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Fat1gue Propert1es of H1gh Cr-Ni. Austen1t1c Steels at Elevated Temperatures

(Study on hlgh Cr—N1 austenitic steels—II)

Fujio TSUKAMOTO, ,‘ Tadashzv KAwASAKI and Kenkichi Hosor

Synopsis:

Effect of alloying elements, melting process, heat treatments and grain size on h1gh tempe-
rature fatigue strength were investigated with AISI type 309, 310 and 330 steels to obtain
some practical design data. The results obtained were discussed on the basis of precipitation
“hardening of austenite In this experiment ‘tests were carried out at 650°C 800°C and room
“temperature,’ usmg a rotary bending fatigue testing machine..

The results obtained are as follows:

(1) There is a definite fatigue limit at 650°C Whlch is higher than the proof strength at
this temperature, and this fact is explained by precipitation hardening of austenite.
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But no definite fatigue 11m1t is observed at 800°C
(2) The endurance ratio at 650°C is considerably higher than that at room temperature.
This indicates that the strengthemng of austenite due to prec1p1tat1on takes place during

the fatigue test at this testing temperature.

(3) At 650°C the fatigue limit is lower than the creep rupture strength obtained from a

' short-time rupture test (up to 10h).
than 10h) are lower than the fatigue limit.

But the creep rupture strength for long-time test (more
The creep rupture strength, therefore, is more

important than the fatigue strength in determrmng the working stress ‘of a high- temperature

machine elements.

(4) Carbon and nitrogen are very effective elements in improving the fatigue strength
of these steels; while silicon and nickel have a minor effect, but no effect is observed w1th

chromium.

(5) Specimens melted in vacuum shows little 1nﬂuence on the fatigue strength as compa-
red with that melted in air of the corresponding chemical analysis.

(6) As the temperature of the solution treatment of specimen is raised up to 1200°C, the
fatigue strength_of type 309 and 310 steels is. 1ncreased even though there is a consrderable

grain growth

(7) The fatigue strength at 650°C of austemt1c stamless ‘steels is controlled not only by’
" the resistance of plastic deformation of austenite but also by the precipitation hardemng
which takes place in austemtxc matrix during repeated loadlngs
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-Table 1. Chemical composition (air melting) and strength at 650°C.
. : o
AISI : .- Chemical analysis (%) E Strength at 6509 "{ Enduran- -
, Marks - « “Endu- Proof | Tensile | ow/dy | ce ratio
- types rance | stress strength ow/oB
. : C Cr | Ni Si ] Mn limit ow| ov gB
_ o ‘ ‘ | ‘|kg /mm? |kg /mm? kg /mm?
- 309 | HX31 | 0°16 | 23°83) 13°78| 0°55 | 1°48 | 0°028] 23°7 135 377 1475 0°63
i . 32 | 0°034| 22+97| .13°49| 0°49°| 1+44 | 0027 16°0 10°8 30°0- 1448 0°54
K4 331 0°08 | 23-83] 13°56/.0°59 | 1°64 | 0021 22°6 133 33°9 170 067
-y 34 | 0°29 | 23°76| 13°60| 0°531 | 1°19 | 0°028] ~25°7 217 39°4 - 1°18 0°65
Ks .. 35| 014 | 23°72 1342, 047 | 1°45 | 013 24°5 184 39°8 1°33 0:61
k& " 6 |°0°19 | 23°45| 13°50 0°62,| 145 | 0°23 308 22°2 47°5 1°39- 0°65
e - 10| 0°12 | 23°50| 13°50{ 1°40 | 146 |-0°024 23°1 - 141 38°0 1°63 061
4 11.] 0*14 | 23°58 13°50 2°22 | 1°46 | 0034 24°6 14+2 398 1°74 062
310 KX31 | 0°20 | 25°53} 20°66] 0°66 | 1°61 {0031 24°0 16°5 409 1445 0°58
s 2 0-025| 23°78| 20°78| 0°55 | 1°45 | 0°044] - 150 8*5 - 30°0 176 0*50
7 1 # 33| 012 | 25°53 20°66| 0°66°| 1°61 | 0°028] 22°0 1201 39°9 1+83 0°55-
2 7 34| 0°47 | 25°53| 20°66| 066 | 1°61 | 0°059, 27°0C 216 43°3 125 0462
7 2 23 0:07 | 25°72| 20°47| 0°69 | 1*71 {1 0°017| 18°0 10°8 37°1 S 1%67 0+48
K4 7 36.1 0%16 | 25745 20°75| 0°42 | 1+47 | 022 28*0 19°1 . 51°1 (146 0°55
4 # 12| 0°13 | 26°08| 20°72| 2°69 | 1°73 | 0016 25°0 18+7 39°8 1°34 0°63
# | # 181018 | 25°60 20°80| 0°85 | 1°66 | 0°020 - 22°5 20°3 - 38°0 1011 059
330 TX 1]0*19 | 14°63| 3515 0°65 | 1°51 | 0043 260 194 48°2 134 0°54°
e 4 210215 | 19°72 35¢17| 0°56 | 152 | 0°035 2545 191 42°9 ©1°33 0°*59
o # 340012 [.24°87) 34*58 059 | 1°46| O° 042 260 19°6 45°2 1°32 0°57
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Table 2. Relation between fatigue and creep rupture strength at 650°C.

