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Static and Fatigue Strength of End-Closed Filament{-Wound

Vessels under Internal Pressure
By
Yukihiko TAKENAKA, Hiroo ASADA and Yoshio NOGUCHI

Two experimental investigations of end-closed filament-wound vessels which are used for
internal pressure vessels are describes in this paper.

The first investigation is on how to make filament-wound vessels that more than 80kg/mm?
maximum hoop stress at burst pressure. The specific strength of the vessels are expected to
be higher than that of vessels that are manufactured from ultra high tensile steel.

The second is to know fatigue strength of the vessels that hold 80 kg/mm? hoop stress. It
is very important to establish the relation between the cyclic internal pressure and the fatigue
life when the vessels are used for rocket chambers and any other pressure vessels.

From the experiments, the results were as follows.

1) Filament-wound vessels that had 80 kg/mm? maximum hoop stress (its value corresponded
to 180 kg/cm? internal pressure) were made. The overall thickness ¢/ (1.8mm) was composed
of 38°helical windings having a thickness 0.6mm, 55°helical windings of thickness 0.3mm,
38°helical windings of thickness 0.6mm, and hoop windings of thickness 0.3mm. The reinfor-
cement at the junction between dome and cylinder consisted of glass cloth and 55°helical
windings. This was the most efficient and successful method in making end-closed filament
—wound pressure vessels.
s ,.2) The relation between the cyclic internal pressure P and the fatigue life Ny ;

PN/~=C
where the values of the constants «, C were given as a=0.034 and C=178. The fatigue life
was about 50 cycles when the cyclic pressure was 85% of the maximum static burst pressure.
3) The relation between the cyclic hoop stress gy=Pr/t and the fatigue life ;

oy N5 =C
where ¢ was a designed thickness (1.8mm) and ¢, C’ were the constants.
4) There was no relation between the cyclic hoop stress and the fatigue life in case ¢ was a

measured thickness.
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BRBIE S GRS BT T A#ER (v Fu,
Mandrel) {25 &S0 TR LIZWDY ST 4 T A b
U4 vF 4 v (Filament Wound Vessel, PAF
F.W. BEL5H) BEETHrOBENREWD, =
7y bFy v AROMERENRERLE LTRS NS
NBHX 5o, L LEOHRIEELSEICFR
U7z, FRIGITHHC oW T b B 3 X O B
T BBAREIC OV T LSBT S < & Jn L 45K
I TW3B,

bhvbhik+cic FW. Qo @& AT+ 5
TR IS X O B3 B BRIED 21770V, 07
SRR HHR UTs, OO R I T, h
5 FW. M aEhs%sm e LTERT 25T E
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BT b7 & NIEREEN Z 0¥y THET F.W. 0
TR BT ENT I ERTERNWZ LV L, L
7ol TRERIESAEREL L CEERRICHED D72
Wi — & F. W. 2 AT ~& Th 5, SEILHTE
OMFEREERBESE, vy bFr LT X
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1) PNEREEER IR 2 AR 80kg/mm? Pl 1%
HEEL L, 2DUA 5 4 v 7 A%~ (Winding
pattern) 3 X ORI & FITEH & 0BBH S (Z D
T 38 EEICH) OFE OPE,.

2) 1) THELNEEFBREEIFRE LTHWRHAD
WHEOBER Uiz X 2184 7 VELFREO R,
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801) T, 15endsD b D% 2R T A VT 4 V7 LTz Kt
B =R E RO A L828, AT MNA (Methyl
nadic anhydride), {EEEEEmEWERS Y2 DMP-30
(Dimethyl amino methyl phenol) # fl\\/z, U1 /’7‘*
4 U REREBEC X VTR, BEROF T~ Vv
7 (curing) & LT, H—KEE{IZH125°C T 4 K,
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VIV AE 2V, ¥ 27— (Cure) LAEY
MR L TR R R LTce BT 2AEHE(EE%) X
PATHR TT5%TREE, VnTaih CIX BRI Y 70%~RE
iR oTWnd,

AT 4 T OFEZA~Y BvEE (Helical win-
ding) T, ZoftEkicd LTIV oW ETHE
BLER BRI BT ANVEZTOAEIT R Thol,
U7aid o THEARIC /e 5B E AT Z038° L90°DHAE
EEiZ L,

