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Turblne Rotors durmg Heat Indlcatlon Test.

Synopsisi

Hi roshz YOSHIDA

In previous studies of other authors, it has been shown that the so-called A-type deflection
(as classified by Kaplan) observed in steam-turbine rotors during the heat-indication test
(H. Yosuipa, et ib., Vol. 47 (1961), 591~599) is caused by non-uniformity in heat aborbability
of the rotor surface and the heat absorbability is'a function of the degree of roughness of

the‘ machined surface.

Also it has been shown that non-uniformity in the heat absorbability

is'a result of non-uniformity in heat-treatment of the material, which can be shown by

 hardness testing.

In the present investigation, by using an apparatus designed by the anthor, measurements

. of the heat-absorbability of a Cr-Mo-V steel,

a Ni-Mo-V steel and a plain carbon steel

tempered under various conditions were carried out to establish a quantitative relationship
between the heat-absorbability and the tempering conditions.

- The results obtained are as follows:

* ﬂam 36 £ 10 Hz{:AﬁiﬁkA&tf%i ko B zﬁ%ﬁﬁ%'ﬂ%&
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(1) In the same steel, the heat absorbability has a linear relationship to the hardness of
the machined surface: Hard surface shows a low absorbability. ' ‘
(2) Relation between the heat absorbability and the hardness depends on the kind of
steel, and it is found that the carbon steel is the most sensitive to non-uniformity in the
heat absorbability, 'while Cr-Mo-V steel and Ni-Mo-V steel are less sensitive.
(3) The heat absorbability at between room temperature and 380°C depends mainly on
~the surface roughness, while at above 330°C oxide layers make a large effect on the absor-

bability.
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Table 1. Chemical combositipn of test pieces for thermal absorption test (in wt. %)

Chemical composition C Si Mn P l S Ni Cr Mo \'
' T
Cr-M-V steel 0°33 026 0°*50 0*017 | . 0°023 048 0*94- 108 0°28
Ni-Mo-V steel - 0°33 034 0°56 0014 0°021 2°92 006 038 0°15
~ Carbon steel 031 025 - VO'62 0°011 Q,‘Olé 0°01 002 001 o

0*3mmHg LG5, HRAZE O HERLA M
HFTERVOTT VI RRATHEBETES X5l

- 7z.
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ZUE L, 380°C ¥ & SZEE TR S 5 BR{LEZRR 25

BHINC K I REELEZ2 D EERLTVAS.
IV. BYOESBRNICEIETEE

1. MR OEUER & £ O

& — BN E I A R EY © 28BN
¥, FOBOBERINTE OBPINAESRR D Z LiX, &
NETOE FOVENEIC X 5 nEGEHARERRT R 2> D HeE &
5. %z Table | @ Cr-Mo-V §l, Ni-Mo-V3,
REMO 3MEBEICOWT, BRIBERZZEXEYDE,
BRFII 22 2 1Y DER B X, —EOBRMTEFT
focof_bn]:ﬁﬁw BRI 2D TH L Z LI L.

(a) BREELZZEZICRBFELOMTHE

CrMmVﬂﬂNerVﬁ@%ﬁ%ﬁ@ﬂmWCK
”1%%&MFAL D 500°C, 550°C, 600°C,
£50°C,, 700°C OHIREE F OFO 200 (REFEESE
U, BEEMTE 880°C 1€ 1h {EEEmEEANL, 450
©C, 550°C, 600°C, 650°C O4&IHEET 20h (R
2T IR L ORBE TRV, £ OBRIBEOEIC X
LEEL{LE ko T SO R B EMRRT, Cr-
Mo-V §fij, Ni-Mo-V i Tix 450°C~550°C DFERIR
BB 2 BEESE S I BhG. CoBAVT

NOIET LERIRESE <D L, BRAL 0 25 Bk
L, Lo RIbmosg LAS <o @insd s - &n

(a) Cr-Mo-V steel

700°C tempered

" OMTEOEY &,

T 26 # Hmax, 4¢Hmax, RES

IR ABE OB RIRRE & T X A & IR

(b) Ni-Mo-V steel

700°C tempered

%ﬁﬁﬁ,%%ﬁﬁﬁv%nwi T%ﬁ“éhm.
TS OB O—EE D B LRSS A T 1mm
MDD L, CoMlllEESSIC 4'5% V EEERAN -V
NA PTHRF . TON—VE BN oS & LT
EEBSOREOH BT &ML & o7 < Wi, %0 iEE
4*5m/mn, 1 [EOEIHIE 3~5/100mm, GIEHE LT
Yo R ER L. © DA R ORI %
BAMSECIRE L 7D Photo. 1 TH%5. ZOFHEMNLD

