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SPE@ FI CATI ON STEAM TURBI NE DI FFERENT MATERI AL VELDED ROTOR 5 BACKGRAURY
OF THE INVENTION: Field of the Invention: The present invention rel ates
generally to a steamturbine different material welded rotor and nore
specifically to that having different materials of a high tenperature 10
portion and a | ow tenperature portion jointed together by welding with an
I ncreased joint strength as well as facili- tating inspection of defect in
the rotor. Description of the Prior Art: In a recent steamturbine rotor,
following a tendency 15  of high tenperature of steam a 12% chrom um
steel is used as it is excellent |§§é511 ?gb difperature strength and

t oughness. In such a rotor, both for | tenperature portion exposed to
a high tenperature steamand a Iom/tenperature portion exposed to a | ow
tenperature steam the same 12% chrom um steel 20 I's used but as the

rotor becomes | ar g medriRBINGE PUFHAENT MATERIAEGERLDED ddforul t to
manuf acture the rotor so as to- satisfy characteristics both of the high

tenperature portion and the | ow tenperature portion with sanme one materi al
Also, it is practiced to use the 12% chrom um steel for manufacture 25  of
the rotbr p@AIREGRQUND tQF (FHE ANVENEIONY steel for sl eeves around the
rotor, couplings and the like. Wiile the 12% chrom um steel, which is an
expensive . Field of. the Invention: o |
The present inventioﬁ relates generally to a steam
turbine different material welded rotor and more specifically
to that having different materials of a high temperaturell*
10 portion and a low temperature portion jointed together by
welding with an increased joint strength as well as facili-
tating inspection of defect in the rotor.
Description of the Prior Art:
In a recent steam turbine rotor, following a tendency
15 of high temperature of steam, a 12% chromium steel is used as
it is excellent in the high temperature strength and toughness.
In such a rotor, both for a high température portion exposed
to a high temperatufe steam and a low temperature portion
exposed to a low temperature steam , the same 12% chromium steel
20  is used but as the rotor becomes large-sized in recent years,
it is becoming difficult to manufacture the rotor so as to -
satisfy characteristics both of the high temperature portion
and the low temperature portion with same one material. Also,

it is practiced to use the 12% chromium steel for manufacture

25 of the rotor portion and to use a low alloy steel for sleeves
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material, satisfies heat resistance, creep characteristic, etc. of the
portion exposed to the high tenperature steam it is not 5 necessary to
use such an expensive material for the | ow tenperature portion but rather
toughness is required therefor and a | ow tenperature material may wel |l
respond thereto. In order to neet these problens, as showmn in Fig. 7 for
exanple, it is attenpted to joint rotor portions of different materials 10
together by welding to nake a single rotor. In Fig. 7, nuneral 31
designates a turbine rotor of the 12% chrom um steel to be applied to the

hi gh tenper af5end ¥ id Fot HHITEEG ffn?&séﬂ&‘aéﬁé Pik&l bine rotor of a low
alloy steel to be applied to the ?OW/ enperature portion, said | ow 15

al oy steel being an @hligw sheel2$ oMot il HE WHidP IS0 dandfperanadi um
ni ckel , etc. Nuneral 33 designates a clad portion, which is made of a 9Cr

steel and | myprewialedsttiafiescthedt tiegis3dnek ,deeépicharadteirdistik, duaer al
35 designates a groove, which is forned between the clad portion 33 and the
20  turbi neof dher p@2tionkexpased o thegdiiyh temperiadure steam, et dsabal 36
to constitute a single rotor. As described above, the steam turbine rotor,
ext endi Pg f meresEARY ¢ tesPesuthiran pexpenhive natkerlbal t Eopetheulew
portion., conprises a portion exposed to a high 25 tenperature high
pressure st &ERRGRHIER POLdion pyscrather tayighness is spaeizedr thesefor

pressure steam This steam turbine rotqr _has
and a low temperature material may well respond thereto. 1In

order to meet these problems, as shown in Fig. 7 for example,
it is attempfed to joint rotor portions of different materié]::
10 together by welding to make a single rotor.