. - o ’ th
, : Fatigue strength kg /mm? - Creep rupture streng
AISI types | Marks £ kg/mm?
‘ ‘ » 10h © 100h - 10h 100h -
309 HX3t  [1*0X 108 cycle 237 1°0X 107 cycle 237 22°5 157
310 | KX3t  |1-8x108 7 24°0 © |1°8X107. 7 240 24°0° 16°8
. 330 TX 1 .- ” 26°0 - 126°0 2610 16°7
i T CHF\U TR 2X 108 8 (1700 rpm- T 20h) THBD
B N I , ERLE C© HTrwFhbigE 3~4x10¢ [ (1700
P NN ' A3 QE%C L4 -~ < - Vil
Sz NS L/ ot o - rpm THY 30~40mn) ThH%. T OFHAIL 310, 330H
Y g‘ L D a7l MITR VT RO RPEL N
S R COBRNE Cr LMD T CBIRT 5 %
ey %' 1o i .
o ~ R DLFEZBND. Cina® 13 Cr-Ni F — 25 7 4 M
L . o . :
N R TN T 650°C R W CIHEE th RO T Cr it o

Number of cyeles

Fig. 2. S-N curves for AISI type 309 steels
at 650°C. Effect of the carbon
content.
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Fig. 3= Effect of the carbon on high tempe-

rature fatigue strength at 650°C of high ;

Cr-Ni austenitic steels.
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FEAERLRVWEDTHESHS EHZEZLNS.

b) N . '

309 #gFoE HX3L, 35 6, FIU 310 BHD
s KX31 & 36 oWt N o 8 & 2~k
(Table 1). ZHi ks ENEmEC & RRICTHAIRIX

BLLEL D, BNOR HX 6 a3l KX36 11 -

SERBHREDRESAZ . COREP SN 072% b

C FORIMAEYSRERB T L TCELDTEITHS L

EREbND.

c) Si : o

Si RinOFEY 309 BlgMORE HX31, 10, 11 &
IO 310 BSHOBE KX31 & 12 icow T HELE
(Table1). CEZ—ERTH I EBTERPDIID
WEOHBIIEETH 55 Si BOBVHIDTPICE
SIREREENS S LN, H St 0K HX10 &
s HX 11 BRBRIO7 = 74 MEPHERBPIZY I
TR 5 ORRDOLNDY, EFRECS JETY
T O EEAS TR, '

d) Cr XU Ni A

Ni 35% %4&%r 330 BT Cr =% 15~25
G B EE i Cr L XD TEHMEITIEL A

CEEEL 5 TRV EBRD L. (Tablel).

