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Adhesive Strength Improvement of Butt Joint due to Duplicated Interaction of
Additional Notch

INE L, TE BEIEE*? HF O —H*2 ] KLFrS, FHE OB
(Kazuhiro ODA)  (Marika TAKEO) (Kazuki IDE) (Noriko TSUTSUMI) (Nao-Aki NODA)

Abstract

In this study, the strength improvement of adhesive joint is discussed for the steel/epoxy butt joints due to the duplicated
interaction of additional notches. The experiment is conducted by varying the adhesive layer thickness % and the notch
depth ¢ in the range /4 =0.1~2.0mm and ¢ =0.4~1.7mm when the specimen diameter D =12.7mm and the interval between
the notch and the interface ¢ =1.0mm. The intensity of the singular stress field (ISSF) at the interface end is analyzed
by the proportional method, as well as the interface stress distribution. The results show that the adhesive strength can
be expressed as a constant ISSF independent of 4 and ¢ except for too deep notch. The adhesive strength ¢/ (h) of the
butt joint measured by following JIS (Japan Industrial Standard) without notch increases with decreasing /# due to the
interaction of upper and lower adhesive bondlines. The adhesive strength for the case of additional notches increases
with increasing ¢ due to the duplicated interaction. The analytical and experimental results showed that the adhesive

strength can be improved due to the duplicated interaction of suitable additional notch.
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BIE & )8 &L DEEERER, TESBHOLRLTHEARGETHENIh TV, & ITEFETIE, BE
LB &I LA B & LT, #EBAHITO BB H-CHi2silie E~OFRIARIER L TR Y, BEEEG 08
TR BB MO EEL~DBERNE £ > TV D, BEEHEARIL, BEARmEE CREISEN
AU, BEAERESOISANERK E 25720, FEm» Hid< B R/WNE UHBEICEL AN SV, Th
FC, FmvmiB ORFFRIC 1Yy, St & R D WIS O & HOIS IYERRE 7 BT DR K A
BRI TE . ALK DOB-EA 20%, B BIBURBIEIC X o THRmEEEE OIS /135 DRV 2 iR
FLTWD. BEL NE, ARESRE (FEM) (2L o> TH D = R T EE O J& 1B Ot % v C RIS
B RRISHSEOMS (ISSF) Z3Hili§ 28 e FEE®E L TWD. S5, BFHG Y, /JHED 9
AR e i S HATRET D 2 & C, ZOISSIERGEE (SIF) (ZiEH LIcBg 860 O ML O A H
PHEIRL TS, ZRHDOIFEIC L » T, BEEREN ISSF —E DM (K, =const.) <2, AR 72 fm
o SIF —EDSFM (K =const.) & L THEHMICRITE L Z ENUMICSINTE ., LEBR-T, b
MOFEE, 72 & MR &R EICL - T, £OISSF (F721% SIF) a3, BEEmEom 3
FECED. TWHREFIMH L CHER L2 B LEETE, ThET, AR E 0.0, ZHENEY Y,
e TR IR ENRRREINTEZ, £, BHEERRICER Lo mER RIZET 25T, AT—
THEF 10, BfFEMEF 0120, ORI X S OEEEMRT WICEH L THRESNTND. L LRns, A
T LT, PR EHOTHEER 42 B L72FRIEEE L OM DR 472 5720,

T ZCARMIZE T, BEEEITERICER T A R I L D EEERIE O LIC oW TR 5. ABF%E T
BT HIEE, UIRZICEDIENEFOTEHREL VS DFAFEIZIE SN TE Y, ERTOFIED X9 128
EEBRED L ODOELIINE L L., T70bb, #EEREEOLOTIERL, Fmil OERDH %
EREEORGE L TUIRE Z2ME53 570, WHITEMANZRTIEE L THEHxOISHLIFCTE 5. B4
FREEIL ISSF —EDRMTRIND Z L0 b, ISHETOREMORRE b UIMICFHMECE 5. AIFETIE, *
7T, AR ICHEUIR Z 2465 L, ZOFERICEI D AL 25 ISSF OEMOREE # Iz T 5. RIS,
T OBAERE Z EROICRKD, BETDHELHIC, MIMUIREOBESBIOEEREES 22 bS8 itm Eo
AR B AT U, B TN D BRSO 2L & Z DHEETRIE & OEMRICHOWT bikind 5. mEmicis,
PERE 2 ) LSS 52BN RMIMOIREOREWA LT HZ EEHNE TS, UIREERIE, HI L
B0 OMHEENR RIS IO R E BT, 2 2 CIXRBRA N T oG E, HEETEE L CiEm
%.

