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CAPSTAR: A Program to Evaluate Safety Strength for

Outer/Inner Tubes of Capusules

Toshiki KOBAYASHI*, Taiji HOSHIYA, Motoji NIIMI
"Hiroyuki SOMEYA and Yasuo HARAYAMA

Department of JMTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
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The outer/inner tube of a capsule, which contains test specimens in
and is loaded in a reactor core for irradiation experiments, is a boundary
between its internal materials and the reactor core. Therefore, not to
be a injure to the reactor core, the tube is required to calculate
induced stresses and to evaluate the safety on its strength.

A computer program, named CAPSTAR, to calculate the strength of the
outer/inner tubes on safety evaluation was compiled, as a step of improving
the efficiency of capsule designs.

The present report describes the calculation method and input/output

guides of the CAPSTAR program.

Keywords: CAPSTAR, Capsule, Outer Tube, Inner Tube, JMTR, Safety
Evaluation, Stress Calculation, Allowable Stress,

End Plug, Internal/External Pressure
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Fig.! Schematic Diagram of Capsule used in Program
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ANEBESI00DE474+—LVFDIPRES=00DES, COAAEZESCLIEELEL

T35,
w1 70— F, PHOUT : F+ 7= V&FHAFE (kg /cm® abs)

w274~V F, PHE DAY w4 (He) A RICHBAFE (kg em? abs)
®374+—MF, PFP ESEER(FP) HRICE ZARE (kg onf abs)
FTB474—-0F, PV CERMEMEIC L AR (kg om’ abs)

« ZZTOBEMBERRIEROBHEBEMSGESLD, 2) - VEEAZEELIEEATT S,
(1) sus 304, sus 316 DES
fal 7§ —7h Ui (427 CEITF Y Dt =10
bl &) —Fhstk U SEEEHFE (427~ 704C) @ t=10%, 10%, 10° (D55, EREOREEE & Hix
L, BreYicis 5iE 5 & 5
(20 sus 304, sus 316 LIADES
() #0—7HEUAHWEERGEE: =0 &L, 70 -7E2FE LSV E ANES 551, 651,
51 TANT 5,
(b} 2V —7sAULEERH: t=0 #70L, 70 -5 EEBLAHTFEECHE 2AFES 551, 651,
51 TAHT B,
ATEER, A (AE), #ET, BRosvTHETH s, FEDADEAATLABSETS - L3
Ho (Table 3L — Ay~ J—BEBHDI E,)
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WE5 74 —wrF, TIME 70— 7&F42EE0L-BHER (h), 0, 10*, 104,
10 DnFhhoEx ANT 2,

AN1HES 500 —FEWEFEOF » 72 AB (AR ) OTEL X URARE -

B1 74— F, MATOPS = 0, 2 (AR MEHEsus 304 Th 3,
=1, AB(HE) HEIEsus 316 TH 5,
=1, AR (AR HHE EEUATH S,

F274+—2wF, RADINSG AR (AH)ANE (cm)

37— F, RAOUTS A8 (HNE) AR (ecm)

#8470 —wF, OVALS AH(AE)ARKELAE (cm)

W57 .—nF, TEPINS ! 4E (KNE) NEEE (C)

#$674—nF, TEPOTS (A (HE)AMEEE (C)

ABNEZEE 550 —-SAFEIAE>MEAsus 304, 316 A (MATOPS=—-10DES
DEE, MATNMS [EFAMEBEOEZH (20XFIAN) 2ANT H.—

ABDES 551 —HE (ANE) ME A sus 304, 316 A (MATOP S =—1D8H4)
OEBE, FRHHO -5 A2 AT B, —

w1 7.—F, POISNGS A (NE) HEE7 Y v

F274—0F, YOUNGS A& (AR ) #E+ » 7% (kg /mm?)