SEATER D BT ERIC 21 TOW b 2 BB EBOFR
A OFEPRESHTWEDD, ezl K
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POSITION OF STRAIN GAGES

B 4

PR TRAET L 912, B2 0EBEI R
iz, BRI T A w R, 72°%, 55°4% CEBRY
FHHMLTIT o/, X2 12K0#RMEOEHE, AE,
EIAEOMEEOE{LETRT,
EnRBRAHOHREKATEHERR TRERMICE
B KM AR 80kg/mm?® iz 3)i# L 7 No. 1133 X U No.
122 FACHERAAZ— Db DEFRA LKL, X312
EhRRICAWNI Ao REOER, AELRT,
BT ABMEOERIFHAK L CIZiE—THE 8 750
g) Tholh, BMEERKCENELD, Thbd
DEEI830~1, 0008 0B S -E, LicdioT
AELBERBROMURAME T V LBAICEL Y 1.8~
2.2mm {ZhoTLEol, TRETAS VT4 78
IR BEE, BEORENTL TR okichBig
HEORVILHIESESIELREMLLTLEY,
L xR AY—BRELTH FW . EEXRE LW
TLESIEDTH B,

3.8 B /K &

MEIZEHME (A D=hF A NV44E52) &6,
FOWMERILR TSI P r—FK o7 (PR,
HMP-3, B KHE/1500kg/cm?) & vy, FESHIBICIX
FreRBEoORER GrlaN, TK-2, BKES
300kg/em®) R 57z, ZhIZ X - THE, BE HKi
BEEEBITR S I LN TE L, EHUERZ OH
BERD A — 22 b IZHRAEOE L IRV T ES
s (GLMEES, PGM-500KA) iz & - 7,

O RBIERE 4 27T & S ICETR B2 A
MAKNH2 K BIUERRS @HRm2 A AEAS
F2R) KKAMvA -V RIS, FhRENLE
FiA, ARAFAOOTRERE Lo AWz b g
VHF—URES SmmotET 4 A VY — 2 (IBFnEE
%, YF-8)T» 3,

HRERAFEICTI—~F 1 72 L E, RER

3 BENEBRBRBR A

MEA e ER FWERA &|m 8
No. (8) (8) (mm) {(mm)
1 1172 877 | 151.73 1.78

|2 1218 923 | 150.68 1.90

L3 1190 885 | 151.15 1.86

L4 s 980 | 150.60 | 2.10

|5 | 1215 989 | 150.79 2.06
6 1295 | 1002 | 150.76 2.13
7 1288 .~ 998 | 150.63 | 215
8 1265 | 969 | 150.63 2.05
10 | 1250 | 958 | 150.63 | 1.8

|11 140 | 1150 | 150.70 2.20

| 12 | 1400 1110 | 150.70 | 1.90

AT AEBREH 7508
BFE€ERE3<TAl &4 (2908)

20kgfem?® Y HhLMBRAEI 5720, BERART
vy a v A(EEEFER, KE-42TS) 2356724
¥BILb VBRYMHT . ZTORBEILDOEE LR
&, Zoa—F4 rrRBET TESRAREERRET
BZERTE, —FERRRTIYOHERREFE
Ldica—F4 7L, REOMELY, BEH
Woa—F4 I BEITCLESRDOT, YV avrs
REBHERBRBBERHICB VAT Y, FAa—N
(R AH, ~<¥ b SM-101-BT) 285 = Lic
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I OREE CHREMGE ST 52 L AT oo RBHET
Zhich, Thba—F 4 YITHRENRED T/hE
WO TERL,

FHERE L b T OBMEERE KD Dcdic, T
ERLVCEHARLEITRY, DV TEAERREITA
oft. BIEEE ERRB T 2 HM (EHmH) OFEKD
FH 5001 BEFTCOMELE X, BERERRTIX
10kg/cm*E2EEDNEF M X 720

HEABR TCOMEREZTFEHTY - < DTk, O
FTHREHE-BIZEFLAEE L2 5 SRE Tl
E L,

ST o R ERRBRITIE AL (B NES/ Bk
) BEOVWDWY S 2#EIREO iR VAR (HE5)
T, #R UEGIS0RILL T Th 5, MIE - BEFET
T2, 1ERREST EFEIIEE LEHOEEIZ L
BNE~33Tholc OFRRETIILHOIE
RBERR LA FEDOOTHREREROEI LA
NVTHIE LS, Fo#&RFEHHLEBAFRIZE -1
Z Mg U F =D ol 0RE X-Y R DS
B wRES