2 MINPIREIC& S REMIBFFRIBOAS ISSF DERZNE

21 HRYXREAZARREERFEBRS

B 1 ICHFgE8 & T 25O LT, B 1(a), (b)D#2E R imuEs o ISSF Ot 2170y, YIRE D
HEWZEAHHT (BIREIRS 20 EHT2) ICUIREAAINT5HZ L1285 ISSF O 2 T 6T 5.
MR ET HHEENBOBERIID =12.7mm TH Y, IR Z PEp=0.4mm 7¢O NI RmsmES D OUIR 241
Ec=1.0mm (& HICHEE L, LS oP =0, FTISSF 24 5. BEEBES%4h =01, 0.3, 0.5,
1.0, 2.0mm & L, HIREESt =0, 0.4, 0.6, 0.85, 1.7mm &5 5. &1 AT CHW-#EEMB IO
WEM OMEIESEE T, 81D a, B ¥ Dundurs /X7 A —X ThH VY, NIFREHPFEEZTHS.

B 1(a)Ds A O RIS L, B Ab)OR RIS L, R TESND.
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(a) Butt joint without notch (b) Butt joint with notch
(t=0) (t=0.4,0.6,0.85,1.7mm)
Fig. 1 Cylindrical butt joints with/without additional notch
K
a,(r) = TI(_TA ®

B 1(a)D i A DFFRIE 15058 S ISSF GLuK, THET) 1330Hk(14, 19I5 256N Tn5. Lo, i
Z[A U FEM 2 v ¥ = TEHT94UX, FEM IS OBENFE T &5 2 Lnh, B ISSF AR E 2.
Tabb, B1@)DOFERE2EENEOME L THWD Z LN TE 5 1910, ()T, ridBEEfEmEos A
SIBREEGMOERCH D, KR T LI ICRE TOIE Do, (NI, 0,(r) « 1/r A OFRREEZ A L T
L. A B ORFEEEBEAIUL TOMRE TR ZMS Z ik THbZEnTEs. K@
ala —2B) > 0D L=, FIZIEE—D20FELMWA< 12 b0, T74DL, SAORESNTIEL1 >0 ISSF K,
TR IS,

fa2
sin® Am =0 (2)

[sin? (ga) - (/1)2]2 B2 +2(2)2 [sin? (%A) — 0% ap + DAW? — 1]a? +

Z 2T, alpBiXDundurs DEE/NT A—ZTHY, BoEM & BRI OBBIELRIRG & AT > b v B LA
ToXQB), @TEHESND. 22T, FIRT =1, 20, MBI, 252%£7T.

a_Gl(K2+1)_Gz(K1+1) _Gl(Kz_l)_Gz(K1_1)
Gi(ky + 1)+ Gy, + 1) Gk, + 1) + G, ( + 1)

(3

Rt T2 (3) R R



3—v
Kj {1"' (=12 (4)

3 — 4vj(plane strain)

BEA R O R RIS 15O S K13 RG) TR I D.
K, = liiré[az(r) 1172 (5)

7o, R A OBYOULShiz ISSF Fi3R(6) TRELS S, HRILIE C b 5 O THIETBIR CIEIF T &
20, BTHBRENGE LAy —VETHEATE S, 22 ToR i@ hglfit), MIgEBRES Tho.

Ky
FU = W (6)
Table 1 Material properties used in the present analyses
Material combination E [GPa] v a B A
S35C E, =206 v; = 0.30
0.973 0.174 0.6705
Epoxy E, =2.64 v, = 0.39

