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Abstract

In this research, stress components and principal stresses of O-ring under internal pressure and under uniform
squeeze rate were obtained from the stress freezing method of photoelastic experiment and photoelastic experimental
Hybrid method for 3-dimensional problems. The obtaining processes of those were introduced. It was certified that the
processes of those are effective for the 3-dimensional stress analysis of structures. Stress freezing method, the obtaining
processes of those and photoelastic experimental hybrid method were effectively applied to the stress analysis of O-ring
made from rubber that under uniform deformation and internal pressure. Stress components and principal stress of O-
ring under uniform squeeze rate and under internal pressure were analyzed.

A Fe oRE FUS THIE g o 2
1. M E g Fol et MY Bgshs 72z g o
24 2mdg et 744 AsS AW
W 2P (ORing)S wsrel Feshe gy VW wde] AAY oF Fef %o v 4
7], G BE, SURE, 9 2l uxe HelA d5&9 Wt mE A5 454
T =7 24 S ugow Aesw gk 2 °ldd WE AS A B FAgHer ATt
&3 9 (0-Ring)el 2ol ol ool = SUTE Adel Hig 4 EDE A A s
Hol 9@ pEels) el ngel Ageta ok, P et A@AE ege] v eHdUE
ole)d Az AY YgzAd we gost ez AAek=Tl doA eFe] Jddde FHER
Z70) didte] 9o £¥AS Felgloopyr m XS, 2T 3 Al SEHALE A =
oto] et 7uexet 1 gz =D okdaln  AMASA &Skt E=E e¥o] HAA =HAEH=
AL gl AAEAE 4R gk, oo WHiSte] HEd wl= SR Ee] HAR Were] %
A7 WYZ sy YJal= Ugte] zestn o &3] Hol= e FHo] s FEHA=
Ao g5 W odo FHYHE HEsHA § gerh B dyddAs dA 2gxdd ofg, =
A3 Part ok, Uote] Aeat= sEzdda UFVUIEY WEe wE o9 TS A
oS Py Ao} o2Aoz cHHMsr T T b AL Fu AAGAE ALE)
A% e¥EA A9 9 Feygaee yolrmry AL gHEEAWE FEALY stolBBYE et
o ol F7 e AL ©EE AL Atk 1Elar 2 oAFtel A JidE SEEAE #F
532 4x13)4S st} Antonio StrozziP= u¢h e A7 stolBEIE S o] &ste HESH, o9
o] Z-gslA P 2A FhEdE AAE & Wil sHdY S¥4E, T8 o= T8k
ode oo tate] AT FxEAe 2% 3 A SFHFEE WA A Frh. o
olgate] SEFLS AP, AF George® A, A T Z HH FEHom 9Fo] ¢ A
Strozzi 5 989 WS FE5H] & Ao Aol gk 571 AeEE Friste] HAAA}
A A9t £ E Dragoni 5o Wghg ket VIS Tl vzHOlHE o84 5l

150



2. 7|=0|&

21 Hertz EMMFZFO|ED HE3SH M8 &
EFMAIS Hybrid
Muskhelishvili ©] 3 &l“d (potential) ¢ 2}
BE WAE OE A el mdwnh
oy =Re[24'(2)-2¢"(2)- v (2)]
oy =Re[24/(2)+2¢"(2)+y(2)] (1)
Tyy = Im[z¢ Z) ( )]

T o9 Audd A5 A%, $EAR

° A9 2tk

oy = Re[3¢(z +¢(2)+24'(2)-7¢' (z)]
o, =Relp(z)-90)-202)+ 2(2)] | @
tyy = Im[-9(2)- 9(2) - 26(2)+ 24'(2))

o714
A2) =~/ 2)i + f)[z_\/iﬂ)]
A2 ={w/2k-i+ 1) 2=~ ©)

-pte 114

A5 QRN Af-EWY 270G o] 43
of T AT 4¢) St p(¢)l WA, HT
F o) % g2) = ANA FFolm Wgsw
EFAT 5 Aok agn A7end e 2B
o Afrmeel 7)aety Aol WE AMES 5
& olgsta Al 7 HAEe Yehd A
@3 2ol TAT F Yt}

(4a)
o, =Re[2¢'(z)+24"(z)+y (2)]

= YRe(C,[2F(1,£)+6(0.¢)]-C,F (n )