4. BRERLTORE

4.1 BERR
4.1.1 B/WHEH

B L LIEFTE DS ERS b I EHERR T Ex,
vey 2ROz, OVT, BERABRKERD E: 2,
ENERE LSS (1) REEN Ey, vy, vyz &RD
7o

yzy _  Yyx

E:: EV

72?2 L, ez, ey BRNERMATFED 2 FRIBLY »
FEOVEHR, ¢ BNEPIzX 2B (0=
Pdj21), 1 3RBAVTHAE, 4 XPEHEE (d=
(do+di)[2), do WEHE, di INBEETFT. TDXD
KL TRDEREY R 4T, FHRED Ex 111
¥ 2500kg/mm? B2 Y HERATEVME SRR L, 5l
ELFRRBR TEON E: 3P0 LSRR D
B THRKENR BB oo EIRT Y U vay EB1R
REBTRDLOL (ROHBPERDALDOLT
i, BEAYOBEE Lol

STRESS

STRAIN

CYCLIC STRESS-STRAIN CURVE
(PULSATING)

X 5

4.1.2 R LEE

B KA /123 80kg/mm? L L CRUBAEITIR TR

ETBLOR—0DEIBEOMEE " F— L ERIE

T 3%, BELRBREREILITR > CTERKREZM

2 TWol, TORERBREREYK 4T, UTE

DEBIZ OV THMICBN ML TH X 5,

No.14, 5 No.6 ZTHHIEEREMNLESAR

PRy DB OEEH £ 72, No. 7L ENo. 12

Y CRAMNOREDENEBROWE ¥~ OR4MN

DONWeDT, EEPR NIV EEET DI LRLE

KR EM A CRELITR 57

No.l : #IKEAMNIG 38" &2/ ESE,
SEESMICEZDO 7 v 2% 118, 38° %2
B, 90°%1BL L, ZoRBRAEIEE
oI FIE L, HRBLIBL (SR
Wicbhhppolo, LR -TEESFRLD
SERRTB—F, AL 7 v ATHMKTS
ﬂ‘gﬂsﬁ)oko

No.2 : #xHix No.l bRILTHBN, HEE
Bor/u A% 2BE Lz, Ui UREEEIE
B CEFRISOCX VEE L (X6),
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No. 5,6

No.7,8

WH—EE T 4T AL T 0T 4 U TRBOFERE I X CIRAREE 7

Max. Pressyre 88

_HOOP S‘b’ess 45/4%

M6 & H B

B RNFERE 88kg/em?, TSI o0 SEATHE )
JE Ak 4bkgmm? T -7z, L7t Tl
B % & BICHRT DLERH - 7,
PR & 2 R 5 &0A A TR L 7223,
TR SURIHERIC 2o ToMmB S L
SHEEEIZ X W= B -7z,

No. 2 0B E RS S7cdiz, 72°%
A38EDOFMIC ATz, Ui L72%8 0%
FURERH B ORI L < BERI I 2
By olz, T2°EBITBBH S ~DA— R
T TRERELRNDT, X DINS s
THELIFVRONEE bR,
No.5, 6 mERMT & S bICHRT 572
HIZ 55° A THE, ETMEFFISS Tl
BIXE5DIT90° FEDh L, BER
DFER, BEIX TR LY 8 0 FITEMEH 1
JEFITHEAE L, KIS /11 #960kg/ mm?

/cm“’*

IR SN =

No. 9

(e RNERFRF 124, 129kg/em?) T
HY, »oFLA4IWRT L 9z No. 7, 8 ofk
Bo—KIRIFT, HREOD D2 LBR
OOz, MEEILIZ FH IS -HIC
W, foEs & OMEDFKE N B B,
90° &AL 5 Z &b 1@“' EEbR
7o

No.7, 8 ®90° & &Hh+ 5 L L iz,
FRUC O TR Z 24 5 B B B 459 &
YRS DR T 246 0 7 iE Tk 7w
A (SLS-213B) & L7z, 7 = 212K 3
(BYDOHETHEB LR, 87 e 20
M DOBEE MO T4 T ¢ LS B
BUERZHFRAMANICAR - 72, fEF8ITE
I~ TR WO 2 D 5 058 TR
W S OUNALBLETH Y, FoRRE
MBEF ORI S E VHIFHTE A0 L &L
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- " 5’:  aV,
Max. Fressure 16T