2.2 JISHBICE S ARRKEEERFO JIS EFEE]”

B 2(a)ic, JIS HUKIZHE SO TR - BEE MRS T O JIS B HEoe = o/ (W& RT. 24+
HEFOF[HE Y REERERIL, JIS K68491DIZHIE SN TRV, BEmICEE S MICHEZAf L, RO
KRIFEP ) SHEETRAZ RS 5 2 LIk - T, %@%I%ﬁ@@%ﬁﬁr%*&)é (0 (h) = P.JA) . BB T
ELTE, BEAEENS L 12.7Tmm OEFETH L AL, EHEN 12.7mm OMEOELLnEHWD Z &
WTEDH. 2P, HEAEIZHIT 230 ﬁx%focu\ct 2, .ﬁh%ﬁ)#ﬁ&ﬁ/? Tz ==L a A R ERARATS.
DL, JISHKKIZITEEBIE SRMIETIHEITZRESNTELT, FoXkisRimbbAblbn. L
2L, B 2a@)ird Lo, @%?ﬁf“oc(h) IFEEEREESRORD & L HICBEFICHEMNT S, 2ok 57 JIS
DHEFETRE )" (W) DRRAFVEIL, #2385 RSB E U 5 5 BS503R S ISSF 75 HIfIC I T& % 1917,

B 2(b)lz, HHEIS o =1MPa &N L7zBEo, Rimsiso ISSF K, = F, o°h*™* %779, Z 2 CTE,D
X, HBlER EOITIEIC L > TSRO LD ISSF OERILETH Y, %k 2R2I1CEFEDTORT (A
2(b)DF, DAL, & 2 Dt=0 DHEITHHYS T %) . #2EEE ShOWD & & b IR J)o® =1MPa To ISSF
TR T 5720, B 2@)0 & ) ICHEEBEShOBD & L bICEEREIIRINT 5. bbb, #55 Rmi
EROR BSO8R & ISSF 12 BT IE, BEEMREL, 2(c)lZR"T L HICK, =F, 0°h'™ =796 +
140 MPa- mm®32%=—ETh 5. Z 2T, B2Cc)DK "%, FHETIEERLETHD.

B 2(b)iZ/~ 7 ISSF K, = F, 0°ht™* (0 =1MPa)3, #5EBEShORED & L HIZET 28 HIX, HaEmE
ETFSMORFREOTHHDRICE DD EEZOND. FRRSOEHEN/NE AU THI2 L - T ISSF 13
LF B, KE R JIS #EMREC]S (W 255 1T1ThE /NS FHIT XV, BiRICha/h &< 45 2 L I3EiE
OREMIOEELHLOTHEEL 702, B 2(b) & Rk TWhRIZ L5 ISSF b %, & LAHINEIR &

DXHTI'_A (4) ?‘ﬁﬂ(&ﬁﬁﬁﬁ
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(a) Critical adhesive  strength  ¢/°(h) (b) K, = F,67h'* when o> = 1MPa analytically

experimentally obtained for Fig.1(a) varying
depending on adhesive thickness h

obtained for Fig.1(a). The variation is due to
the interaction of upper and lower bondlines

1o ' ' ' a7 = ac(h)
n L] 11
H12 :
: 10 * . Euva |
: —
. .o L) i
sz- 8 -=0-- bl Bl i ------------- A T |
o ' [ ] t h
5 6 L] J
B E.v |
" 22 ¥2 H
A Koo = 7.96 + 1.40[MPa » mm®3295 | |
D=12.7mm
2
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|
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0.0 1.0 2.0 3.0 4.0 ]
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o, =ac(h)

(c) Adhesive strength expressed as ISSF=const as K,. = F,0, h'™* = 7.96 + 1.40 MPa - mm?32%5

Fig.2 Adhesive strength in Fig.1 (a) expressed as an average stress a{’s(h) prescribed in JIS and
adhesive strength as a constant ISSF K, = F,o.h'*=7.96 + 1.40 MPa - mm?32°5
(K22"*9¢ denotes the average value of K,. with a standard deviation)

ISk o TRATENE, BEEESREMICED sS85 Lk, EERE] (a2 ESEs 2 L n
RFC&E L. RO L LT, Sl ORI ZH K S 245 MO R FRIT IR O HERAIRE 3 2 Sh
TWD V. KIFFEOUIR EHGIZ L2 FEE, BERPRIIEZEE L2 THI0nE W) JIZFER B Y, E
M CTERIZFEE LT, FEx OREBRGHEORFHISHETH D, HEMEIL ISSF —EDEKMT
RENDZ DD, IRNEFORERMORE & AMICFHECX 5.

