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Structural Integrity Evaluation of MCP Flange of SMART
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Abstract

Thermal stress and mechanical stress analyses are performed to evaluate the structural integrity
of the MCP flange of SMART. The structural integrity of the MCP flange which is the pressure
barrier of primary coolant has to be evaluated according to the KEPIC MNB design criteria. An
axisymmetric finite element model is used to perform the thermal stress and mechanical stress
analyses of the MCP flange. Proper DOF and thermal convection conditions are applied for the
boundary condition of the axisymmetric model. The design pressure at design temperature and the
hydraulic test pressure at room temperature are applied for mechanical load conditions. I-DEAS
and ANSYS are used to perform the stress analysis of the flange. The results of the structural

integrity evaluation of MCP flange are presented in this paper.
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SMART Wzt A +3d Z(MCP : Main Coolant Pump)+ 9AE L7 Ado] 2oz HAF
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MCP 3 oA 2 aske] dAYAAE fAste 489345 olFe s FFone =
WA 7E QAek. o e} ol fAAE Fofel] AHEHE FF T 12 nge] 4HABAE st B
& ANSI/ANS-51.1¢] b3 &5 7=l Mk 1ed o2 2730l ASME NB %+ A97]E7]%
(KEPIC) MNBE #&-3te] HAlE Fastefor gk
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el A8 et FHAE FHel A8 W FR2AAAE Frbete e tEY & 339 Aok



(6] =
A B metbA, 12-e8 e FrkeE 71719 F2F AR Hotd 2442 ¥t 1A48H -2
B ¥ g3l (distribute live load) 2. & ¢l Y53 = 73

[<) H —9— o
head) T¢Hol FAs= wIdSH oz TG datg oz WA= 4582 12882

ox. e
s
=
=

= AAE AF | AW AF | wAF | AASEEE(S,)
T J/M/K/S mm/mm//K Pa MPa
21 14.019 1.6020E-05 195.12E9 -
33 14.538 1.6254E-05 - 137.88
66 14.834 1.6434E-5 - -
93 15.230 1.6614E-5 190.30E9 137.88
121 15.750 1.6794E-5 - -
149 16.269 1.6938E-5 186.16E9 137.88
177 16.615 1.7082E-5 - -
204 17.134 1.7226E-5 182.71E9 128.23
232 17.430 1.7352E-5 - -
260 18.000 1.7496E-5 177.88E9 118.58
288 18.346 1.7604E-5 - -
316 18.865 1.7730E-5 174.44E9 113.06
343 19.211 1.7856E-5 - 110.99
371 19.730 1.7964E-5 170.99E9 109.61
399 20.077 1.8072E-5 - 108.23
427 20.596 1.8180E-5 166.16E9 106.86
% 2 294 A5 FT SA564-T630 &4 A
2= dAE A% | 99 AR | SdAF MASEBE(S,,)
T J/M/K/S mm/mm//K Pa MPa
21 17.134 1.0602E-5 195.12E9 310.24
38 17.480 1.0602E-5 310.24
66 18.000 1.0602E-5 310.24
93 18.346 1.0620E-5 190.30E9 310.24
121 18.865 1.0620E-5 - 310.24
149 19.348 1.0620E-5 186.16E9 310.24
177 19.730 1.0638E-5 - -
204 20.250 1.0638E-5 182.71E9 301.96
232 20.769 1.0638E-5 - -
260 21.115 1.0638E-5 177.88E9 295.07
288 21.634 1.0674E-5 - -
316 21.980 1.0728E-5 174.44E9 290.24
343 22.500 1.0782E-5 - 288.86
371 22.846 1.084E-5 170.99E9 -
399 23.192 1.0944E-5 - -
427 23.365 1.1052E-5 166.16E9 -
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Py, <Su 0.9S,
12 84 0.65S,<P,c1% | @0.65S,{P,,<0.9S %

pP,+P,| <1.5S,

<1.35S, <1.255,—1.2P,,
13229 288(@F) | < 3.0S,, -

ZAA Y LHHA S FHE7] T fFesh BAe GajAoA ALEE 2 H 2dy Hdsit).
E A1k (17MPa) 3 =t A & 93 (21.5MPa)
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P,,=206.00MPa < S,,=288.86MPa
P,+P,=227.10MPa < 1.5S,,=433.29MPa

a# 3 FAAEeEe] A8 W S8 A AR e 2
P, =258.80MPa < (0.9S,=651.5MPa
P,,=258.80MPa < 0.67S,=485MPa ©|2 =%
P, +P,=284.50MPa < 1.35S,
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£ =#d e SMART MCP Z#lAd diat 488 2 AAGHs} 50 283 o dAse &9&
At 73 ol KEPIC MNBO| AA7Eol wsto] daued, wid&d, oxed o3 22 &
guFR Este] Faponh o] T wet 7 g Qs $HAEIAY Bl ot B
Fo71EA olsto]7] W] TAAE FRAMEE AT & dvky dddEh w3 FAAFEH el
g W pRAdge Brte AAgYsFel A8 o H&ae SHARIA e 9y g
SHEA gE Hedn ol e Wow FAFEYgH] 48T v FAAE FRAPES f
A Btk
3E 4 A 9 dstE 284 & A =(MPa)
SHZ=EA
a2 v P P, + P
e m m T E S, 1.5S,,
1 97.16 120.00 P, <110.00 P, + P,<165.00
STS321 2 4792 72.07 P,,<110.00 P, + P,<165.00
3 93.79 103.40 P, <110.00 P, + P,<165.00
4 53.75 104.60 P,,<110.00 P, + P,<165.00
1 206 227.10 P, <283386 P, + P,<43329
2 113.60 138.40 P, <288.86 P, + P,<433.29
SA564-T630
3 100.40 116.80 P,,<110.00 P, + P,<165.00
4 102.70 118.20 P,,<110.00 P, + P,<165.00




F 5 FENEEE FEA SHAE(MPa)

$E3

R Py Bt P e T 0.6, 1.355,
1 99.18 151.2 P, <1813 | P,<1385 | P, + P,<206381
STS321 2 60.50 90.30 P, <1813 | P,<1385 | P, + P,<206381
3 | 11750 | 12960 | P,<18.13 | P,<1385 | P, + P,<206.81
4 67.35 13110 | P,<18613 | P,<13856 | P,,+ P,<206.81
1 | 25880 | 28450 | P,,<65150 | P, <48500 | P, + P,<723.88
2 | 14270 | 17340 | P,<65150 | P,<48.00 | P, + P,<723.83
SAYGIO0 3 | 12590 | 14630 | P,<18.13 | P,<1385 | P, + P,<206381
4 | 12870 | 14810 | P,<186.13 | P,<1385 | P, + P,<20681
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