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Effect of Chemical Composition and Manufacturing Condition

on Overheating in Steel for Low Pressure Turbine Rotor

Masaaki KATSUMATA, Isamu TAKAGI and Haruo KaJi

Synopsis :

For low sulphur steels recently used for a low pressure turbine rotor in order to improve mechanical
properties, it became to a problem for an onset temperature of overheating to shift low temperature with
decrease in sulphur content. Effects of chemical composition and manufacturing conditions on overheating
were investigated in 2.8 ~ 3.5Ni-1.7Cr-0.4Mo-0.1V steels. The lowest onset temperature of overheating
was obtained in a steel with about 0.005% S. The susceptibility to overheating increased with decreasing
the Mn content, but overheating was not observed at heating temperature of 1 350°C by decreasing the sul-
phur content to less than 0.001% even in a low Mn (0.02% ) steel. Cerium addition of 0.024% (Ce/S=4)
prevented overheating. Lowering the heating temperatures and/or the finishing deformation temperatures
reduced overheating. Overheating was observed at cooling rate widely ranging from 0.5 to 300°C/min,
especially remarkable overheating occured at cooling rate of 2 to 170°C/min. It appears that overheating
relates to the increase in the volume fraction of MnS precipitated on unite area of intergranular facet (V)
.and that decreases in sulphur and/or Mn contents and rises in heating temperature and/or deformation
temperature resulted in coarsening austenite grain and consequently increasing V.

Key words : overheating; low pressure turbine rotor steel; S content; Mn content; Ce content; heating
temperature ; deformation condition ; cooling rate ; re-austenitizing.
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Table 1. Chemical composition of steels used (mass % ).

Steel C Si Mn P S Ni Cr Mo v Ce
N 0.25 0.08 0.35 0.006 0.005 2.84 1.54 0.36 0.10 —
S1 0.24 0.08 0.36 0.006 0.007 2.83 1.55 0.36 0.10 —
S2 0.25 0.07 0.36 0.006 0.010 2.83 1.56 0.36 0.10 —
S3 0.23 0.09 0.35 0.006 0.014 2.85 1.64 0.36 0.10 —

HHH 0.25 0.05 0.31 0.011 0.015 3.56 1.78 0.42 0.11 —

HLH 0.25 0.08 0.29 <0.001 0.0008 3.49 1.74 0.40 0.10 —

HLL 0.30 0.01 0.30 <0.001 0.0014 3.43 1.77 0.40 0.10 —

MHH 0.24 0.05 0.15 0.010 0.012 3.51 1.74 0.41 0.10 —

MLH 0.29 0.06 0.16 <0.001 0.0005 3.53 1.76 0.41 0.11 —

LHH 0.26 0.05 0.02 0.010 0.010 3.52 1.76 0.41 0.11 —

LLH 0.24 0.05 0.02 <(.001 0.0005 3.53 1.75 0.41 0.11 —

LLL 0.26 0.01 0.03 <0.001 0.0006 3.50 1.76 0.41 0.10 —
Cl 0.22 0.10 0.36 0.005 0.006 2.78 1.53 0.36 0.10 0.007
c2 0.23 0.08 0.35 0.007 0.006 2.46 1.56 0.36 0.10 0.024
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Table 2. Effect of Ce content on onset tempera-
ture of overheating.

Steel Ce (mass %)  Onset temperature of overheating (°C)
S1 0 1175
Cl 0.007 1225
C2 0.024 1375
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Table 3. Effect of cyclic number of reheating to
850°C on upper shelf energy in Steel N.

vEs (kgf-m)
Cyelic number
Non overheated Overheated
0 22.5 7.4
1 23.0 10.0
2 22.7 11.7
3 23.0 13.7
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Table 4. Effect of tempering condition before re-
heating to 850°C on upper shelf energy in steel N.

vEs (kgf-m)

Tempering condition
Non overheated Overheated
Non 23.0 10.0
650°C-5 h 23.2 10.5
670°C-20 h 24.4 14.3
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B, Vel FhFh 1.79X107° mm®/mm?, 9.95X
10" mm®/mm? & %20, M S1 ©» Vs 38 S3 » 1.8 1%
L% h. UEoFtERERE L, B LI, SEDE
Ltk s Vs Zkix Vy o b Tcid i (, yRETE
bbb Sy OBk EEEZ TS, KSILick#
B p R DR 2 HERO—2 i, K SALICX
Dy DRRBENZLTS MnS KT ORI DR 257
B YRENKEL DY, Ve b720E2L
b,