Rt T2 (5) R R



2.3 ISSFICRIFFTFMUIREICLDFHHE

1(b)DFIINEIR & 2 BT HEEGENBEERB A 2550 E LT, MIMPIRZOUR X IEI LT
ShEZEALSHT, #EmBO ISSFIZKIZ T TUWHIROFEZIIOMNCT 5. 212, B1(b)D ISSF O
WItlE F, = K, /(o ht™) % Lk W 9 CTfist L2 fE R A2 7R3, 2 2 ClE, IR E &t =0, 0.4, 0.6, 0.85,
1.7mm L#EBESh=0.1, 0.3, 0.5, 1.0, 2.0mm (& LT L7=b D TH 5. B 1(a)? ISSF 1%, &
20t=0LLCHEZLNTEY, AMIRESEHKTO ISSF (R 2 O( )*OfE W) & —HT25Z L8 bnd.

B 3z, Fusmido ISSF K, = Fyo, k'™ Ot R4, HKHEIE 0P =1 MPa % 52 128581087, B
31Tt =0 OFEFRIZJIIS HER A (B 1(a) OFERTHY, B2b)LFLbDTHS. B3 LY, Mk
TR ICHBN TS JIS BT L AR, BEREShP/NEWIZE ISSF Z KM TE 22 LB D05.

Table 2 Normalized ISSF F,(t,h) = K,/(6Xh'*) in Fig.1(b). [In Table 2, the results t =0 and h =

0.1~2.0 are F, in Fig.1(a). The results in ( )* are F, of prismatic butt joint '¥]

Fy(t,h) = K; /(o7 h"™)
r=0 t=04[mm] | t=0.6[mm] | t=085[mm]| t=17[mm]
h=0.1 0.352 0.976 0211 0.129 -0.049
[mm] (0.353)*
h=023 0.356 0.320 0.285 0.231 0.056
[mm] (0.357)*
h=105 0.361 0.338 0.314 0.276 0.129
[mm] (0.362)*
h=1.0 0.373 0.360 0.347 0.327 0.233
[mm] (0.374)*
[mm] (0.397)*
— o =1.0
T 0o _ 1Tl
£ when ¢5° = 1 [MPa] .
L 05 F A ! t
& E, v, |
= 04 | T ! F
SIIN ol s | p ¢ =1.0mm
S i 4
E 02 E; v, i
S i
E 01 F D=12.7mm
e T
I !
A ] N
II'c 0.1 : : : ! l l ] l l
5 0.0 05 1.0 15 2.0 25 6 =10

h [mm]

Fig. 3 ISSF K,. = F,6°h'~* when ¢ = 1.0MPa analytically obtained for Fig.1(b). The variation

is due to the duplicated interaction of additional notches

Rt T2 (6) R R



FIINEIR & OF W RIL, MR ZESeOEMNE & LML TEY, ISSFOLVEERKTE LTE
C5. FiZ, UIREHESt =1.7mm 2BV TiTh <0.2mm OFH T, K, N8B ER-TEY, FEasssfitis
TIEMIGIDNEL D Z EREnTz. 2 b OFERE RIS, B 1@)0EA T oA RE 5 LT, B 1(b)
DOIMEIR & 26T 525 MFOBEREN M L3 200G 0% ISSF OBLENHELET 5. AR THW
A IRE R LMY Y 7 b X MSC.MARC/MENTAT2019 T 5.

3 YR ZE Z8(T-AEREE#FO 5 REKEHER

31 BEBRAMEBXUERAE

1(@)® JIS MFEZES Tk TRER A &, B 1(b)OFHINIKR & 250 7= A A T2 8YE L, 5l9ERER
WZE o THEEMS 0 = 0. 2RO 7. BEMIIT B EHRFEMN (S35C), HEEANCIZ=RX 5 (EP-
160 ZLAUEE) 26/ Lz, #EM osE %2 60 FOMCT 0 TR L-#%, WEME 7T &
FociE U CARHBE o H FREE RS (W-113) T, 10 5B odkEa 3 FITWBE L T\ 5. #iE
I ERFR-OBLLE (7 F ¥ —28) T 60C30 oMM UKE L Fif 7%, BEZERL 7T 40 RO
TAZEAT>7z. WIZ, BOHTWLEEM VATRERIZ 2 ROWEM A EE L, [EHIECHEZ I LiAZ, EX
JAC 150°C2 RERIINZA L, 1 HIF@H L7, 5 R S I3 & [AERICh =0.1~2.0mm TRAEL 7=, JIS (23
SMAFERGERT (6=0), BLOYIXREHM (t=04, 0.6, 0.85,1.7mm) @ 5 FHORERF 2RIEL, #
BRI G LIz BIR & O BN S [BE OMEMHEIE 12 5 2 2 R Z 7. slRRBRICIE, BEil/Epri
DFEE T RERERME (AG-250kNXplus) # W\ o, Bv A icids Yy —T¥ () ®o “#is | iRRis B4
Ay, BEERBRAICHTFMER L2V E I L TWa., BIREEIZEHE T Imm/min Tfro 7.