In Fig. 7, numeral 31 designates a turbine rotor of
the 12% chromium steel to be applied to the high temperature
portion, numeral 32 designates a ;urbine rotor of a low alloy
steel to be applied to thé low temperature portion, said low

15 alloy steel being an alloy steel containing thdmium,
molybdenum, vanadium, nickel, etc. Numeral 33 designates a
c;ad portion, which is made of a 9Cr steel and is provided to
an end portion 34 of the turbine rotor 31. Numeral 35 designates
a groove, which is formed between the clad portion 33-and the

20 turbine rotor 32 to be jointed together by weldiﬁg via a weld
metal 36 to constitute a single rotor.

As described above, the steam turbine rotor,
extending from the high temperature portion to.the low
temperature portion, comprises a portion exposed to a high

. 25, temperature high pressure steam and a portion exposed to a low



so far been nade in one unit by a single material of the 12% chrom um st eel
but "the 12% chrom um steel is expensive and for this reason, attenpt is
bei ng done to joint the rotor portions 5 of different materials to nmake
one rotor, as shown in Fig. 7. But, in such a steamturbine rotor in the
prior art as having different materials jointed together, there is a
problemthat a weld strength.differs according to position in the joint
portion and noreover, there is paid no attention to a rotor 10 structure
to enable a sufficient post-weld inspection of defect.: SUWARY OF THE

ON: ' f th o] ' [ her ef or.e, it

VENT O of o At G BRERRH=R, ey b e b SRS Frar ot
m”ﬁ.te“ al el &3 %eexf%%te{ Y6 ehePplig! Bg' Qgs%&igrﬁ%eﬁéfrbf"é e' {23

i ch shape of thée joint portion I's devised, we structure i's enployed so

as to incr ea'%gbﬁn{ﬁﬂﬂ%e%fl big 10 A %%h%ﬁ'uﬁ\@t%@i As %:ertéi?xtg‘ni% LAQ"BGE SO

20 as to enal a sufficient Inspection of the joint pol In order to
attain said Qﬁiﬁ?treafs%‘,péﬁﬁéﬁbt' 1y %ﬂr&ndehevté%:ﬂcrﬁi P E’gtﬂﬁaﬁ@r@ioﬁé)
to (3) below (1) A steamturbine different material welded rotor :
construcsed yf idalffereiityndeeriale 8ohngke tei@efctidy £ A ishiowmd 2 Fighd7 a

| ow tenperature portion and made of different materials -3- bei ng

j oi nted togetdher, by wakli agstedmractieine esbtior tinatthe prior art as having

different materials jointed together, there is a problem that

a weld strength differs according to position in the joint

portion and moreover, there is paid no attention to a rotor
10 structure to enable a sufficient post-weld inspection of

defect.

SUMMARY OF THE INVENTION:
In view of the probiem in the prior art, therefore,
15 it'is an object of the present invention to providé a steam
turbine different material welded rotor, constructed by -
jointing different materials, in which shape of the joint
portion is devised, weld structure is employed so as to increase
strength of the joint portion and rotor structure is made so
20 as to enable a sufficient inspection of the joint portion.
In order to attain said object, the ‘presenf inventibﬁ -
provides following means of (1) to (3) below:
(1) A steam turbine different material welded rotor
constructed by rotors divided into a high temperature portion

25 and a low temperature portion and made of different materials



circular recess portion is provided in a central portion of end face to be
jointed of each of said rotors, an annular end face of a peripheral portion
of said end face is jointed by welding 5 to an annul ar end face of

adj acent one of said rotors so that a cavity portion is fornmed in the
central portion of said end faces so jointed and an inspection hole is
provi ded passing through froma.rotor outer surface to said cavity portion.
(2) A steamturbine different material welded rotor 10 as nentioned in
(1).above, characterized in that said steamturbine different materi al