Fig. 7 2BV TRLAZL I, Mn 2OETICE DA
B bAsRE 2 D R 3 { 2o 72, 1250°C (n#kik 950°C
CRFLABAD Vy 28 EICIDRDB L, SED
0.014% & LC, Mn E#%%0.32%, 0.18%, 0.02% &
BAy+ae, (1) XH»5KE5 1250°CIBI1TAH SD
ERESHINT A7, MnS 213 1.73X107* mm>/mm?3,
3.15X 10”4 mm3/mm?3, 4.30X10"* mm%/mm? & ¥ m 3
5., ZOBO yREES (Sy) dEhz£h 1.5(10.8
mm%/mm?3), 0(6.42 mm?*/mm®), —1.5(3.81 mm®/mm?®)
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THYH, Vgix 1.60X10 " °mm®/mm?, 4.91X10"°
mm®/mm?, 1.13X10 *mm®/mm? & % 5. Mn B Z1E#K
LBE R MaS E0imeE yolM KX bLIcK % Sy
DA OWE DRI L) Vs 58I+ 5 2 & A5FHl &
has.

¥/, Mn EICEST SEA0.001% UTFichsbE
BEPBALEIBOTRI DI B EDBbd 7. S
B450.001% LAFI27% 5 &, 1350°C fn#k, 950°C fi+F
I2BWT, Vgid Mn &4%0.30%, 0.15%, 0.02% O
L&, yhEBSF-2LLT, FAFN 1.45X107°
mm®/mm?, 1.25X107% mm%/mm?, 4.58X10" % mm®/mm?
DFe%sd. ZoOEGARBIEVECIISVEGTHS
0.32% Mn-0.014% S #f % 1250°C hn#k, 950°C 4#4F L
7D MnS 2 THh A 1.60X10 " mm®/mm? &L n 4%
<, BRBILVGELIZS BB EDDDS.

Table 2 (TR L2 & 512, Ce dINIC & b @EM{bHs
BEashs, P CHERINDE Ce DL % CeyS;s
ETBHE, Ce TE&SYBETHICIEERNIZIESE
D 3FED Ce HULEE D, KEERTIE Ce/S 4% 4.0
TRAMAEABIL SN TED, SiF Ce 2L DIiFIFRS
WKEEShTwBEEZLNE. —7, 0.007% Ce iR
A CiE SED 1/3 12 Ce & 2/3 13 Mn EREUD L EH
Bernh, 0.004% S M EEPOKRLEE I ET S EF
Wansb, 8 ClLix SI L0 BRIBILD &R
50°C LR U7, BMERE»S 1200°C MR DIFED
Vy 2583 5&, S Cl TMnS &£ %5 TWAhS P
0.004% & LT 8.95X10"° mm®/mm®, % S1 < 9.35X
107 mm®/mm® E3 LA EZbLLL W, LaL, 6 Cl
D 1200°C I2BTAH yHEFZL46FTHYE S1 0
2.2 T~/ E L, Vs 48 ClL T 2.83X107°
mm®/mm?, 8 S1 T 6.78X 10" S mm®/mm? & 1/2.5
WREAT S, oo, § Cl 0B A RIRE )
ERULAZEZEZONS.

BEMBEALD Ce IMIC L ZEBMORRICE L T
GLESHY® X hWHfgeshTH D, oD Ce/S 253 LL
ECHEAL B &, Ce/S 4% 1.8 O FERM T3 b
BOONLEHRELTB), FHELOF/RE LKL
TWah.

5 #
BIE ¥ — ¥ v u— % — Mo 8t i3 insk.

BSR- GHEG, O TTER BSOS & A
L7-#E%R, TROEEFHL M E % 5 /2.

(1)@ ET S & vEs DT & MR RaE
ROEMIBE SN, MEORICIIERBR? D %.
(2)MBIREOET, BEEEOKT, HHEED
2°C/min LF~DET & % i3 170°C/min LL E~ o 14
iz & 0 @M LR T 5.

(3 )BSREOFT LEEst, MEBMBEOBE L, FHrit
WBBRTOBED & LA X Y, BB ETEES 5.
(4)SE%# 0.015% L Ed BV iz 0.000% LT
T 5, Ce % S BDAERINT S LB
T&%. $7:, Mn EO¥INLBEMLE W T 5.
(5)BAKFED 7 ISHT T 5 MnS & (Vy) & HAE
TR T 2 Y HFREE (Sy) o3 E % HATk R
I35 MnS £ (Vs) o, @& bE
BHT&5%. SEBOMINICXABHBILOIHIE S, b
Mmck s Vs oA, S BOBAIC X 5 EEEIL DI
Ve ORBAICES Vs DBAPEREEZONS.
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