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" Strength Tests of Type 304 Stainless Steels and

Inconel 718 at Elevated Temperature ¥

Tsuneo Nakanishi #%®
Mitsuco Yamashita **

Akira Kitami®*

Abstract

The purpose of this work is to obtain long-term stress relaxation data
widely and to clear the effect of controlled strain wave Fform on the low-cycle
fatigue stréngth at elevatéd temperature of Type 304 stainless steels which is
expected to use widely as structural material for the prototype LMFBR ™ Monju *,
and to evaluate the low cycie fatigue strengtg at elevated temperature of
Inconel 718. | |

fested Typé 304 stainless steels are hot rolled platg of 40mm thickness,
and igsted Inconel 718 is hot rolled plate of 40mm thickness.

The. residual stress of Type 364 plate in the relaxation test at 600°C was
continuously decreased with test duration. And the relaxationrbehaviore in long
time was nearly equal to the curve calculated from creep—strain formula (@g=1),

The low cycle fatigue lives under s£rain wave form of slow (stfain rate
0.005%/s) —fast (strain rate 1%/s) at 550°C of Type 304 piate reduced by 30%
asAcompared with those under symmetric triangular wave form (gtraiﬁ rate 0.01%/s),

The low cycle fatigue limits at 500°C and 550°C of Inconel 718 was about

total strain range 0.9% and 0.8% respectively.

* Work performed by Fuji Electric Co., Ltd., under contract with Power Reactor

and Nuclear Fuel Dévelopment Corporation.

*% Fuji Electric Corporate Research and Development, Ltd.

Material Research Laboratory.
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I= 3.1
Table 3.1

BRI = 7 v X O A R

Summary of Manufacturing Specifications
of SUS 304 Plate

H H

2 =

# O BB

< JIS G4304— 1972 [ BAIE I = 7 >~ v X iR
- BEHAE RESIES —BM4ISESR

| REREFNIRBICET LI2BESOHMER

HWEFHFX @ BIFAERME OB TE
By gL B JIS G4304 [T X A EE LN E
1010°C~1150°C K& &

b

LFEE D (&) NG HEWS)

C Si Mn P S Ni Cr Co

8.0d18.,00
<0.08<1.00%2.00 |<0.040.03| ~ ~ £0.25
10.50/20.00

0.2% 1 1 gl Wk B OX| @ 7 & o
(kg mm?) (kg mm®) (%) fi# X (HB)

= 21 = 53 = 40 < 187

w ' F &

L & R

- fE X BB . JIS Z2243

&b AN kL
O 8T : JIS 31211~ G1218
7198 3= kg : JIS Z2241. G0567

HEWEE RS OB PEEE RES01E
1£ EEEICL S
1004 # #&




& L
v o— N o BT

1& W

oW OE &

7548 —FA

B R K i

&, e B 1100°C X 484 K &

(A4 H~ A7 #)

WAL - B

4 3.1 @ BHMEIEXT L A#MHEORE LR
Fig. 3.1 : Manufacturing Process of SUS 304 Plate



* 3.2 SUS 304 i M O MR B E
Table 3.2 Certified Test Results of SUS 304 Piate
a) WRHSTABEHEE (VL %) D 4656. A 4 #f
EFH D ¢ Si | Mn P S Ni | ¢r | Co
# K {f<0.08]<1.00 |< 2.00|<0.04|<0.03 8.00118.001 4 o5
10.50| 20.00
7> # 8 o0.os5| o0.s8| 1.00l0.028|0.003]| 9.10/18.45| o0.07
b) Eh KL IR B
1100°C X 48 4+ K
c) MK A ERAE S
1 g 0.2% it 7 7l o X B X 7 %o
(kg,” mm?) (kg mm?) %) fif X (HB)
=k E > 21 > 53 > 40 < 187
s | R B 23,0 62.0 61.0 139
500°C & B& 13.8 39.0 40.0 -
d) FOofMORAEER
oA N E MEEETEE i NE - ~THERE
5.0 Good Good Good




7= 3.3 SUS 304 gt M & O et 3 B R
Table 8.3 : Certified Teét Resuits of SUS 304 Plate
a) WHEAIMEABER (Wt %) N 9482 A T M
L% 3 ¢ Si Mn P S Ni Cr Co
8.00 | 18.00
B sk {E|l<o0.08|<1.00{< 2.00,<0.04|<0.03 | ~ ~ |=0.25
10.50 | 20.00
S # 18| o.os| 0.60| 0.87 0.026{0.002| 8,94 | 18.59] 0.12
b) B L E R
1100°C X 48 4+ & &
c) HmARER
1 q 0.2% it 1) 514K 58 X N 7Y Ao
: (kg,/ mm®) (kg mm?) (%) X (HB)
g7 ok (& = 21 = 53 = 40 < 187
% | ® Bk 23.0 64.0 63.0 135
550°C = Bi 12.0 39.0 40.0 -
A F OO R B kS R
s & N E Mt EHEEE BEEEE M- THERE
A.G.S.
4,5 Acceptable Good Good