F37—nF, THEXS HAR(HNE)MHOBEEBIRER (1.7T)

Fa47—nF, ASIGS [ FELSD (kg/mm?)

w574 —AF, YSING BRIEH (kg/mm?)

ANES 600 —REHEOTHE, BITERE -
Bl174-0F, MATOPG (= 0, REFEOMHEIIsus 304 TH 3,
= 1, FEEOHM¥dsus3l6 TH 5,
=—1, HEEZEOMEITsus304, 316 LUATH 3,
B274—F, RADING | #EEWNE (cm)
$374—24F, RADOTS @ R#EHEAR (cm)
Ba474—F, OVALG6 [ HFEIARKENE (cm)
F574—F, TMPING @ REEAmEE (T)
FTE674—-F, TMPOTSH6 | REEAHEEE (C)

ANEFS 650 —REEMEZ (MATOPE=-101L )
FB1 70— F, MATNMG6 | RESHMEL (20XFLIN)
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ANES 651 - FHEGOYHE (MATOPG6=—10Ea) Tk, HitEE-
BHEME A sus 304, 316 A (MATOP 6= -1 DEE)DESE, FHEVMHOF— ¥
AT 5,
B174—F, POISNG | REEMHERT v L
Ho274—VF, YOUNG 6 : EHSHE ¥ >~ 7% (kg /mm)
FT374—F, THEXG6  HFEEMPROEREERGH (17C)
47— wF, ASIGE | REEFEFILS (kg /mm?)
WE70—LF, YSIG6 | HEEBKIGH (kg /mmb)

ABFEES 700 —-mRAOTEL LUERITERE -
F174—0F, MATOP7 := 0, REEOMEIEsus304Th 5.
=1, IO sus 316 TH B
=1, WEREoHEEsus 304, 316 LA TH B,
w274 —F, DIA CAE CARE D) AT (em)
37— F, THCKPFP . #wE#HRE (cm)
T4 74—nF, TMPINY7  mEEWNEDEE (C)
HLE 74— F, TMPOT 7 @ #mk&EAEERE (T)

ANBEES 750 —-BREMHEEZ(MATOPT=-1084)-
H1 74— F, MATNMT7 :8SRBREHEE (20FELA)

ANBES 151 —HRBOMHMET -5 (MATOP7=—10804)-
T|1 74— F, POISNT WwesiE7 ik

27+ —-F, YOUNGT7 ¥ 7E (kg/mm’)
H$374—wF, THEX 7 #EBEERK(1/C)

a7 4-0F, ASIGT EBBRMFEIESH (kg mm?)

W5 74— F, YSIGT EBRHERESH (kg /mm?)

3.4 HALKDNWT

D707 OB NEL T —TEOKRT - T 5, HAHD—~Fl% Fig. 7 ~11iT/R75
Bl 7 v—7, FigTieRd@bh T, HADOKE
—INPUT DATA CARD IMAGE LIST-
LERRENE, COWMNIE, ANF—9 o h—F oA x—C%20EE AL T 5B, EL,
BITOSEREADCARD - NO. BANBE THL, HADKLHOBEESTH 5,
F2snv—-71, Fig8iadd@0 T, BHOERHIC
—INPUT PARAMETER IN THIS ANALYSIS-
EEREND, COWMANE, ANF—srBHEAEMNLTHALTY 5,
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W3 V-7, Fig 9 R"ndTED T, HADKEHIK
—~ANALYSIS INFORMATION -
LETFENS, COMTE, HFRICERLAZAZEHEAEALTV S, TTT, AASHATL
WOBER, 7o 75 cNTHETELARETH S,
B4 — 7R, Fig kR d@mo T, HAOEHEIK
~CAPSULE STRESS ESTIMATION-—
ERTNEND, TOHAR, GHFEER*HENFOBERBIIHDL T E, LT, &
# (LOCATION) ic2o0 T, /D5 % (STRESS TYPE), # % o % (LOADING
TYPE), E# R0/ (STRESS) B4 UH A/ (ALLOWABLE STRESS)®IEicH!
HERL TV,
BEZN— T, FigNicRT@8HT, HADRIEIK
~SAFETY EVALUATION RESULTS -
LERIND, TOHAE, IWHFEHERDIE /%A ASME Section I ##/ L T, |+ E
Kz DREUFEEREFERT %,
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.Tablle 1 Subroutines contained in CAPSTAR and their functions