3.2 SIREBRER
B 4.2, ERCOROIEERS0® = o 2T BTHEREEShZRL TS, B4 TOuE, £

45

0 ¢ = a5 = a.(h)
— . : RN
& o35 p & ° ’—\:C::
E A E, vy I !
= 30 ¢ -1 i
< L :
:b 25 i & |c=1.0mm
= L= %h
£ 20 ! T
—~ Eyvy |
SIE i
N D=12.7mm
10 r T
X XX X Xare used in Fig.7. !
5 r The results denoted by ( ) are 1 —
fractured at r=6.35 mm. l J l J l
0 ' ' ' ' a5’ = ac(h)
0.0 0.5 1.0 15 20 25
h [mm]

Fig. 4 Critical tensile strength o.(h) in Fig. 1(b) experimentally obtained by varying additional
notch depth t in comparison with critical adhesive strength ojc”(h) prescribed in JIS for
Fig.1(a)

anTI'_Z’ (7) ?‘ﬁﬂﬁﬁﬁﬁﬁ



EZBFEPI TR UM TH D, JIS IS AT (6 =0) LUIRIMELET L&, BEE
JEEh < 03mm TE, YIREESH/NEWRE At =0.6, 0.85mm IE, t =0 & H~_TEDOEEEMRER L
Roid. ZHUX ETOMEGIREIC X > TR RIS 15O S ISSF NMEREN 5720 ThoH EEXD
5. #AEBESh>03mm CHLESREOLLOM EIZRONDH, HEVEETITRY. Zhix, kT
OMEYIR & DB D720, IR ETWHROEBN NS DO THLEBEZLND. —F, t =1.7Tmm
BV, #ERESICEDLLT, BEBEIXMET Lz, 2, UIREESIAREWVESICIT, #E5E
SRER D D ORI <, RBRA A RE (B 1 Or =6.35mm) (06 OMENEL D20 THDLEEZD
N5, ok, 84T 2oEREEZ (B), (A) TRLTWS. @HEOESEMHT (t=0) TIL, #
T FUE S ORI OGO RMEAEERL R & 72 0, ZOEAITIIMEE ST 79—, AN, ~y 2
JVEMHIN DI MNBIEE SN D Z ENME S TEY 18920, KRB THLZDO L S RmnRBO LD, L
2L, UIRENENESEHTF (W), (A) TiE, HiEssOREMNITIZZ O XS 2k ABIE S LT
W28, BREERNEEN LA LT TWD I ERTRERIND.

4 FIPIREZRITE-ARREERFOBREREDOER

41 ISSFICK > TRLI-ARRKEEEHRFOEERE

B 50 B4 0ERWERLE 3 O ISSF Offrki iz k2, B 1(a), (b)D 7~ T o FEHR R ORMriRE O
ISSF K, = Fyo k'™ &R LebDOTH L. Bl EEEESrZ R LTV, B 512, t=0 OEREA
RWNEE ORI D ISSF O FE K29 2 R LT\ 5. B 1(@)ot =0 LB 1(b)DYIK X 5 TY)
REPENGS t=0.4, 0.6mm (BT, K 3BERESICEKAET, 3 —EEERL TS, I
i, t =0 YR EDERWVEIR EH (€ =0.4, 0.6mm) TIL, $E35 R EMED DE L TWbH 7o EExbhbd
—77, ( VAT E-ERER, T/4bb, t =0.85mm Th < 0.2mm DS L, t =1.7Tmm Th < 1.2mm O
BIZBWTIE, Ky MUDOBE L0 R0 IERVMEL 2> TV, 2D Z &b, YIREDBENES t =1.7mm