—10-—




7= 3.4 4 razxr 718 WHOHUEHBITE
Table 3. 4 Summary of Manufacturing Specifications
of INCONEL 718 Plate
Bz | B " =
& B OR 1. AMS (Aerospace Material Specification)
(&E)
5596Cy 5597
5 w |1 BEH K RET— 78>y P OBHEEE
' Ble. & o= AMS IC X 5 &5 v & OF W % # 4 B2
L. fbXEa (&b~ E %)
C <0.08 Cu (< 0.30
Si |<0.35 Co |<1.00
Mn |<0,35 Ti 0,65~1.15
P |<0,015 Nb+Ta| 4.75~5.50
§ I<0.015 B < 0.006
Ni 50.00 ~55,00| Al 0.20 ~0.80
BOEom m Cr 17.00 ~21.00| Fe bal
Mo 2,80 ~ 3.30
2. MMyt E
B 0.2% (it )3 |59k o X O I =
mo > (kg mm®) [(kg mm® (%) (HRe)
R.T >100.0 > 126.0 |=10.0 | = 36
650°C | = 83.6 | = 98.0 =>10.0 | = 36
1. & ) ~ 487 JIS G1253
" " 2. R 5 JIS G1211~ 31218
E
3. BlEHE JIS Z2241. G4304
Ko U 4. F X H B JIS 72243
WO 5 |5 HEEBEHEBREAR HEEERES15 7T £

—11—




& 3.5 : 4 rraixa 718 i O HEHEARER

Table 3.5 . Certified Test Results of
INCONEL 718 Plate
a) T ABER (Wt %) N 1933 E1 #
> A7 I8 B C Si Mn P S Ni Cr Mo

Ladle [0.048] 0.15| 0.06|0.006|0.007}53.70|18.60|2.92

Check [|0.050| 0.20| 0.06;0.006|0.008|54.00} 18.20( 2.93

T IE B | Cu Co Ti |Nb+Ta B Al Fe —‘

Ladle [0.037| 0.13| 1.02| 5.16|0.003|0.48 bal —

Check [0.022| O0.11} 1.05| 5.28|0.003(0.49 bal -—

b) B LR

980°C X 1h K& ¥ —718°C X 8h 4 5 —
621°C X 8h = &

c) B BR g B

; 0.2% i1} 5ok X @ K T Y
w® B (kg /mm?Y | (ke mm®) | (%) (HRc)
- 112.9 135.9 22.4 42.0
109.3 131.3 20.0
97.0 109.3 22,2
650°C 41.3
98.3 111.7 26,7 £ HE

d) & O O BBk E R

BERESE | ABRE VR
=] =] B




4. A B FH &
4.1 RBREBRERAE 20 REBE

SUS 304 SBAH DY 57—y = REBKORBMLE L RBE K
Re (B4 1) KrRT. RBRNEFHARFESFME—KT 2L 9
CHERB L, #BAE FAEERE 10m® | EAME% 100m o
ZREMPELBRBRE T 5,

SUS 304 MHMM OBV 4 7 v EHRBAORRLE L RBE R
*[Ma.2 | KR+, RRNEFHFHALEEF R E —KT 5L 5
BBL. ZORRE FABPERE 10’ FHHEL 40m o &5
RERBE TS5,

a2 i 718 WHOBRARE X0 B4 2 v E3HREEK
OEBABERBRE R E2ZThEN [H4.3, 4.4 | KF:+,
WTFNLHEBE EFHTRAGEE S B E —HT 2L 5 CER LA, B
BHBN G PABES Smw® EAMEE 50 T 5, % kg
ABRKE PAHERE 6 FHBES 32m OHEAERKBRE ©
B 5,

4.2 A BRBLK

THLAN V77 —v a2 v REBEE EYRBE X0 38R
BRBOMkE [£4.12) ~d) | w3,
Vo27%—vayHABBE TaHERTH . KB ESMME
Gt Ly EERBBLL>THF*—SREBL T2, BHEE
Bl 3Ton X0 56 Ton Tds, RBEOMBU XEORTE
(MEZEE) & ERMACE S THE>Y RFEGTs EBEMAEK
PWTHEITAKXERE CTHLELAE. BEZRBRPEBAEL TV D
T ABRBELS OFI2BEDHPCRTFTZLBETE 220
B 20 BBEBELCEZ > TWa, | |
BEHABRBE WELSE 10 Ton OBLABEYy — X4 BRBC
25, ABRFOBELELEN LT 240 PR IVBRHEELE % > T
VB,

— 13—



HERBEIEI 72~y PALEBBHOWEZRERE 10 Ton ©
A v2rbe yABREBTDH S,

1.3 A B FH &

4.3.1 V)57 w—v s v REFE

)5 7 w—v g »REIE JIS 22276 [£EMBOBIEY 5 2
t—v s YRBFE] F LU FBR EEMPEABRERBHEEY K8
L THToRk,. BERTEUVTLALET L2 TCOVNHMATRERI
1.5~2:7 T 5, BEREOCTHACETH ELERICY 7 2 &—
Vs YRBREBBL L. |

4.3.2 Ky A4 27 rEHFRRTE
ﬁ%4?Wﬁ%ﬁ&H~WR@EMﬂﬁ&%%%%%”KEM
LTfT» ko : _
SUS 304 M4~ 4 > 2 i 718 MM OWI h &~ £ & 0B
25mn O HF MO FTAFETIT o TN b, )
ABRFOBEDI ABFOPRH LT OLET 12.5mm -
34 FIC 0.3m® © PR BMEWLEH IRV —1 OO0 THEHEL
BlE Lk T LCHABABERBBE L 22 0CHBLA,
CREBRFOBBESELE N B B|BAZGATERL 32 TETL
"REEOHBELE Ny, Lk, UEBEOADERWMECEHZEL £ &
EOBRELE Ny LEEN % BT LALZOBRELE N, 2 &
DEFHGIES R 72, ,
TN BOTAHER Aey POBUPTAEHE Asp dre X7
VAH—T L hkdEk,

