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A Study on the Shape Optimization of Metal Ring Obturator
under the High Pressure

Young Shin Lee, Je Wook Chae and Tae Kyu Park
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Abstract

The optimal design for the shape of metal ring obturator under the high pressure using parameter
study on the stress analysis considering effects of design variable is presented, and is compared to
experimental results. The design variables are such as thickness, taper, radius of shape of the obturation
ring. For optimization of the obturation ring, the weight is maximized subject to maximum stress of
the obturator within allowable stress. The design constraints are geometric clements of design variables.
The trends of parametric study are in good agreement with the experimental results.
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Fig. 2 Design valjables of two dimensional
FEM model of the obturation ring
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Table 1 Maximum stress and maximum
contact pressure with various thickness for
two dimensional model of obturation ring

Thickness(t (césw/e;.ss.) r?rzrs):auite
1.900mm 1180/678 MPa | 627 MPa
2.375mm 1080/863 MPa 625 MPa
2.850mm 1130/737 MPa 625 MPa
3.325mm 1180/762 MPa | 629 MPa
3.800mm 1310/564 MPa 631 MPa
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Table 2 Maximum stress - and maximum
coritact pressure  with various taper for two
dimensional model of obturation ring

Taper(a$ Stress Contact

(CS/FS) pressure
0.0mm 1110/695 MPa 449 MPa
0.1mm 873/511 MPa 738 MPa
0.2mm 1180/678 MPa 626 MPa
0.3mm 1450/1130 MPa | 668 MPa
0.4mm 1530/1530 MPa | €68 MPa
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Table 3 Maximum stress and maximum
contact pressure with various radius for two
dimensional model of obturation ring

Radius(R) (CSStr/e;SS) iﬁ?iﬁi
1.0mm 11107715 MPa | 622 MPa
2 Omm 1180/678 MPa | 626 hiPa
30mm 1140/818 MPa | 629 MPa
4.0mm 1220/873 MPa | 648 MPa
5.0mm 1180/1020 MPa | 667 MPa
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Table 48} o] A|H2, 4, 5

fir

A s

il

e

Bgstgm, A8, 2 32 HolHEg 28 2§
Atk AMAsE MIL-S-461198 &3 Ad

Table 4 Design value of each specimens

unit : mm
specimen No. t a R
No. 1 95 0.0 2.0
No. 2 95 0.5 2.0
No. 3 9.5 1.0 2.0
No. 4 15.0 0.5 2.0
No. 5 19.0 0.5 2.0
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Fig. 4 Strain gages positions and directions of
each specimens

AN H4e] B S-ols R guie] Aol FY
3 wga FAF AR AR E FAFAH
I3 Fig. 33 2& Ay 2dyde F39
Aol wBHe A wusdd. 2¥EFA 9
2dyLe ABAQUSS HHERFES 249 CPE3
CPE4E °] &3ttt

+ Strain(us) -«

° © o » 5 o . ® 12 1w

Test load(kN) Test load(kN)
Fig. 5 Strain curve on front & rear side of
Specimen No. 4

-317 -



AFRAAZA Fig. 59 2ol 54 WAgd] o
g AFEol A HHAAN Fdstd AHF AT
7 @i Fe] Hu, dPrde] fdaLHAY
e B985 A

=3, Fig. 65 ol 9451 $Ho] AA &
A 9T F ANY. GFHA SHLAL=R
A YF M FE&FFE AIT F AN
o

Stress(MPa)

AN
t L]

RRRN

Specimen No.

Fig. 6 Circumferential and forward surface
stress on the each specimens

283 Fig. 7~83% o] AAFAZ F794

FE 9FHdAE S8 IA LAHY, Y
SA NBAE N1ESR FoHAAY FANTS
2 AL 20 4 B4EE ¢+ U
o E@ Helss AYFE 97W 2 AWAA
8ol A 24EE ¢ 7 AU
s Crmes
e —
'% o R —v—FEMF.S.
N
T |
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stress on taper of specimen No. 1, 2, 3
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Fig. 9 Mises stress contour of two
dimensional model(t=1.900, a=0.2, R=2.0)
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Fig. 10 Ccontact pressure of two dimensional
model(t=1.900, a=0.2, R=2.0)
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Fig. 12 Maximum ‘stress and maximum
contact pressure with various taper for two

dimensional model of obturation ring
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Fig. 13 Maximum stress and maximum
contact pressure with various radius for two

dimensional model of obturation ring

Table 5 Comparison of initial value and
optimized value

. Initial value Optimized
Properties oy #2 value
t{rmm) 2.00 2.80 3.29
a(mm) 0.15 0.17 0.11
R(mm) 2.00 3.00 3.99
0 max(MPa) | 1035.00 | 1158.00 833.00
AREA(mm®) 60.61 63.03 74.23
Contact
pressure(MPa) 625.00 634.00 648.00
E =1 —e— Thickness
g »® @~ Taper
;u 154 & Radius
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Fig. 14 Convergence of each design variable
for initial value #1
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Fig. 15 Mises stress contour of optimized
model
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