# 7= Ni BizcoWwTiEC, Cr BEOH LVl KX33
LR TX 3 woWwThERT % Ni 88SWHRHE
ABRIZE L (Table 1).
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" Table 3. Comparison between air-and ’vacd’um-mel,ted spéecimens.

. “hemi s (o _Strength at 650°C
AIST | o rks | Melting Chemical analysis (%) - Enduran-| Tensile
fypes- conditions C c N Si M N 0. ce limit | strength
’ ! ! o ®  |kg/mm? |kg /mm?
309 | HX31 | Air 0°16 | 23+83 | 1378 | 0°55 | 1°48 | 0°028 | 0°013 27°0 35%6
” 7 V1| Vacuum| 0°19 | 23°88 | 13°63 | 0°58. | 1°54 | 0°065 | 0*0075 | 27°0 4249
310 | KX31 | Air - 0°20 | 25°B3 | 2066 | 0°66 1+61 0°031 | 0°012 24°0 409
” # V1| Vacuum'! 0°21 2583 | 20°39 " 0°51 1°59 | 0°065 | 0°005 25°0 41%4
” # 2| Air 0°025 | 23°78 | 20°78 | 0°55 | 1745 | 0°044 | 0012 15°0 30°0 .
4 # V2 | Vacuum | -0°014 | 2517 | 20°69 | 0:56 | :1*58 | . 0°009.] 0013 | 14°0. 28°0
330 | TX 1| Air | 0°19 14°63 | 3515 | 0765 1°51 | 07043 | 0°012 26°0 | 482
” 7 V2| Vacuum | 0°25 15°22 | 34°96'| 0+46 1°57 | 07027 | 0°008 255 431
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KXV2 (Type 310) 1100°’C><1h Ww.Q.
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10% oxalic acid, electrolytic etch, X200
Photo. 1. Microstructure after fatigue test
at 650°C.

tv%wéﬁ@ﬁ,%&%%ﬁ&b@%%é@k%@&
Ezbhb. —JF 800°C Tk TIREREBEOB(LOBR

,%ﬁ&%%km-Pmm-lmﬁ%%®ﬁﬁﬁ%%%b

k%@fiﬂ@%ﬁfﬂ%bv owmﬁ%hé Eive
k;b#méﬁ‘bm@%ﬁkﬁahéf@réwl~

2mm BETH L FERCE IVE Si 0)/*7;74.
Mowgﬁﬁ(ﬁﬂﬂxm u%)kxmfmﬁ&¢

CT 25 4 MEEY 7 HICZERET 5 OBRD BIS.
TS SRERTC 1D TREW L 7o tBR i 0k & U T

T & % DL O B BB BigE LT
Fljz. Photo. 2 KR &R T 650°C,

800°C DWW
FHCEWTH BRI TH 5.

KX-18 (Type 310) 800°C
1100°Cx1h W. Q.
o=17"0 kg/mm?

HX-31 (Type 309) 650°C
1100°Cx1h W. Q. ‘
s=34"4 kg/mm?

)

IV. &

AISI 309, 310 }5;@‘ 330 WOLEA — AT F A4 b
A5 UARMOEL LT 650°C 11 BEHHB AT
ot EERR D C EBRHEL R E N :

1. 800°C iz %\ TIETABREE L7V as 650°C 1T
%bf@~%@ﬁ%ﬁ#f&bmﬁi0%%# A\ iE
REB. |

2. 650°C IR\ TIAIR £ BBk 13 L O & DR
TR A ET 5. C ORAIZERIC S B
S E D s D B ER R LY R CR(La T b g
TEERRT. S

3. 650°C LB WTIE 10 FSRIFREE OISR CV R

AL 2 ) — ZENEAREIC ISIEEE L\ 22 100h THE Y Y

—~ FRWFREE O F 075 D IRV Liens> T ERHEOR

BISHERERREL VS 2 ) - THEBEE KR Sh

%‘-.