1.3.3 BIERBHE

BEFIERABRIE JIS G0567 » LU FBR &« EHHEAREKEHR
FO R LT ok, (E L R RIS BE A M IE 8 2t
6.25D LhoTwnd) ME—(MUBNE XEBRAEDO YT 2
BRHCLRBINLH BAMBECOL VHEFBLABIC 3 5
CBHOFHRAERS A LA. VPO T EED 0.3% nin, T



Ty £20F 50 1.2~1.5% OBAT 7o~y VEE® YRS
FTO®BIEN VIS EEE 10% /nin. & L &,

4.3.4 £EH®G IV HEE
SUS 304 #R M~ A>T 20 718 WHBEOEY 4 4 1 FH

ARRBROBEF EAECEOME I 2 n HR0OBE + U0 EYHED
EEANETHRELCIZ2EE YT o4k, FHLAEERNE FHEH
EZHs BEEFHE ISM—U3 T 5,



AEBEwark (V227 t—va BB BEHABRE

= 4.1
51 0E & BR )
Table 4.1 Specifications of Relaxation,Fatigue and
Tengile Test Machines
ay V5 27 vt—3 a3 R
BN GF OO GFO0O02
- g BBeELsS (sl ABRE BREEsE (EMABR®
1. 3 Br B A R .
1) # A “E7FaREER B _TET 2 WER
' By B A
2) ERAMSE=l 3 Ton (v x—H1:100 5 Ton (v S— 1 50
(3 #1 W & |0 kg 0 kg '
2.0 B & E ,
1k K ERBERERBKX ERERHERAKX
(2) £ B B E | max. 900°C max. 900°C
3) ¥ # Hor e 3 EKE h o r A 3 EE
4} & =% 7 KW 4.5 KW

(1) & SCR PID #lfg5 5 = SCR PID 4% %

(2) =% & F 100 ~ 900°C 100 ~ 900°C

3) EEMEFHFE] T 2°C LA 1 2°C M

4) BEHH&H C A BEX Pt #

4. BEEHE ~ Ao T A ~N N T K
mEERE B B AT % Bt W & At

5. fif E #Hl =
EmEEE

:-[:t

{8 O &

{8 TF
iC & B

far &

D T O OFET R T R
(F v 2R

=8 PR

X — T 2 3 ~ %

FLAEAENY =T —
P AELABEAEFX

AN =T =

(@
7
X — Tk 3 <X

— 16—




o) EHHEBE

=t B 5 N HF O0O1
IH B B OB 5 % B
L3 BR M A |
(1) 7 - (1) & S W JE 9 — oK B | B &l 8 05 X
(2) o — N +& 2) & #% 20 Ton
(3) M = M4k 2 (3) # M 10 Tony X b @ — % +25mm
4) WHE== » b (4) = 73 210 kg cm?®
36 1, min
2. %0 M £ &
(1) # . (‘1) F L AART RS T T T
S il —&— (16 ¥ o } 48EE)
(2) # 1 & (2) MTE. EAMEM
3.4 # £ #&
(1) # -4 (1) SCR &i# 53 10 KW
S EESEE A 5 (300 KHZ)
(2) T BE @M (2) 50 ~ 1000°C
(3) Il # & ¢ (3 1 %
BESH  t5°C LK
(4) 1B E # H 2 4) 13 % PR BB\
L& o B (i} 4 <> va—x (RE B HE)
(2) X—Y—T v o — & (L HE)
5.8 {f & (1_) Wie U (R by &F—oFHE)
(2) T E
6. % O fih 1) RBRRFBEEERE




o) 97 B

St B H% No. HF OO 2
H B Bo® R B X E
1. ABRBEE
(1) # 20 (1) ELMWIEYy — F B [E #5585
(2) m — M+ (2) & # 20 Ton
(3) iR 3 B B 10 Tons =% b ©— 7 :25mm -
4) WE== v b 4 F H 210 kg cm®, 18 1,/ min.
& “;Jélﬁta%;é (1) U—300 Ag 64 K 3 4 }
(2) 3y —n x4 754 %~ 807 A
600 / &
3 v V7FarFVY 22— F 883
4) 551 =2 PF 608 A 10 M -S4 b
(5) 7’?74‘_::?-?'4/17“1/4
ey v g7y 3>
LA L — &
(FTE~ BTE EALD
3.0 & & &
W % Fy (1) SCR %l # 53 10 KW
SABEHE B AN (300 KHZ)
(2) 3% & & & i (2) 50 ~ 1000°C
(3) ®I f8 ¥ & 3 1 %, BESM t5°C MR
4) & B & W &F |4 13 % PR BAEX
4, = o& % B (1) 4 ~>rva—x (RE. B HE)
2) =Y v o — & (ZEf. WE)
5. U g o I SRR PR,
(2) & {8 TF &Y

— 18—




a) ik = B

S ES # No EFOO0O1

" B Tt N R B
1. ABBAG
(1) 2 = (1) 4> ol 7/ /7 5%
(2) &% K & # & |[(2) 10 Ton
B) 7 m X~y N (3) 0.005 ~ 500mm, min