Name Function

MAIN main reoutine, froutineddi,

BLDATA |7o-7 577, SAAF—FDIGE,
AFyLAR, sus304, 316kt EEIEET S,

SLITE ANF=FOH—K - A A=)k,

TUBEOT | Zoul—Fi3. HHOEHECEL 7SS RETLHFY v
TRASHEEBI W TG E TR S,

TUBEGD | Ioi—+i1. o7t REEHC WG R EFNT
5.

ENDPLG |Zoi—Frii. BESCET AGHAEEHET S,

INPUTL | ANF—70isAAET3. F—2idh—FRsTA LN . AJ15
oA A Efree formal FETTHS, 2oL 1 =DANT—F
-A—Fit, ANhBESTETRE, 2 ARTF—DFz T
*4L173.

ERROR SO—FAT. AT FRIS—AHAEE. TI—EREL.
IS3—AEETIV TS,

YCQUNG sus304, sus3l6HEonWTES LSz ShiREOTY
BEPLYTIRERETS.

THEREX |sus304. sus 3168 onWTHEstEE L SNREDTH
P SRR R ET D,

YSIG sus304, su s3] 6HToVWTEE S L SIVCERENTS
B SRR ERET 5.

ASIG Ch—F ik, sus304, sus31eHiEOWTHRIEESL
ANy RER SRS ARHRET S, 5L, BES
427 (T) 2MIEEEE., 7 U—T2EELEXRETE,

AXIS (1) | Zon—F L, Fr7RANEEH (SHE, RFE. BE) KRE
TREATHEST AL, MR SosHoEERE, 313 (11) itk 3,
M=l 547, [[=2: Ri¥FE, =3 & LT3,

INPRNT |Zoul—Frii, ADTF—# %8 ANESMICHEL e L7
YT E, ANEECIE. BB, ATIBORUFEHLTSS,

SUMARY | AHF—P &L EICHECRWARE. T, tirESnHHatt
N5,

TABLE1l |A—+rAXISTHELATHIEERRFERLTHENTAS.

SAFETY |HELAGHRFQLAATI)—HIIERIL., etk FORE

FliEIT. EOBREEHNTS.
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Table 2 Fitting parameters for allowable stresses
. Irradi_ation Temperature
Materials Periods A B C
(h) ()
20 ~ 150 0 G 1.4110 E+1
0 1530 ~ 300 0 —1.6200E-2| 1.6630E+1
SUS 304 300 ~ 704 0 —T7.7800 E—3| 1.4000E+1
103 500 ~ 704 1.6780E—4 | —2.6560E—1| LOB00E+2Z
10* 570 ~ T04 2.2010E—4 |—3.3590E—1| 1L.2800E+2
10° 500 ~ 704 7.3640E-5 |~ 1.2840E—1| 5.6000E+1
20 ~ 166.7 | 0 0 1L4110E+1
0 166.7 ~ 300 0 —1.5830E—2| 1.6750E+1
300 ~ 422.2 | 0 —7.2800E-3] 1.4i80E+1
SUS 316 422.2 ~ 704 ¢ —3.5486 E—3| 1.2610E+1
10° 612 ~ 704 0 —6.3120E—2] 4.9070E+1
10t 600 ~ 704 0 —6.5240E-2| 4.9333E+1
10° 560 ~ 704 1.6400E—4 | —2.6560E—1| 1.0800E+2
Table 3 List of error messages
Error No Level Contents Subroutines
100 ERROR ANFEZ 10005 — Fitiw, INPUTI
110 ERROR FFEMEOHEICRDNS S, INPUT!I
120 ERROR | EANHFAEA7 Y2 v OBERED I D 5, INPUT!
130 ERROR NEBOLUTTH 5, INPUT!
140 ERROR WEZAZEALEOLUTTSH %, INPUT1
150 ERROR | MEZBRA 7o s vOBTEICROPH 5, INPUT1
170 ERROR ]5\?3Lf:&%ﬁ?ﬁi,&ﬁﬂa‘ﬂ?ﬁfﬁfdﬁ‘t’dﬁﬁé“ ASIC
180 ERROR HEHR OB ECE IS B, ASIG
1999 ERROR ANEFZFIIOD A~ FHL L, INPUT1
2000 ERROR FA b B — FAIL N, INPUTI
2001 ERROR STOP DA — Fasisy, MAIN
o o - ; THEREX
800 WARNING | A/ZLICEEMB20CEKBTTDH %, YOUNG, YS1G
810 | WARNING | AJI UMM 704 C 44 72, voune yele