wel ded r ot %ei}?lgcgaahreéat TRt B A1WiHR] IHal ol tRRAlAdA MPHHAN 2 2

hi gh t enperat ortion an nperatdre portion and made o

di fferent naheclhalay PeLESs ML’ aggﬁ&'ﬁdé&/ i‘f@hd‘ié&ﬁ;ralﬁgo_rtion of end 3) A
steamturbine different material welded rotor as nmentioned in (1) or (2)

above, char ggker téese i Jbiltadd dFek@chSoPrenidedtd iy, 0haChhAil per énd@Eadd ch
projects inwardly toward a central portion of said cavity portion along a

central por bifoa périphérak portricmber saldadnd fidae dsofjointednbedveldatingn of
said 20 annul ar end faces. In the invention of (1) above, the rotors are
di vi dedb i nt tot ke Anghlaeneed afage qfbedjaceartd onkeofosaidmpetarsirso gurat on,
for exanple the high tenperature portion of the internediate position and
the | ow tenpecavity¥ portion 33 fqmtedsn thedcentrad porbionae saidjendt ed
together by welding to form-4- . . ) ) ",
faces so jointed and an inspection hole is provided passing
through from a rotor outer surface to said cavity portion.
(2) A steam turbine different material welded rotor
10 as mentioned in (1) above, characterized in that said steam
turbine different material welded rotor is constructed by
rotors divided into a bearing portion, a high temperature
portion and a low temperature portion and made of different
materials being jointed together by welding.
15 (3) A steam turbine different material welded rotor
as mentioned in (1) or (2) above, characterized in that there
is provided a projection portion which projects inwardly toward
a central portion of said cavity portion along a central portion
of an inner circumferential surfaée of a jointed portion of said
20 annular end faces.
In the invention of (1) above, the rotors are divided
into the high temperature portion and the low temperature
portion, for example the high temperature portion of the

intermediate position and the low temperature portion of each

25 end of the rotor, and are jointed together by welding to form



a single rotor. Also, in the invention of (2) above, the rotors are divided
into the bearing portion of each end of the rotor, the high tenperature
portion and the | ow tenperature portion and are jointed together by wel ding
to forma single rotor. 5 In such a steam turbine different
neterial welded rotor, there is forned the cavity portion in each of the
wel d portions and the inspection hole is provided passing through fromthe
rotor outer surface to the cavity portion. Hence, by the inspection hole, a
fiberscope for exanple is inserted into 10 the cavity portion and the

sur roundi ngssbnglﬁe:qmm-eoh}mnunpbhe|vaaran.dmofn(s:p)9caWe | bhehsotoreent i on
of (3) above, there is provided the projection portion which projects
inwardly t éﬁ&r@l’t’héeéehlﬁ‘altfm)bﬁa@'nnﬁ pontionvof yequr endnodl tig tdtwment r al
portion of g inner circunferential surface of the jointed portion or
along the & ﬁtpég pbPRPERAsHIEhROEL tenndRd che alowp dranprrat ure thwrtcion ty
portion. the tensile stress at the weld portion is dispersed nore in

t he i nner BB&t RSR JRARERT TRaethes: bﬁoP”Fﬂ@ﬁ-nlgntPnéqIH‘t & Siggle xataxotion

due tq. the proj ectl rtion to vvea d and breakage at_the inner
porti E)Bn of the weld p%r€ T %Iuset??}“ﬁ\‘é?q?‘ﬂﬂ erenh %tﬁ%gin‘t’%%lde dwher e

R di L i
2 1 ongth oF TRy SRERE L ol 358 émt”oeoaiﬁﬁﬁlﬁhﬁcé%f?ﬁ SRS L oot
reduction gbegbnyl hhdbﬁhaaﬁl?bééﬁiléﬂ Rol @GP P idila RIS AL 1 han

2 and smalTer than 3 (2<L/R
from the rotor outer surface to the cavity portion. Hence, by

the inspectibn hole, a fiberscope for example is inserted intd
10 the cavity portion and the surroundings of fhe welded joint
portion can be inspected.