7 % & B
2. & ¥ &
(1) AN ) R EEMEE TREHMBERS
(2) 1% M3 & B & By (2) 100 ~ 900°C max 1000°C
(3) % # f{& (8) # > & A 500 W X 34 2%
4) & = (4} 3.0 KW
3. BB FEHEE
(1) Fz 29 (1) LR mka Cr—14 ®
(2) &/ B & # (2) 100 ~ 900°C

B BEHRTEE (3) * 2°C

4. e
(1) BERCHFEE 1) REELRE 3 Nt v a-—gx
(2) Takeda Riken ¥ = <= A F TR 6355

(2) B8l EEiE (1} 41 > " b= o8 A 69— 1033
Abb Ay —2 2y FEHR

(2) #H# ER B+ 2 5 DS— 6001
(3) Midori Precisions #! LP—50 F
() UL EBH X—Y L2 — % RW—101
(6) b U A4 8

Fmr RXa— 7 C0O—1303 A
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Fig. 4.1

Sampling Method of Relaxation Test Specimens

of SUS 304 Plate

(A 4 Material)
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Fig. 4.3 : Sampling Method of Tensile Test Specimens of
INCONEL 718 Plate (E 1 Material)
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5. & B & R
5.1 SUS 304 MOV 527 t—v a3 vVEBRERL I FEH

600°C WKt 2L 0FHVvn 0.2,0,6D0) 527 —v 3 YHEE
# 2000 BFfl e TEMHBLA. BbhAeERE £5.1,M5.1~
5.2 ] Km7To

®s5.11 s £0FH» 0.2% OV 77 t—¥a YABERT
b, MEALCIHS BICHETH»AB 500°C,550°C &+ H 0.2%. HA B
BEREHRZL CWBY 2. 550°C,0.2% OF— 2k EBREHO
bOEUNRTET LT ETCWRLEBbAROTHSEBRAREIT - %o
FTOKRLIARECHRLT LTS, SEOREE 1~2 kg/mn® BF
B&Zo>Twb,

600°C KT A2 A0 RBERI PHMIENELETEREL L
Wy ERMHATHEBRL ICERRO LA 28 ERHEATRER
—FHLTW 5, |

I®s5.21 1 €034 0.5% OV 527 t—v s EBRERTH
2o MEICS ®E b BICBCTw B 500°C,550°C 02V FH 0.5%
BRERTHITL T L,

T®5.1,M5.2 ] W 500°C, 550°C O} 5 2 —¥ 3 ¥
8L 600°C oo kT AL ERHEHMUMLEEEHATTR TN
KOBHHERD LI B, |

(1) SR T 500, 550°C OB AEWCHE V572 t—¥ 3 v HARER
BMERDPIEDEMAE L 0.1 BREMLER —BEE L
ZOBRBURDEMLED 52 600°C OB LI MEILHER
i 500, 550°C F EHE L R WBHELHTD b 2DOHE
BHEABEL LT L L2 BEILNEET LED %,

(2 EBFEMA TE 500, 550°C 0B A X birL D 600°C @ FuEM
HERABSLHER>TWVE, TOkD 2000 B A THE
550°C & 600°C UREBEOILNELZ>TwdH, ERHEATO
BNEMAROHEEDT HBELOECEERLTWL IO LE
A bbb,



Wik SEBLRA 600°C KA ) 52— = vEEED
) —TUOFTABRACLIERBEC OWTHHE LAHERET RN S,
BREBELEFEREOZ )V —TUOFARXRYEANTEHLAY) 52
t—~Y s VB ELAABERTHEBE L0 [M5.3~X5.6 |

€7 o |
Y LN BABMYES Bppic? OF — 2% FAns 0FLEL
AITRHELZ, BEEK arp=1 & L. T A PLIEI £
BCHEOCTHREBCBLALELZEMNL L,
IE5.81Es £03FH 0.2% OHFHET ABEREZNHBTERE
Lecdds [HE.4 13 ThEEBTERBLALIDOTD 5,
(M5.5, 5.6 1@ £203FH 0.5% ORRLTEMRICEREL
"HDTH 5L, |
IhbORX Iy EFEFEALCENTE 2V —70F 2RI E 5
R EE L Wy EREHEM (100 B ME) TH. FETER TS 5
CERbhr b, A ARICEN 2EZ0kD BRBXAEAHBRE
HEMSr ELIHTL T2,



% 5.1 SUS 304 M4 @ 600°C WK H T 5
V72 t—v a3 ryRABEHER

Table 5.1 Relaxation Test Results of SUS 304 Plate
at 600°C (D 4656 A 4 #)

] b * M (mm)} A OB OFE B K
SUS 304 &M #F| 40t X 2000 X 1000 * & R
O 'O H B OB B M
AR\ HEXst ELEREEMER
=% Si Mn P S Ni Cr Co
¥ sk {f|<0.08(|£1.00 |<2.00(<0.04[<0.03 Eig?Soigc.)?go <0.25
®AHH] 0.05 .58 | 1.00|0.028}0.003 9.10| 18.45| 0.07
% B OB O °C 6 00 °C
= B R OB = GFA412 GFA427 GFA419
w4 s (%) 0.2000 0.2005 0.4995
=% B B f5 (Hrs) 2033 2000 2034

