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Manufacturing Technology and Material Properties of Large Size
Austenitic Stainless Steel Forgings
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Hisashi Kaca, Mikio KusuHAsHI, and lkuo SATO

Synopsis :

The effects of grain size, cooling rate, and chemical composition (especially carbon content) on tensile
properties, intergranular corrosion resistance and ultrasonic attenuation were studied to establish manu-
facturing conditions of large size austenitic stainless steel forgings. Based on these fundamental studies,
large size products such as disk and flange forgings were manufactured and the verified results proved

their homogeneity, excellent quality, and good manufacturing performance.

1. 4

BAKRRTFHRERBORBRILC L S HWERTFFE
NBEB/BKEULL, ZOFCHAZAThDEAT v VAR
BlAvE—FAEHIBEERILIND XD TE
fo. X HLIRBAEMEOMED DT\ 3 EEBEEFIC R
Th, PRRE PRBEDLEOHME LT, Rk
WIBEKREA 7 v v ABROFEHANTFEIRTEHD, X
TV VAROKRELCETE, HE DI LOLE
bbb,

I BORBZM I NTE, EHREI ORI
HRETERT D Z EVEETH D2, ZORBHD
TIBEL AR OB AT UL L LTI LR
e ZBOMEAY L TW5Y0. E L ST
CEUL, BEREMCE TSIz s5 2%
EARETHD, FHRROBMMILT SO —H D
BEHLINE LT B ¥ BEMC BT 5 %HE0E
MEBEOBHEEY, AERTTUHRCEL D &
SETERIEL S L. LicdioT, Zh HLER#IF
ek L TRELYIHCEEL, anBkoicdoft
R OEE, BAERMNE  wBEMIEMN Ok R %
BEThHDH. —FH, ThOLBEAEMOMERT » 22T
3, TOARBRSERYELLERL TR LIEER

[

LEZbh5.

22T, BEXKEA—2AFF4 FRAT VLV AHFHOR
BT AEBRBR L LT, type 304, type 347 g0 5|
BN, THRAEARN, BEEEAME TS XiETREN
BE, BHEE DURALERS & K cCEDEETOW
THREZ L. T, HAEEBEIRRCIIYRESh
5D THHORNKL, b EXBMMI&HOETE
X haENBETELLDOTHD, TOFBREDE
BT — 2 L L CENEREGEBROLERTO.
b, ThbERF— 2 E S THELKE A
FYLVRBBT 4 A 2B X075 v oM OEERR
TV, BEEZEOZYUE AR TS LR, BEX
B DR G I OE L 727

2. RIAEERDOAE

BB & & < B LBLTE HoK B Ry O W HE BV R
CkETS. £ THE 100mm 6 500mm o type
304, type 347 SMB A S A AV AREET (10mm),
14T, 12T i (T : BE) B EH AL, HEE
ErRA L. & OEHER RO Hick]
535 L E 2 bhBRER 850°C 55 500°C ¥ T oD
SEHSIEE YR, ThErARCH LEELERY
Fig. 1 &xR7.

W1 56 £ 4 FALSEEASICTHRSE B 57 £4 H 2 A2 (Received Apr. 2, 1982)
* (k) B AR ORIFZEFT Ti# (Materials Research Laboratory, The Japan Steel Works Litd. )
2 (M) ASMATSEA/ER T (Muroran Plant, The Japan Steel Works Ltd. )
*¥3 (pe) 0 ARUSRFT S 84EFF (Muroran Plant, The Japan Steel Works Ltd., 4 Chatsumachi

Muroran 051)

* (k) HARERFTHOE AR (Materials Research Laboratory, The Japan Steel Works Ltd. )

— 165 —



672 % &

¥ 69 4 (1983) 6=

1000
\
AN
- \
£ \\\ ‘\\
< \ —~—
8'00 \ \ I'J;nnDEPYH
u A\ -
Pd ANVAY
@ N\
kzﬂ \Q\
3 0 \\\
8 ~ \\,/
4T
"/21'
'6 700 200 300 400 500 600

THICKNESS (mm)

Fig. 1. Average cooling rate corresponding to
plate thickness of austenitic stainless steel when
water-cooled from solution heat treating temper-
ature.
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Fig. 2. Effect of grain size on 0.29; yield
strength and tensile strength.