4. C, N 650°C FEHMEOUEEICHLLITLRT
H5. Si, Ni $ETEBBREZM L%J@:%@ﬁ%d‘?‘
2B CridiF L AEREELRIR.

5. ZER—{LERS OEZE ﬁ%ﬁ&iﬁﬁ%ﬁ&f'
VRS R T VI BEE R ENIR D bR oT.

6. KEHED 309 3 XU 310 BIHTIXAA(LREHRRE
PR B L EROEKLIT b b DTS RE
AL L 1200°C TEEE 705, EESREIEER
%®iﬁﬂ~ﬁ5@#wﬁ#Mﬂﬁm&ﬁ“%Fﬁ%<
IR CIRRE O ERECEZENS &
DL EEELVHIRERT.

7. 650°C NI X0 TV SRS T
& RTRBERBCIE L Vi DS
B0 O R E L ST LEE
ELRBRDLNS. 800°C ¥ TIE
BEERESRED LN, Fiz 650°C I
X O 800°C DRI TR TEMRE
WCh 5.

8. LR LWEA — 2T F 4
RS L 2D 650°C O HIABE
W HEI O D 3T B O ZCE
F—2FF4 FHDC, NEOBRAKO
SBEHTSERT O R ORI X 53
mmiwmiﬁéﬂé%®f%a

N=5"4%10% N=2"4x103 : -
10% oxalic acid, electrolytlc 10% oxalic acid, electrolytlc (WFJI$H36$ 6 R %ﬁ%)
etch. x200 etch. X200 3 0

Photo.2 Type of fractures caused by fatlgue test at

650°C and 800°C

1) BA&, &R ghesl, 47 (1961)




44 & @ s 4aE (1962) %1’%‘

3, D- 558~560 .

2) B, B, b Bﬁ%%?:&w, 24 (1960) 10
645

3) INCO: Heat Treatment and‘Physical' Pro-
perties of Cr-Ni Stainless Steels (1947), 61

4) ASTM: Spec. Tech. Pub. No. 124 (1952)_

5) B. Cina: J. Iron & Steel Inst. (UK ), 179
(1955), 230

6) E. Evans: Proc. Electr Furn., (1957),93

.7) H. HaserT, R. CavcHEY: Metal Progress 35
(1939), 469

Eﬁ%ﬂ®m%$%ﬁ

Ja 5"3** HR %F***.

Metallurglcal Investigation 1nto Ancient Iron Nalls.

- Synopsis:

Kazuo HOoRIRAWA and Yoshinobu UMEZAWA

Metallurgical 1nvest1gat1on has been carried out on 28 specimens of ancient iron mnails used '

'in the famous old Weoden‘ buﬂpmgs in Japan such as ‘“Kondo”

(sanctuary) of ‘“Horyu-ji”

temple, “Hoodo’’ (main hall) of “Byodo-in’’, three-storied pagoda of “Meitsu-ji’’, five-storied

pagoda of ‘“Daigo-ji”’ and “Haiden” (oratory) of ‘“Otonashi” shrine.

The age when these

specimens were manufactured are -presumed to lie in the years from 607 down to 1800 A.D.

Results obtained are summarized as follows.

(1) In general Mn, S and Cu content in steel is very low and probably these ancient
nails were manufactured from wrought iron which had been produced from sand iron.
(2) There are a few specimens with nearly the same content of Mn and S as those in

.steel used at present.
.1ron )

Presumably ‘they have been produced from iron ore, not from sand

(3) Even in the same specimen, C content is remarkably different depending upon the

position.

Consequently, unevenness in hardness is also noticeable.

From these facts it is

presumed that these specimens were made by forging several: pleces of crude iron which had

contalned respectively different C contents.

(4) The content of alloying elements are extremely shght therein but the content of iron

slag is very high.
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