#1 #8517 13.5 12.3 13.8

{Hr) 0,01 12.7 11.4 13.3

' 0.02 12.3 10.8 13.1
B 0.03 12.1 10.5 13.0
E 0.05 | 11.9 10.3 12.8
) " 0.07 11.8 10.1 12.8
& 0.10 11.7 10.0 12.6
i 0.20 11.5 9.8 12.2
] 0.30 11.3 9.6 11.8
T 0.50 11.1 9.4 11.4
D 0.70 11.0 9.3 11,1
] 1.00 10,8 9.1 10.8
B 2,00 10.4 8.8 10.0
5z 3.00 10.2 8.7 9.6
5.00 9.8 8.4 9.1

it 7.00 9.5 8.3 8.7
5 10.00 9.2 8.1 8.4
20,00 8.6 7.8 7.7

30.00 8.3 7.6 7.4

50.00 7.8 7.3 7.0

70.00 7.6 7.1° 6.7

kg, mm? 100.00 7.2 7.0 6.5
200.00 6.7 6.6 6.2

300.00 6.3 6.3 6.0

500 .00 5.9 6.0 5.8

700,00 5.6 5.8 5,7

1000.00 5.2 5.6 5.6

2000 .00 4.4 5.0 5.4

Final 4.4 5.0 5,4




24 SUS 304 Plate 40t
A4 Material
“E Temp. 600°C
E20 £t 0.2%
o
4
16
o
[ < SJ203 82-01 500°C
0 ;
A M e e RS
8 I i D
n ~—— T L _550°C ‘"“u.“
8 8§J203 82-01 550°C il -
O —
= /
T Present Data
W
v 4
0
|
0
d, - - 0 1 2 3
°og° 10" 10 10 10 10
Time T (Hr)
5. 1 SUS 304 S A# @ 600°C Kﬂ&h‘él)ﬁ;ftﬂyayﬂﬁfﬁ(l)
Fig. 5. 1 ! Stress Relaxation Curves at 600°C for SUS 304 Plate (1)
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SUS 304 Plate 40t
— A 4 Malerial
€ Temp. 600°C
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Er0 o
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-

186 .
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5., 2 : SUS 304 5B##H @ 600°C 7 A ) 52— Yl (2
Fig. 5. 2 : Stress Relaxation Curves at 600°C for SUS 304 Plate (2)



SUS 304 Plate 40t

A 4 Material

Temp. 600°C
£t 0.2 9%

Calculated Curve (aaz1)

12

Stress

Residual.

Experimental Data

~

G

-2

10
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< 5.2

SUS 304 MMM OEY 1 7 v EHABBER  (1/2)

Table 5 .2 Low Cycle Fatigue Test Results of SUS 304 Plate at 550°C (1/p)
B | SUS 304 4R H A OB OE HE K XK &K ¥ A OB OB Pk aHt ELEBLSTIEA
(Wt %)
mEWEE | ZHERTE ft % B » C Si Mn P s Ni Cr Co
E R A&E/AE 8.00] 18.00
21§ - ey
BTH AR |40t X 10280§ Bk g KE 0.08 1.00) 2.00 | 0.04 |0.03 10.50 | 20.00| 0.25
mm
& 0.05 | 0.59 | 0.87 | 0.027|0.003 | 8.98| 18.47| 0.12
A N o482 A 7 4 | &9 SONTE
B A BT (E 0.05 | 0.60|0.87 | 0.026|0.002 | 8.94| 18.59| 0.12
a) M=/
o . ) . ‘ _ B OB |E® N
& B 3% A 2R OK G 7 A # M % F .
B JE )E E H# F’Eﬁ kg/mm
°C % / sec & K NY, At AEp Ng Ny Ny Hr |[Omax. |0 min.
HFA739 | 0.500 ] 0.288| 0.212] 4603 9950 | 10061 279.47|21.33[ 21.20
HFA731 | 0.800! 0.352| 0.448 1354 2170 2260 | 100.44|25.55|25.14
550 0.01 HFA733 1.000 | 0.395| 0.605 149 999 1059 58,83|27.07| 28.14
HFA736 1.200 | 0.420| 0.780 73 632 912 60.80| 28, 28| 28.48
HFA734 | 1.500 | 0.462 1.038 42 33e 502 41.83|29.28] 29.39

No ! BREBCHzZL @K

Ns | BRWEDPS 5 FHRET L - B

Nzs | BIBDE (25 BHEET)



= 5.2 @ SUS 304 S M OEY 1 2 v EHRBRESR (2/2)

Table 5.2 : Low Cycle Fatigue Test Results of SUS 304 Plate at 550°C (2/2)
D) 42 (N 9482 A 7 #)

2Rl 7% N rmr| 0o rrum A g RIERED
°C 9% / sec | & = Aeg At Aep N, N, N, Hr Omax. |0 min.
HFA740 | 0.500 | 0.276 | 0.224 | 7693 8660 8711 | 122.20|20.67|19.33
0.005 HFA732 | 0.800 | 0.340 | 0.460 252 1334 1368 61.10[25.51{23.83
550 & HFA725 | 1.000 | 0.343 | 0.657 76 712 726 40.54|26.82|25.55
1000 HFA738 | 1.200 | 0.384 | 0.816 44 437 499 33.43[28.62|27.75
HFA735 | 1.500 | 0.429 | 1.071 36 239 270 22.61(29.50|28.89