LB X5 ICRME CHEY O R IE EMTIC X B

LIS, ILHEIC 5D 584534 <k 5. I Lh
D35 SIETHE, ITEOEY L 5 2 LT
X, ANERMEYEF S-D 5 B THOITE OH Y &l
= Uje. 2R, Cr-Mo-V 4 700°C HEEE LIRER M
500°C DZ X 2°6 p Hmax, 4p
Humax, Ni-Mo-V § 700°C & 500°C iR L DL
WD 650°C & 450
°C MRLOMTE T 2¢Hmax, 42 Hmax &, WT
h%;@%}?@?ﬁf?@%w ?f;b%@#@ﬁmwm%ﬁﬁ@m
Iﬁuaﬁ@rké L7z,

(b) ERRMEZE 2 lfE T OMmTmE

Table 1 IZE0 L7z Cr-Mo-V §i& Ni-Mo-V ﬂ.%]ODZ
% 1000°C 1h {REFFEIREEA L, 650°C DBERIRE
TEHEOFD S, 10, 30, 50, 70, 100h LA L, b
WOBERBEASEY IOk LIS THEL L. CoOlE
ZRER R
HeRERR2320h O
Wi HERITH

OFE EE BT, BYBRERADT B,
ETAH ’%{iﬁ>7&6§{t® Ymi?’umébbh%)

(c) Carbon steel

650°C tempered

500°C- tempered
-Photo. 1.

tempered at different temperatures after oil-quenching.

500°C tempered

550°C tempered » )
Microphotograph of machmed surface of Cr-Mo-V, Ni-Mo-V and carbon steels

X 100 (1/2)
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&R DBISRE F7223, Cr-Mo-V T ia B R A
{5 &, RIAEMOIRIRLA EHITE T D H3E F R
8, AFBEESHThoOBE T 380 bivs. Ll
Ni-Mo-V i Tit 5h fRL7d0E 100h PR 72
b D & DIEBEI RIS T OFBNZREET B 5 53,

BT CRBEMIRE L A E <722 TV 5 D0

HBNB. ChlE Ni-Mo-V §lizss %5 < 650°C Ok
FRIREET, GRS THRILMBHIMET B0 2 F 2 5N
B CNLOMMERET AR E (2) HTRLE
LR 4°5% BEREMAN -4 N TEO—ERE
JNLL, ZOMLEZFMSETHE, By oy
FhbbLERBHOEVEBO b ORE, MTECIT
LUNOETLEENE DL L1, REOBRREE
 RBERHBOBEL E O ABTHS. LihioT
L INLOWTIUOLAOERIC LY, BEAYOLEEND
O BZEATHEENG. CORMEY OMERL R, Cr-

Mo~V o> 10h & 100h - OEER L 72inTH: Lok

PVE 174 Hmax, 282 Hmax, Ni-Mo-V #i0> 5h X
100h OATAE LE TOMY TiE 2¢ Hmax, 42 Hmax

LRI O BV, 2 2 AT OB VR

DOMIEE E, HEi 5 T &R0 DL OB
FAFEE, By, MYy &L TERTHIIE, Table2,
Table 3 D251 CTh 5. '
2. BBY OEPBEIRPIC R X ETHE

(a) BERIRESEBELC S JiE T8

kalio> Table 2 Lo LB, To~—vik
LEZ ZEE & U TEIREEZ EA L, i D 600

°C & Tl BRI & ORI T AR S

P L 7. HERIREES 500°C, 550°C, 600°C ,700°C
L%z, ThBERET 20h RIFEERL, Ak
b% L7 Cr-Mo-V gi& Ni-Mo-V 0 ZHEnah
T &, BB & o ic AT HIREEZEEL

Table 2. Relation between hardness, roughness of machined surface and

" tempering temperature.
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N < R . Roughness
ngnchmg Tempering Hardness Hv 4 Hmax
v 500°C %x20h A.C. 496 2%6
: o Do . 550°C ” 498 2°8
- Cr-Mo-V steel 1000°C X1h 0.Q. ' 600°C v 416 3°0 .
el 650°C 4 341 3°6
700°C 4 251 540
, 500°C X20h A-.C. 406 2°4
’ - 550°C . # : 405 2°2
1 Ni~Mo-V steel 1000°C x1h 0.Q. | 600°C 4 349 317
: E o 650°C K 291 4°0
700°C v ) 223 4°0 o
— , : _ 7 4
450°C x20h A.C. T 282 2°0
e T R 500°C - Z 249 24
Carbon steel 880°C'X1h: 0.Q. 550°C 4 N 221 3°0
o o 600°C 7 , 198 38
- 650°C - 156 4°0
Tabie  3_.“ 'Relation between hardness, roughness of machined surface
’ dnd[tempering time.
a Q\‘ hchi Tem erin Hardness Hv ! Roughness
- Quenching P g _ l ¢ Hmax -
650°C X 5h A.C. . 410 1°4 -
: : 650°C X 10h 7 © 390 14 4
e P 650°C X 30h 7 : 345 18
Cr—Mq—V steel 1000°C-x1h 0.Q. 650°C % 50h P 296 222
e : L 650°C x 70h . 7 305 2°6
. »650‘°_C. X 1OQh 4 298 28
'650°C X 5h A.C. | 327 2°1
R 650°C X 10h - 7 305 120
; L 650°C x-30h - . 287 24 :
NI“MO—V Steel : IOOOOC X1 h O-‘Q- 6500C % 50h V4 ‘ 267 24 {
: : - 650°C X . 70h 4 251 28
650°C X 100h 2 230 40
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Fig. 2. Cbmparision of thermal absorbability
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"~ steel teempered at various temperatures
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Fig. 4. Comparision of thermal absorbability
between machined surface of carbon steel
“tempered at various temperatures and that
of the standard test piece.