€0

® ®0II%C
.
58
> o 30.063 (]
86 P,
= C
[*) 0.028%C
£ ° Ca
v 54
2
»
. TYPE 304
22 1130%C  oee
R .
) ASTM G.No.25-35 mmnrno‘. ©0.11%C
s TEST TEMP. R.T. COOLING /
;20 P
@ L~
> / @0.083°AC
3¢ e ___—»o
Sre —
o/ 000284 C
16 q —_— "
o Q ———‘o/
14 1 [
[ s 10 5 100 500

COOLING RATE (°C/min)

Fig. 3. Effect of cooling rate from solution heat
treating temperature on 0.29, yield strength and
tensile strength of type 304 stainless steel.
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Fig. 4. Effect of (C+N) content on 0.2% vyield
strength and tensile strength of type 304 stainless
steel.
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Tab]e. 1. Eﬂ"ect of cooling rate on in‘tergranular ceeeee- DUAL I
corrosion resistance for type 304 stainless steel C:0110% I

0.0762,C). 1000 |———fei=2] S s v
(0.076%,C) =
800
SOLUTION COOLING TEST METHOD ~__
HEAT RATE Bt SO0 I —
TREATMENT (€ /min) JSGOST1 HSGO57S 600 il o e S A
SE C:0054%
2000 STEP O g 1000 | L
- N N N -
300 DUAL O % s00 ; 1 < -
1050t O b T —
100 DUAL O 5 soo|—|—| [y IO W e
30 DITCH
1H O C:0026%
20 DITCH O 1eoo I
10 DITCH () 800 T
R N
600 i e S
5 DITCH '
[«1-3 3 v 10 30 60min
* JIS. GO571: 10%OXALIC ACID ETCHING 3 5 I0H

* % JIS, GO575 : CuS04+H2504+Cu (16H BOILING)
sa% (O:NO CRACK @;CRACK

Table 2. Effect of cooling rate on intergranular
corrosion resistance for type 347 stainless steel.

Test Method

Cooling
: Sensitizing
Rate ASTM A262 ASTM A262
(C/min) Treatment  “a' pethod  E-Method ~ PIN 50914
— Step O] O
70 560°C x 96 h Step @] O
590C x96 h Step O O
— Step Q @]
6 560°C x 96 Iy Step 0] o
590°C X 96 h Step O O

* Solution heat treatment : 1150°C x10 h

** (5 : No crack is observed

**xASTM A262-A : 10%Oxalic acid etching
ASTM A262-E : CuSO,+H;S0O+Cu (24 h Boiling)
DIN 50914 : CuSO4+H;S0,+Cu (15 h Boiling)
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2D b, BE 350mm Ll EE75 &, 1/2T &
B D RRPEBbIhd L 5.

—75, 347 $RD KRB ARABIER L Table 2 iR
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D F X B OFETFTRD Divin.

fe3s Table 1 (% 304 $§C% CEH 0.076% L5\

TR RO HABM LD EE L Hbh, CEBMN

HOLOING TIME'
Fig. 5. TTS-Diagram evaluated by 109 oxalic
acid etch test for type 304 stainless steel with
various carbon content.
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Fig. 8. Configuration of large size stainless steel
forgings.
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Table 3. Chemical composition of type 347 flange forging.

Location C Si Mn P S Ni

Cr Nb Co N

A-1 0.040 | 0.74 | 1.70 |0.022 {0.008 | 9.7

18.0 | 0.66 | 0.03 [0.0460

A-2 0.038 | 0.74 | 1.67 10.021 |0.008 | 9.6

18.1 | 0.52 [ 0.03 [0.0416

B-1 0.035] 0.73 | 1.66 |0.020 }0.007 | 9.6

18.0 | 0.58 | 0.04 [0.0436

B-2 0.038 ] 0.74 | 1.66 [0.021 |0.007 | 9.5

18.2 1 0.61 | 0.03 [0.0410

Ladle 0.035] 0.65 | 1.49 |0.022 {0.009 | 9.8

18.1 [ 0.63 | 0.03 [0.0412

Table 4. Tensile properties at room temperature of type 304 disk forging.