No . BABECHEL 2O Ns | BABEDID 5 BEEET UK Nzs: BiBEEK (25 BHEET)
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= 5.8 Az 718 MHOFIEHXBRBER (1/2)
Table 5. 3 Tensile Test Results of INCONEL 718 Plate (1/2)
S I = - % S - - - = B 2 | A i 0
woH 718 A B OFE H S | RA P IR BR B IR S4L-EBREAETRA
OB B E E ZEHMERTE t %= B #| c Mn S P S Cr Ni
R e BN 17.00| 50.00
Hg;;% 20t X 200 X 1000 [ % & K& {E |0.080] 0.35| 0.35|0.015|0.015| 21.00| 55.00
f_a N N 1033 B 1 4 mm | b NS HT{E0.048] 0.06| 0.15|0.006|0.007| 18.60] 53.70
= WEHSHE lo.0s50] 0.06] 0.20/0.006{0.008] 18, .20l 54,00
b % W 3| Fe Ti | Al Mo |Nb+ Ta| Co Cu B
= o 5 0.65| 0.20| 2.80| a.75
Bk & AfE | Bal 1.15| 0.80| 3.30| 5.50| 1.00|0.300|0.006
L b~ o Bal. | 1.02] 0.48| 2.92| 5.16] 0.13/0.037]|0.003
B AT | Bal., | 1.05) 0.49 | 2.93| 5.28[ 0.11]0.022{0.003
Ot AER A OB AEBEE A R A2 N5 lEMI ff x| & b Lﬁ‘z’ﬁﬁﬁiﬁ
% /min, | B 7 #&| °C # B |(kg/mn?®)|[(kg/ me®)| (%) (%) ISZ2241
EFE101 114.5 142.4 16.3 39.9 A
20
EFE102 113.0 143.1 16.7 29.8 A
0.3 ot # JE EFE103 106.2 129.9 13.7 30.0 B
450 EFE104 110.5 131.3 14.1 23.5 A
EFE105 103.8 129.1 16.1 32.0 A




2 5.8 1 A rIhor TI8 MHOHEABRKER (2/2)

Table 5.8 : Tensile Test Results of INCONEL 718 Plate (2/2)

T AEE| A B R HBREE| A B R | 0.28W D|FIE®EI [#F Ui b EEAE
%/ min.| B B iz &| °C & 5 | (kg/ mn®}| (kg/ mm®)| (%) (%) s z2241

EFE106 100.5 128.0 15.3 32.1 B

500 EFE107 107.9 132.4 13.9 27.8 A

EFE108 107.8 131.2 12.0 23.5 B

EFE109 101.5 127.4 14.3 32.0 A

550 EFE110 102.9 128.4 12.6 29.8 A

0.3 Bt WEE EFE111 99.8 125.1 12.7 30.0 A

EFE112 106.5 125.2 17.2 36.0 A

600 EFE113 96 .4 117.3 21.6 41.9 A

EFE114 86.9 108.3 26.9 56.1| A

650 EFE115 92.3 111.9 23.5 52.7 A




%= 5. 4 A ra3xn 718 WHOELNEEREPTADHEB (1/3)
Table 5.4 : True Stress versus True Strain Relations of INCONEL 718 Plate
(N 1933 & 1 #)
R . T 45 0 °C

EFE101 EFE102 EFE103 EFE104 EFE105

e a £ ar g* gr g¥ g £* g
0.02 3.63 0.02 4,05 0.02 3.55 .02 3.44 .02 3.76
0.05 9.32 0.05 10.82 0.05 8.46 0.05 8.20 .05 8.90
Q.10 19.06 0.10 21.58 OﬂlO 16.81 0.10 16,80 0.10 18,09
0.15] 28,92 0.15| 32.24 0.15 24 .88 0.13 24.85 0.15| 27.26
0.20 37.81 0,201 43.11 0.20 33 .34 0.200 32.77 .20 36.13
0.301 57.34 0.301 64.74 0.30 50.13 0.30] 50.17 0.30fF 53.72
0.40| 76,98 0.40] 85,67 0.40 66.60 0.40| 66.15 0.40| 71.90
0.501 95.88 0.50,102.24 Q.50 83.45 0.50, 82.04 0.50] 88,52
0.60[108.52 0.60[109.96 0.60 96 .34, 0.60[ 95.66 0.60| 97.61
0.801115.58 0.80(115.00 0.80 | 105.90 0.80 109.51 0.80(105.27
1.00]118.18 1,00(117.78 1.00 110,39 1.00 114.10 1.00( 109.04
1.19(1120.41 1.19(119.74 1.19 113.27 1.19| 116.97 1.19(111.75
1.49(1123.71 - - 1.49 ] 117.00 1.49[ 117.58 1.49| 115,39
1.98|126.49 - - 1.98 1 120.26  1.98 121.33] 1.98/118.24
2,471128.90 - — 2.47 | 121.22 2.47 123.04 2.470 120.20
2.96[(131.58 - - 2.96 ] 123.33 2.961 125,74 2.96]122.47
4.881139.67 - - 4,88 126.77 4,88 132,28 4.881129.93
9.53]|1154.03 — - 9.53 | 140.48 9.53 143.07 9.53| 141.81
13.98)1163.40 - - 13.59 | 148.99 11,05 147.02| 11.86| 145.52
14.611164.53 - — — — — — — -

g True Strain (%) ¢F : True Stress (kg/ mm?)