Hoop Stress ?3

X 7 R ER Iz

bivlend, EEOWEIT BRI THis M
S DFRAEL X 7), ZFOREOIETH
B BERKMER S 73kg/mm? (K
WIE 167kg/cm?) TH - 1o,

No.10 : No.9 LB X7 — L EZFILTH D5,
TR TR v 2B (C) oFEIC &
oTm. FOREE, WETETE THERS
2k DA L2 (K08), BREE 1L 73kg/mm?®
THHE T BBEICIIWEL+STh1 -
Too ZAVEERTFRE S v A OH Y P D3 EED
LL, FRABRov A o F 4 IR
Bzicicd bt Ebh b,

No.11, 12 : No.9, 10 » &% IR LT,
QY%Q%WLM%ﬁmwﬁﬁ%%Mé&
oo & OFERIEEE AT MBS /e X
2T THRAEL(K9), No. llidf kmﬁ
I 7183kg/mm? (i KN 187kg/em?), No.

Y/

X B Rk ECGRE

120 fie KA RIS 77 80kg/mm? (F kPN E187
kglem?) L 72 0, Fi#loBEICETSC
BT E Tz, MEREOIEE I KT 2
PEIXR AR L O Il TRM 72,
PlbofERzE4, HIOIZ—ELTRT, T-3T0
HEER BTSN T WL B2 &1, NEM 20kg/cm? 372
D> GREHER O BIRE S ERCICIEIR L T, Stk o
THEDEHDIDIZA M LA V7= F TR 2%
TOTHRUENRTE L kD Lidb b, HETS
JER, ETHEESPRNECHZ b ¥
P 1 2 ETASRE A [ RIS 71 THREMT 4 B & [RIRRIC 20
PRFEONCTEIEE U, T CIRER L o iR i R
THEEEPZCHEL TREL T 2, B EICED
FEEEE L FOTO 38 FIRT Y VAR E
5 73 (38°& D ATV U HIEKI0. 59, 90°E13£90. 09),
WhW BT 45 IRAY 3 X ERAESICEN
TLEY LD EEbh %,

This document is provided by JAXA.



MLZEFHEATRIEATE B 1435

No. 10

9
Max. Pressure 172"

, K3 o
Hoop Stress 73‘W

§
3

b
iy

OB X B oK

| e
Max_Fressure 187 o

2

oop Stress 83 e

B9 # BB T X 5 BB R R
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BB 745 AUk - DA VP VS RBEORIERES L CEIRE 1

kg'em? kg ‘'mm?
e
O INTERNAL PRESSUREuwx
i A HOOP STRESSus 8 —{90
) v
0N faX v
9 150} &80 =
& &
A :

o o 70 &
Z o c
x =24
b A 60 =
z 5
= 100f- 0 o) =
= bt
é o) 4 é —50 5
=, A ~
= N
= o
= P —40

o

& L 1 t 1 ! I 1_lsp

Sl 2 3 4 5 7 9 11

6 8 10 12
SPECIMEN NO.

STATIC TEST RESULTS

X 10

&izNo. 11, 33X U No. 120 t3Kic >\ T, Wb
¥ % Netting Analysis & FIWEATIHROHEB ¥ — D
FIRVEBXTAHAL S, HMIBERE LMoRE ¥,
BERTEOEREL, BECRTSTELWEAR
FERALTWBEEETHIE, WAWSOAENRHEES
ST B E TR THRESMb - eV E - T
Bk (2.1), C.2XEHWELATHhIE RSN,

Liotar =101+ tos+ -+ ton (2.1)

ta; (1-3cos?d,) + tes (1-3c0s?f3) + -+ + 182 (1-3cosla)

=0 (2.2)

eZL, towat REREDOHE, fm BEEIAED
BORE, 6 BEEEABELTT. 428, 2.2)X*E
DEHEL SIXMHBEALFAAMARL Y b3, AR
(R YAREN SIS PAD PSRN SO 3/ 3 Y = & A=Yy
FOBERZERIEVE->THWEHI &S, No.ll,
No. 1Z2DfEE ~ & — ik 0,=38°(4 ), 0:=55° (1
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