In the invention of (3) above, there is provided the
projection portion which projects inwardly.toward the central
portion of the cavity portion along the central portion of the

15 inner circumferential surface of the jointed portion or along
the central portion of the circumferential pefiphery of the
cavity portion. -Hencé, the tensile stress at the weld portion
is dispersed more in the inner portion than in the outer portion
in the rotor radial direction due to the projection portion to

20 be weakened and breakage at the inner portion of the weld
portion due to fhermal stress can be prevented. Where R is a
radius of the curved.surface forming the projection portion and
L is a length of the tip surface of the projection portions after
jointed, stress reduction effect will be maximized in a range

25 of L/R being larger than 2 and smaller than 3 (2<L/R<3).



BRI EF DESCRI PTION OF THE DRAWNGS: Fig. 1 is a cross sectional view of a
steamturbine different material welded rotor of a first enbodi nent
according to the present invention. 5 Fig. 2.is a cross
sectional view showi ng weld structures of weld portions A, B, Cof Fig 1,
wherein Fig. 2(a) is of the weld portion A, Fig. 2(b) is of the weld
portion B and Fig. 2(c) is of the weld portion C. Fig. 3 is a partially

enl arged cross sectional view 10 of Fig. 1, wherein Fig. 3(a). is that of
X portion covering the weld portions B, C and Fig. 3fb) is a further

enl arged CHRSS%FS $Fd _Tfﬂbﬁ%ﬁ&l@%%ﬁd&ar“on Bof Fig. 3(a). Fig. 4is

a view show ng stress distribution in e weld portion B. 15

Fig. 5 is a cross sepjyonpljyifewreksasabeabnhr ¢ibg d€fesesim Bigsime
wel ded rotor of a second enbodi nent according to the present invention.

Fig. 6 is qifFFeredt Matelaslefbldedsotos dOadirgtevmnbbdEnentacohigidq Fig.
6(a) is that of the weld portion B and 20 Fig. 6(b) is a further enlarged

cross sect itonahevipresenta invient ijpar.t i on of the weld portion B. Fig. 7 is a
partial cross sectional view of a steamturbine rotor in the prior art in
whi ch 3li fferent nateFigls2aie §otndvesl segeiomal PHewbshowing weld
structures of weld portions A, B, C of Fig. 1, wherein Fig. 2(a)
is of the weld portion A2, Fig. 2(b) is of thé weld portion B
and Fig. é(c) is of the weld portion C.
Fig. 3 is a partially enlarged cross sectional viéﬁf

10 of Fig. 1, wherein Fig. 3(a).is that of X_portion covering the
weld portions B, C and Fig. 3(b) is a further enlarged cross
sectional view of tﬁe weld portion B of Fig. 3(a).

Fig. 4 is a view showing stress distribution in the
weld portidn B.

15 Fig. 5 is a cross sectional view of a steam turbine
different material welded rotor of a second embodiment
accbrding to the present invention.

Fig. 6 is a.partially enlarged cross sectional view
of Fig. 5, wherein Fig. 6(a) is that of the weld portion B and

20 Fig. 6(b) is a further enlarged cross sectional view of a joint

'-portion of the wéld bortion B.- | |
Fig. 7 is a partial cross sectional view of a steam
turbine rotor in the prior art in which different materials are

jointed together.

25



DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS: Her ebel ow, description will be
made concretely on enbodi nents according to the present invention with
reference to figures. Fig. 1 is a cross sectional view of a steamturbine 5
different material welded rotor of a first enbodi nent according to the
present invention. In Fig. 1, nuneral 1 designates a bearing portion rotor,
nunmeral 2 designates a high tenperature portion rotor, nuneral 3 deésignates
a low tenperature portion rotor and nuneral 4 designates a bearing portion
rotor on a low 10 tenperature side. The bearing portion rotor 1 and the

hi gh tenper aiggErRPPIiORNOF OFRE PREFERRMS! AMBOHIMARTS: the high tenperature
portion rotor 2 and the | ow tenperature portion rotor 3 at a weld portion B