{(1/3}




e 5.4 fraztrnr 718 WHOAEGDEEGT 2 OB & (2/3)

Table 5.4 : True Stress versus True Strain Relations of INCONEL 718 Plate (2/3)
5 0 0 % 5 5 0 °
EFE106 EFE107 EFE108 EFE109 EFE110 EFE111
£ g* £* o* £* 0* £* 0* & g* g* ag*
c.02 3.36 0,02 2.83 0.02 2.98 Q.02 3,08 0,02 3.22 0,02 3.05
Q.05 8.57 0,05 7.97 0.05 7.86 0.05 8.07 0.05 7.89 0.05 8.44
0.10| 16.96 0.10] 16.15 0.10] 16.03 0.10 16.45 0.10] 15.99 0.10| 16.92
0.15] 25.71 0.15| 24.43 0,15 | 24.32 0.15 24 .88 0.15| 23.88 0.15{ 25.58
0.20] 34.45 0.20| 32.59 0.20)] 32.63 0.200 32.%94 0.20| 32.04 0.20| 33.75
0.30| 51.%0 0.30] 49.33 0.301 48.78 0.30f 49.34 0.30] 47.92 0.30] 51.17
0,401 69,12 a.,40| 65,71 0,40 | 65.00 0,40, 65.88 0.40| 63,92 0.40| 67.87
0.50] 82.93 0.50(| 81.31 0.50 | 80.95 Q.50 81.95 0.50] 78.44 0.50| 84.15
0.60| 93.80 0.60| 85.07 0.60| 94.63 0.60, 93.41 0.60] 89.93 0.60| 93.23
0.80|101.62 0.80]1107.37 0.80 [107.04 0.80Q 102.00 0.80|102.22 0.801100.93
1.00]105.71 1.00}1111.,73 1.00([111.34 1.000 106.20 1.00[107.00 1.00| 105.38
1.19]108.59 1.19]114.47 1.19{114.53 1.19 109.25 1.19{110.39 1.19/108.35
1.49(111.60 1.49]1118.8Y 1.49 (116.80 1.49 111.00 1.49] 113.66 1.491110.29
1.98/116.00 1.98[121.38 1.98 [119.90 1.98 117.27 1.9581118.94 1.98]/113 89
2.,471116.66 2,471123.63 2.47 1121.48 2.47 119,70 2.470121 .41 2.471117.02
2.961120.11 2.96(1125.54 2.961123.76 2.96 121.48 2.96(123.58 2.96(119.27
4.881127.67 4.88(131.83 4,88 1130.67 4.88 124.96 4.88|129.55 4,88|125.69
9.53]1139.60 9.531143.99 9.531143.31 9.53 139,70 9.53{141 .15 9.53/137.58
11.55(143.51 11.20{148.32 9,96 |144.96 10.45) 141.19 9.69] 141,47 10.13]|138.40
I True Strain (%) 0* : True Stress (kg mm?)



7= 5.4

4 razxn 7118 RHOEAGLNDEEGTAOERBR (3/3)

Table 5 . 4 True Stress versus True Strain Relations of INCONEL 718 Plate
6 O oC 6 5 0 OcC
EFE112 EFE113 EFEli4 EFE115
§'f O‘}: 87': 0‘7’: Ei’: Ov’r E:‘r O-}:
0.02 3.62 .02 3.17 0.02 3.12 0.02 2.58
0.05 7.99 0.05 7.78 0.05 7.61 0.05 6.93
0.10 15.82 c.10 15.61 0.10 15.56 0.10 14.25
0.15] 23.87 0.15 22.98 .15 22.88 0.15 21,386
0.20| 31.78 0.20} 30.73 0.20| 30.50 0.20 28 .37
0.30| 47.20 0.30]) 45.65 0.30} 45.53 0.30 42 .63
0.40] 63.01 0.40 61.26 6.401 60.60 0.40 57 .0
0.50f 78.77 0.50 76.24 0.50| 72.72 0.50 71.31
0.60] 92.87 0.60| 86.32 0.60| 80.33 0.60 81.70Q
0.801105.27 0.80| 96.27 0.80| 88.22 Q.80 91.65
1,00[110.11 1.00[100.70 1.00| 91.30 1.00 95.51
1.19| 113.08 1.19[1103.36 1.19] 82.44 1.19 97.13
1.491116.89 1.491109.85 1.49[(100.61 1.49 105.53
©1.98[119.57 1.98[112.48 1.98§106.69 1.98 | 110.65
2,47 121.61 2.47(114.57 2.47{108.99 2.47 | 112.56
2.96| 123.45 2.96|116.54 2.96 (110,36 2.96 113.93
4.88]129.41 4,881121.91 4.,88(113.58 4.88 117.33
9,53/ 137.59 7.821126.65 5.041113.82 5,13 117.87
10.00| 138.24 — - - - - -
c* True Strain (%) U* : True Stress (kg mm?)