Location  Sample  0.2%YS  T.S EL R.A ¥ Sample NO.
ocal No* kgf/mm? kgf/mm? % %
Surface #5 25.9 56. 8 56.8 74.5
#1 19.6 55.3 58.9 68.6
#2 19.6 53.9 51.5 53.8
1/4T #3 19.9 54.4 58.3 68.1
#4 19.6 54.9 59.3 71. 4
#5 20.0 54.1 53.2 63.4
2/4T #5 21.9 50.2 311 43.7
4M676® x 538 mm
Testat " Table 5. Results of intergranular corrosion test.
est g Room Temp, 350°C
Properties Direction
. A =] 27.7 F— 18.5 LOCATION
Yuc'l(d :;:,:?h & 2z 23 prODUCTg | THICKNESS
¢ R 276 =—= :'!7743 tmm) | o/aT| vav | 2/47 | 34T | asat
Tensile strength{—2 \— o e—- 1 304 DISC FORGING | 518 O o e@| |0
kgf/mm2 R 57.2 384 *
Elongation [—A 52.8 === 363 304 GRIDPLATE™( 178 O/l 0| OO0
B 56.0 39.4
% R 54.0 f———————u— 37.5 347 DISC FORGING | 538 O O O O @)
) A 652 68. | -
Reduction of
T 66.9 ? 74.0 347 FLANGE FORGING| 495
Area % —x 69.8 j 584 o O O O o
) * JIS G 0575  CuSOs + HoS04 +Cu (16 G
445 eMs30f A : Axiot xx DIN 50914~ CuSOn + HeSos s Cu 1o BOILING )
; T . Tangential % % ASTM A262-E CuSO; +HoS0¢ + Cu (24H BOILING )
T R : Radial O NOCRACK (D MICROCRACK @ LARGE CRACK IS OBSERVED,
S _ test coupon .
o "/ —_—
N - RIS T O AR EABREREZRT. KBRABRECK
—

Fig. 9. Tensile properties of type 347 flange
forging.

FO172T TR S DET2 B bhich, Ioks
Z DMRHIMRIES 538 mm F it E <, ECETHD
T EDRZIHLERFERE LT 2T w5 EHfEEIh S.
Eic 14T ekt % 5l M, RFBRCRTLS
KT DOALE T hizig—Tch o,

347 75 voMOE, BB IORFEAOER & L O
350°C =R 5 IRABRK R Fig. 9 1Rk, AfLRos
WEHIeDTUL, BHRFELEL TS L5 ETHLD
A ZEB LI TEEXRA LD TH S, FiEE
BB LA X 5, WIE 445 mm T§ RIT 75 3R
ERLTW5.

5-2-3 (AL E

Table 5 &5 4 2 7B L7 5 v oM OKRERE

T 347 75 v okt 0/4T XAEKE, 4/4T 4R
B ZTh ZThRLT 5.

RIE 515 mm @ 304 85 1+ A 7 Mic kW Cit, &
HALBLIERRE TR 2, BHEE DR 1/4T~3/4T
R RENPRED DR IO L, ABREDE X O
347 F 4 A MBIV 7 5 vIHMIRB\TIL, BHE{LE
P Th L 580°Cx12.5h ¥ 71 650°Cx30h
SIELAIE T B R R EIUIFER S s o,

5-2-4 RSB S X O PRk

T4 AIMB IO 75 v REMBIRIET S
o OIS SRR TAE R % Table 6 1R, FZK 347
54 A7 DL, o Table 4 R LIz F—D3E
BT D ERNEREXZToTW 52 b TH—ik
AL RL T\, REETFED 455 mmt 347 ${o
BEb b TH—MNOHBNESHRETHS. &

— 170 —



RREAR R 7 v L ARG O 8E &R

677

Table 6. Results of grain size measurement.

Type Products Samgle Location Thickness
No. 0/4T 1747 2/4T 3/47 4/47 (mm)
3 2.1 2.4 1.7 2.5 2.
#32 3.6 2.6 2.3 2.4 1.7
347 Disk forging "3 2.5 2.5 2.3 1.7 2.1 538
7y 3.7 2.2 2.5 2.4 3.7
75 2.9 2.1 2.9 2.9 2.4
304 Disk forging - 0.4 0.4 0.1 0.2 0.4 515
304 Grid plate - 2.5 3.0 2.7 3.2 2.3 178
347 Flange forging - 5.0 4.9 4.8 4.3 4.4 445

*  Sample No. is shown in Table 4

niextL, 304 $ioH4A 178 mmt ¥ TR s
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5.
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noBLRC T S BiF BB E R L. h bRl
D5, 304 7Y, b T U — M ORI E A AR
Bk, Pl dd 3aoERRHHE G LT
ZEnb, B/ 2mme g Y45 ER RO H A
ARELHEEINS.

Fo N HOBGOBERR JORABTREORKR,
FThoBlfes bR ExrmbIh s, &
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DL oo SR EE 3 X OV PRt R B 3 5 BB R &
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6. & 9 U
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%z, FriOiwiEi.

(1) AHEEOETCIVBREBIOE T A KE
<, BIEMS g LA LB LU, U LESARLEES,
(C+N) BifaRmx, 5IEEIOVWTFhic b K &%)
REBET5.

(2) SBHEEOET & CEOBINT X b 304 gD
WRABAENZELCBbh b2, Ll M Tiiro
MEN DI EERNERTPR AR AL, 3
EALEEERE L.

(3) 304 Sz k-~ 347 §CULAE AR BR vt LA
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