and the | ow tenperat uHerebelion) delseriptdivh kWid1berd maEie) Wdncredeldiylord at
a weld portion C, 15 respectively, are jointed together by welding so as

to constit utembodimeghes SHampdingitvethet presdive e tigpmpariithoneference,
being in a low tenperature portion, is made of a 2 1/4 Cr MoV (chrom um

mol ybdenum vemddigunesst eéilg. Thisd ghrosenpectiomal porew of 2&teamturbine
bei ng exposed to a high tenperature steamto be in the thermally severest
portion? is defiterent mprerisdoeeldpd gotior ekeefivat enbadimentyacaesding

resi stance and strength. The | ow tenperature portion rotor 3, while being
|i kewi se expdddil® PLISeH; HWeHilont edR Fddof la BYREERt LvEPFLOBAtEPedsUr e

| ow 2 tenperature one as_c ared with the one in the high tenperature
_(7)_ 5 ear:t.ng por eJ.on ro gB, numeral 2 gesggnates a?ughgtempe ature

portion rotor, numeral 3 designates a low temperature portion

=3

rotor and numeral 4 designates a bearing portion rotor on a low

10 temperature side. The bearing portion rotor 1 and the high
temperature portion rotor 2 at a weld portion A, the high
temperature portion rotor 2 and the low temperature portion
rotor 3 at a weld portion B and the low témperature portion rotor
3 and the bearing portion rotor 4 at a weld portion C,

15 respectively, are jointed together by welding so as to
constitute a single steam turbine rotor.

The bearing portion rotor 1, being in a low
temperature portion, is made of a 2-1/4 CrMoV (chromium-
molybdenum-vanadium) steel. The high temperature portion

20 rotor 2, being exposed to a high temperature steam to be in the
. thermally severest portion, is made of a 12Cr steel which is
excellent in the high heat resistance and strength. The low
temperature portion rotor 3, while being likewise exposed to
steam, as this steam is of a comparatively low pressure low

25 temperature one as compared with the one in the high temperature



portion rotor 2, is made of a 3 1/2 N Cr MV (nickel-chrom um

nol ybdenum vanadi un) steel and the bearing portion rotor 4 is al so made of
the sane material as this. The weld portions B, C which relate to the
rotors 2, 5 3 exposed to the high tenperature steam and the | ow
tenperature steam respectively, are inportant portions as turbine noving
bl ades are fitted therearound, and are so structured that there are

provi ded cavity portions 5, 6 to enable inspection of the surroundings of
the weld portions B, C as described later. It 10 is to be noted that in

the wel d por% A0 éh "E{Bt’:cprl el 3LE5a 48 (Bf'ea %ear/'znﬂJ.EQgijpﬂn.ﬁEF%yeﬂﬂ':omiu

t enperature portion bér SCope or ser Into a xrqol | ow

portion 10 fid1 JKSeeh | Ponad itk Eé J.eanw?l Eﬁesﬁ’é’&ihﬁmé‘r? BN gHch a

structure as the weld portions , heedless to such of the

15 Struct WEseByade @fmémeyaﬁ@rmat@rm hPOERi®N A as the case may be.
Fig. 2 is a cross sectional view showing weld structures of the weld

portions A B, C of Firfe deldhpsetions B, 2(vhith Bélibe velthepebitbes 2,

Fig. 2(b) is of the weld portion 20 B and Fig. 2(c) is of the weld
portion3C. 3 expoged’ta)the hdghi tempenpeure steamoahddrhe door t@mpsratdeeof a
hi gh heat resistant material of the 12Cr steel and is provided with a

sof t eni ng preieami gespeefively, arel dmppotanbrpdiX ins agOtugbdok. mavigng
bearing portion_rotor 1 i's nade of the 2 1/4 CrMV steel 25 ~and there is
wor ked a gr ddkadessaget fikkhed fheg@anawdyorid @re so structured that there