(3/3)
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< 5.5 A raixn 718 HHMOBY 4 27 v EFREBEE (1/2)
Table 5.5 Low Cycle Fatigue Test Results of INCONEL 718 Plate (1/2)
#os | T TRE R B EEI | KRG F | RBREF (& SLERESTEM
A EE M RN & b % & 7 C Mn S P S Cr Ni Fe
Bk ENE 17.00} 50.00
H L E 20t X 219 X TR AM ]0.080 |0.35 | 0.35 | 0.015|0.015 | 21.00| 55.00| Bal.
C 7 e 1010mm | L h N #{Elo.0a8 | 0.06 | 0.15 | 0.006|/0.007 | 18.60) 53.70| Bal.
£t N 1933 B 1 # 85 2 AT (B 0.050 |0.06 | 0.20 | 0.006|/0.008 | 18.20| 54.00| Bal.
t % 5 | 7 Al Mo |Nb+ Ta| Co Cu B
2 kg B 0.65 0.20 2.80| 4.75
Bk 1.15 0.80 | 3.30| 5.50| 1.00 |0.300 | 0.006
b~ ATl .02 0,48 2.92 5.16 | 0.13 {0.037 | 0.003
w gy o AT E 1,05 0.49 2.93 5.28| 0,11 ]0.022 | 0.003
A BT | RBRRF] O o owm H woB B & 120 (= =R S TV
wOE =B = kg~ mm?
& =
e % / sec AS ¢ Afe AEp Ny N N, . Hr Omax. |Omin,
HFE106 0.9 0.873 | 0.027 300000° 1500.00| 67.46| 62.66
500 0.1 HFE105 1.0 0.904| 0.096 2302 17807 17835 99.08| 59.98] 69.93
HFE112 1.2 1.014| 0.186 1 7010 7022 46.81|59.64| 81.01
HFE111 1.5 1.096 | 0.404 10 890 890 7.42| 79.26| 89.51
No ! BAWECHZEL =R N; . BATHEH»S 5 BFFER T L =k Nes ! BB (25 27 EET) ¥ . REEHE




= 5.5 ! 4 rITF A TI8 HHMOEY A 27 ArEFRRER (2/2)

Table 5.5 : Low Cycle Fatigue Test Results of INCONEL 718 Plate (2/2)
AB)NOTE AR BRI 4 o o4 g @ F 5 B & ;‘iﬁﬁ%’“ﬁ
1 WO : B g,/ mm
°C % / sec = i At A€e A€p Ng Ny N, Hr |Omax.|Omin.

HFE115 0.8 0.753 0.047 |- 134075 595.90 |60.76 |60.76
HFE118 0.9 0.840 0.060 5000 33944 34116 | 170.58 149.10(|69.21
550 0.1 HFE119 1.0 0.886 0.114 5000 15403 16875 93.75 {59.05 [72.23
HFE120 1.2 4 0.963 0.237 1 4830 4857 32.38 |154.17 |75.12
HFE121 1.5 1.074 0.426 1 452 524 4.37 |57.49 180.06

Ny BRAHEICEZELCEE Ns: BARENE 5 SHERT LM Nzs | BBEHK (25 2HEET) * 1 OREEM
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Fig. 26 Low Cycle Fatigue Test Results of INCONEL 718 Plate
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Fig. 5. 27 : Cbmparison between Present Low Cycle PFatigue Test Results
and Other Experimental data of INCONEL 718 Plate
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Fig. 5 . 28 Stress Changes during Reversed Strain Cycling of
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FBR Metallic Materials Test Planning Sheet WE58%E 3 K318
Date:

i & 3 e | fE 3
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E L& B
0O % # & Proposed Plan S o e i & W I 5
WM& L 2-5tE Approved Plan
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Item M # & ® Descriptions

L E&Subjecfg DR T - 2 0%

5 8 5| SUS 304 ORBMIL HEAEE LS L AIC L, FRC 2 ) — 7 0F2RIC L BT
Objective RO TTRELED B,

33 %ﬁonl:entfE %Eﬁfﬁﬂﬁi-ﬁ—-‘/ayﬁ%ﬁ

o % # #| = = .
4 Objective Component =1 E fb:' % %?E ﬂﬁ'_'

#® B # # HH& Name i Hsl  Production Form i Size {thickness and others)
5 Materials SUS 304 W 40t
* ] e 1 MK 4 b In Air O7n>i InAr Clgr2:d  In Vacuum
6" Environment | Of#ikNask  In Stagnant Sodium O # d9¢ InN. O%of Others
. O#fhNad  In Flowing Sodium DO~ 74 In He { )
ER A - ‘ : i
i | {7 . .
TeofTest| g gy giB R KRK oy ool %F:u g T NG
7| .= ' High Speed Tensile ' £ : . ! Others
2T p—F— Tensile Test ; Test | . Creep Test | J:]Creep Fatigue | Relaxation Test |
Parameter ! ! ! Tes H ' ( )
H# F«— v B | ) ' '
No. of Material Charges | ) ) ;
[ A VR S - 4 H :
No. of Temp. Levels ' ! ! !
w h v o : :
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P AR L < A% , 2 :
No. of Strain{Range)Levels ) ;
CFA#ELSLE :
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[ - I 4 | 1 '
No. of Hold Time Levels j |
I ; : . i 2 1
No. of Repetition : ! : ! :
® OB i & i E E 3 3
H % K & % : ? 3 .
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3 : 2 |0 H ' . OLife [JNotched i .
8 nKTestﬁParanr?et ersﬁ' +,—§ OFracture Test | OFracture Test | ORupture Test | DOCycle Str:sg © : MRelaxation :Dﬂln'{'lﬁ"i:mﬁeﬁa;
‘ N s S ! S s ' |:|1Creep CILII)I'VE ; Dgtrailr(\ gl-l}l;ve ! tress ! D?iﬁ?g«ﬁbﬁ
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e a s . B00C i Thnch
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o : E 5 i 02,05% TEhta
£ ; - . -— | O pmpmianm
§ ; : Time : Strain Rate : Time :gﬁiﬁﬁﬁgémw
" | s 5 ;2000 hr OHgEARR
e \ : : Load Duration 8 AS
1 E i E 5ummxmﬁ
s e | | iozon
. . ' ' v Others
. . . : o !
O M R OB OB A M . ! . : L :
Neo. of Testing Macl'llines H B , , 249 EE‘ .
OB OM MESR) ) | ' . 58 H
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