gt o e s = 1e



JAERI-M 88-121

SLITE Read of all the (
input data

INPUT1

§j

Edit of the input data
and error check

Print of the
card image

END

Calculations of both stress in
TUBEOT cuter tube and allowable
stress
=48,
Calculations of both stress in
TUBEGD guide tube and allowable stress
=8
IDA3
=1
Calculations of both stress in
ENDPLG end plug and allowable stress
Qutput of the
SUMARY

SAFETY

Fig.3 OQutline flow of the CAPSTAR program

calculation condition|

Calculations for the safety evaluation
on sirength and outputs

|




kg /mm?

gy’

Yield Stress
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{From ASME Code Case 1331-5)

20 |-
APPLICABLE TO GRADE 316
HIGE ALLOY STEEL
SA 182 SA 376
SA 213 SA 430
SA 240  SA 452
s SA 249 SA 479
SA 312
APPLICABLE TO GRADE 304
HIGH ALLOY STEEL
SA 240 SA 452
SA 213 SA 249
10 = SA 312 SA 182
SA 376  SA 47§
SA 430
1 [ i ! I !
0 100 200 300 400 500 600 700

Temperature / °C

Fig.4 Yield strength of type 304 and type 316 stainless steel
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STOP

599

CASE 2 (DATA GROUP)

TITLE CARD (1 SHEET) 72 COLUMNS
999

7

CASE 1 (DATA GROUP)

TITLE CARD (1 SHEET) 72 COLUMNS

Fig.6 Construction of overall input cards
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Fig. B1 Calculation model for a cylindrical pressure vessel with a flat end
closure



JAERI-M 88-121

f182C JMTRF+ 72l Skat 34 (IR

TR F+7LLrOLEEHFiCOo0T, AR T 2HE, BEToBRATTHL, BEOG
ARUCBBIEACHL, THUEEEFLTORTRENE S,
2 HEEHHE, FONGELEETACLE, RKBFLIEEEHETAIEE L I,
(1) BHHNIEHRFFECALUTTHES T &,
(2) BIEHEBEKIETOBHIE, FRBTOIEE2CANLNT &,
(3) BELBIEHORY, EHEE, <173 Fzy PELELCLTOI L,
) 27V —-7BHRicky, BELLY, BASTWICRELENAZELLTOT &,
3 HAMBOFBLNARCBILE2E50RG/NESVEL L, FEMHOFEILTEENICE
H LB = AT IVDEDEETAITLE B,
1) FIELMIDRNEEMR (HEE) DI TD 1 DM
2) EREETOIERLBIDIFD 1 OE
8 BREORNIEMBD3HD2DE
4) FRHEETOBRKADINAD IDHE, #7770, BRAORNMEBOIHD 20H%EC
ATEE SN,