16 o
a;” = o.(h)
14 + _ 1
— K22er9¢ = 7.96 £ 1.40 [MPa - mm°32°%] I l .
Lg” 12 o E | -
SE 10 | . ° \ N ) 1 Euwv ! F»
o ¢ A o ® T |
E 8| Lor———pie___|/ L S —
© "‘ﬁ *° ml AT | ﬁc =1.0mm
E 6 oot 4 - ot=0 i ' fh
L
I_U‘ 4 _(A) (.) *t=0.4 1 EZ'VZ |
© |
X L J
2 n ®1=06 D=12.7mm
0 rgf At=085 7 i
2 r Fractured at » = 6.35mm mt=1.7 B O\._../
. T 1111
0 0.5 | 15 2 25 07" = ac(h)
h [mm]

Fig. 5 Adhesive strength expressed as critical ISSF K,.=constant in Fig.1 (b). The constant critical
ISSF K,. = F,0, h'™* = 7.96 + 1.40 MPa - mm°32°° is obtained from Fig.1(a) corresponding

to t = 0 in Fig.1(b). (K;." “9° denotes the average value of K,. with a standard deviation)

Rt T2 8) R R



Th < 1.2mm T, MmO Tide <, B OHRE (r =6.35mm) 7> HMEENE LT 5 AlHE
PENZEALND. LLUF TR E ORI 0 2~ THRE 2.

42 MREESERFOEMFOFRELEDONEHSH

6 LB 72, MAEAEEMHFOREE N E EoNEEES M (rFm) Ok 154 % FEM f#fr L7-#5R
N B 6 |ZHEHEIE S0 =1.0MPa #5272 & D (a) #HEBESh=02mm &, (b) #EEEES
h =1.0mm OEEDOFE EOIS 5 Fio,) &R LicbDTH 5. B 6 oL, FmumdinohiE Tolf
Biftr & ARG FEEE2r /D 2 56 3 TR LTV AL RS idr <0.02mm (130T, AR TR R BS S5 40 O T
0,(r) = Kg/h' AL —53 5.

7, BE6(a), (b)t =0 ((PMEIRE72L) OISz~ L, BEEIN/NI VR =0.2mm OAIC
B L PSR O TFWHRENBRE WD, ISNSAAITNEL< 25, W2, t=0 ((HNEIX&7221) OG5
Fize, t+0 ((FMGIR&EHV) ORI EERD L, B 6(a)Dh =0.2mm OBFEITIE, VIR EES A K

3.0

gy =1.0
sl [RREE
= S
oy .
= ! t
- 20 F Ey vy | F‘
I T I
8 3 1
2 15 | I P ¢ =1.0mm
2 iy —
z 7 h
= ;
E 10 F Eyvy ]
S [
D=12.7mm
05 :
i
N
0.0 i
0.0001  0.001 0.01 01 7 [mm] ! 635 ] I l l l
157 X103 157 10 157 x10° 1.57x102 157 x107 | a;” =10
2r/D
(@) h =0.2mm
3.0
o =1.0
. AREE
< ol
= :
= Y t
- 20 | Eyvy ! F
I T !
8 —
= 15 I ¢ =1.0mm
g g m——
2 | h
OB Eyvy |
S !
os L D=12.7mm
Ky e, ;
o,(r) = Fia [ 8 |
oo . . . ‘ S
0.0001  0.001 0.01 01 (mm] 1 6.35 l l l 1 l
157 105 1.57 x10° 1.57 x10% 1.57 x102 157 x10° 1 o7 =10
2r/D
(b) h =1.0mm

Fig. 6 Interface stress distribution o,(r) when ¢ = 1.0MPa and the asymptotic singular stress

o,(r) = K,/r'™* expressed as the dotted line

Rt T 9) R R



ELBRDICONTREICHNBBZI NS D Z PR TE S, —J7, B 6(b)Dh =1.0mm TlX, t =0~
0.85mm F Ti, FEFR US> TEY, UIRESES ORI/ NSV, T72bb, t=0 O
FEFR Lt #0 OFEROE N E L TERIINDMINEIR X2 L5 PR IT, #5EE SN KE VA =1.0mm O
BA LV EEEINNS VR =02mm DA, LVBEHBEICALD.

MBI R N K D FUSIENBZICAEL D &, S e LTH 2D EHEIE S0 =1.0MPa 13— ETHDHD
T, ST O R RIS O TIZE, J102 0 AV HERER TN, FRZEER T H O =6.85mm D)%
HEFREL 25, flz2IE, t=1.Tmm TIX, E¥EL o =1.0MPa (2% LT, FLTO Lo, (r=
6.35mm) =1.5MPa F2£ £ C L5 5.
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