS L UHEH S AT A DOBREORE— KA EH M

uidance Errons

—The Effects of the Navigation and
Control Systems on the Guided Tra-
jectories—

MZEFEERTHERRERISE
M4 ESA BT

B ATHE M % 5= H B W OB O® OB
A # M A H B K F B 1830
B R =00422)44-9171 (%) @182
B BB — & & A8 & #

EABABRFHHABRIL1I-6-10

This document is provided by JAXA.



Printed in Japan

This document is provided by JAXA.