(4.b)

- ¥ 1mlc,6(n.¢)-C,F(n¢)} (4.0)

F(n,¢)et G(n¢)e AFE z=x+iy 7} 9 A
(Inverse Mapping)3+5= ¢ = *(z) & AH&3te] 2
A= AAFE Frolth 1BrE, A@)e a,
7} p, 7Ho] Fgrolth. o] gk Hybrid S O-Ring
I ALY HFe] Aol A&, Fig. 13 22
ogo_ﬂ| Roﬂ 01011\1 ‘:71— /\}/\Lal—/*‘— N (5)91r é—g}_

.1
a’(C):'T:Z ®)

n,z)=-2ni -2
Fnz)= 2l
G(n,z)=-4n(n- 1)(z+z)( )

+[4i(z+2)+2(i + z)]n% ©)

o (2)= n%lRe{Cn[2F(n,z)—G(n,z)]+CnF(n,z)}

(7.9)

o,(2)= ng_lee{Cn [2F(n,2)+G(n,z)]-C,F(n,2)}
N (7.b)
rxy(z):nz_jllm{CnG(n,z)—C_:nF(n,z)} 7.0

151



D(e){fc'ti}z—(ax—ay)z—(zmz

:( fo 'tN f Jz -{r%lan Re[2F(n,z)-2G(n,z)]

+ r%lbn Im[2F (n,z)+2G(n, z)]}2 -

{%an Im[2G(n, z) - 2F (n, z)]

n=1

2
+ 3b, Re[2F (n,2)+ ZG(n,z)]} (8)
n=1

A T A SRE BANE ol gat]
RESES ANT 5 s FULY shonsl
Wel 7)otk o] HEEAA vigte] %
g3td ool o] AfEUe] A9 glomz
F e SEEs wAAS olgd FedAd o
olmele] gkl A&k el S
FaSHA AHEE A

) A
z=X+iyplane - & =&+inplane
D Z:'U(C):W
_—T <
R - R
c X I 1 >
<— M B C'D'N'\\E'g
fmo()=itt /r‘ e

Fig.1 Conformal mapping for O-Ring under
Compressed

31 Epoxy 2 = 2z 25=&

el rE 23e Epoxy FHE AL
A2 Abgstal, $YEAHY FEA Ao
2 2% SYAHe wPgxHS AFeS 9
ZA] F2] Al AL glass Mol Ao A tFde 9
St MYy 88 TAAY ¢ YJernw T £
Aol w2 1T 2] wMygS AT F vt

Al A eEe] Aget sdUgh 38 oF
T3S AAEA L, olE o] &dte] oo Ay
THE ARG F, o] FHo| AFA FAE T
sto] Adadste] o FAR @ 2L¥HS FHEATH

T B oo ALgEE FEAAY AR, S
AlH} AHCIBA-GEIGY Co.)¢] Araldite ¢ 7 3}A¢l
HT-903 & Z&H| 10 : 3 o & Z3g3lo] A &3 o
Z A (Epoxy)F Aoty e e AAHLS
6.98+0.15 o]a1, WH7HS 121.5+0.94 o|t}. A|zE

Epoxy A2 st F=slo] Fig. 2 of 2
HE A Aol Fol oste] sAEY. &8 429
AN, & oHe 450 IS VFor T o
Imm F= =5 8 /19 AHS A3 o2
AR NS FHY Fud IS 2188
of SAM FHE B B Aol A
FAE AR s FHE AR AdEAA ot
140— Load
- T2
8120 i Glass
o 100 — Transition
2 Y. Zone
= 80 T
g
£ 60
(0]
K
40 Unload
20
0 T T T T T T T T 1
5 10

Time (hr)
Fig. 2  Stress Freezing Cycle

Fig. 3 Experimental loading device for stress freezing

Table 1 Mechanical Properties of Epoxy resin

Opimum

mm / k ?

a ( 9) E(kg/mm®) | v Temperature
40.5 1.56 0.5 120°C
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Fig. 6 Actual isochromatic fringe patterns and graphic
isochromatic fringe patterns from the

photoelastic experimental hybrid method at x-y

Fig. 7 Measuring point of O-Ring for determine of the
principal stresses
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Fig. 8 Stress distributions of the No.3 slice of O-ring
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