/4Rt Fig. 2, Fig. 3 THD, 450°C, 500°C ,550
°C, 600°C, 650°C D&{HET 20h {RFHEZEU DBE
BL &R oemBEMoN— Vi BT &, ZHERR

R L ofT, nEh AT BIREEEREE L 0 H3Fig.

4Th5b. Fig.2~Fig. 4 XDHD X5, OB
PEEECRBR 2T 5 L, WBAREDO ERE
iR E R R L X5 &AM & ORIICIRE
Eh kU, BB D X 0BRSS . IR
Fr VA BB ER - F B 2N — VAL BT o4 B AL
THHDITL BN, BB OT XD 7L O
BIEAEN B 7o L X BIVE. HERA IS 380°C ~
400°C BB &, MEUERBRN SHIEL X5 &3 588
b OEEESARICEES. ChEAEL XS &5
SRR 0D BB IO AR IR LA S, LD
CE ORI BT HDT, BBEBSELRD, X
D % < OBE TR UHEERER A ZEE OIREES LRT 2
T Tds. L LRI ICET IR RE LB
AR INTYEDT, O 380°C ~400°C Blk
OIREC 75oT b AR SRR BEORBIEE X b,
1T LA E— OB S TH 5120, BUERBRA OIRE
EREEESRVOT, BEEPBECHES LT
5. 550°C ETHEENS &, HEL X5 &3 5HMR
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R & 7 U B X OB LSRR

N30T, BEOEAHOZHESEFL LD, BE
2HEET D LRSS LA THIRL D BlEt

B OW A ARICAET 5 380°C ~400°C DIREERT

v¥, Cr-Mo-V. 8, Ni-Mo-V @i, RFM - ThO%E
TLBEIREOEVARA OMIEIZE, PREEORK
WEOEE DRSS, CRIIRTEOILE S X
D HECEEIC B D Th B, WICR UREOERI
EOEREL Bz TH, WEICK ) TOET HHEEN

Basotpmbhsd. Tisbb Cr-Mo-V D 700

°C & 500°C ORERIABEOIITE AT 5 IR EE B

139°C € % DIH LT, Ni-Mo-V $HOELNTIEKI%E

5 . 23°C ThH 5.

(b)) BEREASEIIC S JETRE ,

Wiz Table 3 R LR, LON—viE L
RENE & LT, FEEERER & R WCH RS B 600°C
£ ORI B IR 2% R URIE S TS
7=, Cr-Mo-V sRoBERB%Z 650°C T 5, -10,. 30,

50, 70, 100h {REHEZEE LB O E & R

Bp e & OFEC, hiBhRIcAE T BIREE R IE L7css, HE
RIRE % 2 2 F-RTEORBEE R & RER iR 2R
CoBh, b b B ARILEROZEE LR RERH
DR, ~—ufh ER U4 ML A TE 0 Pl BB &
by, EDERICASCEEES EThAEV. %K, Cr-
Mo-V 4, Ni-Mo-V §V3# £ iR BT OIRFED

380°C ~400°C TX OIREENEH LD, TNDH DN,

ERE b L LOEIARCHEES. Thbb 380°C
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7. Fig. 2~4 OREERICOVT, RBF OB &I
a2 LT, EMERERE L AR & ORCET bR
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Effect of Deformatlon under Metastable: Austemte Condltlon

on Corrosion of 13% Cr Stamless Steel.

Synopsis:

Yuzo Hosor

The corrosion resistance of 13% Cr stainless steel as deformed in the metastable austenite

state prior to martensite transformation was qualitatively compared with that of the same
steel as quenched conventionally. As corrosive environment, 40% HNOj; in boiling. state and
59 H,SO, at room temperature were chosen. ,
It was observed that, compared with undeformed steel, deformed steel at 450°C did not
show a poorer resistance to both acid solutions when steel was austenitized at 950°C or 1000°C.
'However, the corrosion resistance of the steel became worse by deformation at 650°C, S
especially in 5% H,SOs. It seemed that this poorer corrosion resistance by deformation at ’
650°C was due to a heterogeneity of structure induced by the product of accelerated isother-

mal transformation.

Table 1. Chemical composition of steel tested.
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