are provided cavity portions 5, 6 to enable inspection of the
surroundings- of the weld portions B, C, as described later. It:
10 is to be noted that in the weld portion A which relates to the
bearing portion in a low temperature portion, a fiberscope or
the like may be inserted into a hollow portion 10 for inspection,
hence there is no specific need to employ such a structure as
the weld portions B, C but, needless to mention, such of the
15 structure may be émployed for the weld portion A, as the case.
may be.
Fig. 2 is a cross sectional view showing weld-
structures of the weld'portions A, B, C of Fig. 1, wherein Fig.
2(a)l is of the weld portion A, Fig. 2(b) is of the weld portion
20 B and Fig. 2(c) is of the weld portion C. 1In Fig. 2(a), the
| .high temperatu‘ré portion rotor 2 is-made of a ‘high heat
resistant material of the 12Cr steel and is provided with a
softening prevention measure by a élad portion 12 of a 9Cr steel.
The bearing portion rotor 1 is made of the 2-1/4 CrMoV steel

25 and there is worked a groove 13 between the bearing portion



-8 rotor 1 and the clad portion 12 so that welding is applied there by a
weld nmetal 11. In Fig. 2(b), the high tenperature portion rotor 2 is nade
of" the 12Cr steel, a projection portion 22 is formed 5 to project
inwardly toward a central portion of the cavity portion 5 and a cl ad
portion 14 made of the 9Cr steel is provided, like in the weld portion A of
Fig. 2(a). The | ow tenperature portion rotor 3.is made of the 3-1/2 N Cr MoV
steel and is likewise formed with a projection portion 23 and there is
worked 10 a groove 15 between itself and the clad portion 14 so that

1178 L B0 BTl P e e

wel ding of a a corner portron w tenperature

portion rot o35S Rak, cks .caused by repeated heating may be prevented.
15 by anﬁlﬁ'g. 5?%? the | ow tenperature portion rotor 3 is nade of

the 3 1/2 N Cr MoV steein aiy] 9 (1 McheViniy tinpatitire Podtwh btor 2
projecting into the cavity portion 6, and the bearing portion rotor 4 is

made of the sanmadat 6fi Bheanzct sstedkBp & pifojertion tgort jumj I tisorfqmed on
25. There is worked a groove 20 18 between the | ow tenperature portion
rotor 3 smnd tbeplegeicty inwapdlyi cowaation 4¢endriaiapontlidngfi Thepwawidyt here
by a weld netal 19. Also, as a counternmeasure for cracks caused by repeated
heating, wel gomyion 3 had2a tlad@ant ordid nadewdl the 3Cx sbeal der REPVEERL: ons
20, 21 of the |low tenperature portion rotor 3 )
like in the weld portion A of Fig. 2(a). The low temperature
portion rotor 3.is made of the 3-1/2 NiCrMoV steel and is
likewise forined with a projection portion 23 and there is worked

10 a groove 15 between itself and the clad portion 14 so that
welding is applied there by a weld metal 16. Also, there is
applied a welding of a 2-1/4 CrMo Steel to a corner portion 17
of the low temperature portion rotor 3 so that cracks caused
by repeated heating may be prevented.

15 In Fig. 2(c), the low temperature portion rotor 3 is
made of the 3:1/2 NiCrMoV steel and is formed with a projection
portion 24 projecting into the cavity portion 6, and the bearing

.portion rotor 4 is made of the same material and is likewise
formed with a projection portion 25. There is worked a groove

20 18 between the low temperature portion rotor 3 and the bearing
portion rotbr 4 so that welding is applied there by a weld metal
19. Also, as a countermeasure for cracks caused by repeated
heating, welding of the 2-1/4 CrMo steel is applied to both

corner portions 20, 21 of the low temperature portion rotor 3

25 and the bearing portion rotor 4.



25 and the bearing portion rotor 4. -9-  Fig. 3 is a partially enlarged
cross sectional view of Fig. 1, wherein Fig. 3(a) is that of X portion
covering the weld portions B, Cand Fig. 3(b) is a further enlarged cross
sectional view of the weld portion B of Fig. 3(a). In Fig. 3, 5 there are
provided circular recess portions 26, 27 in central portions of respective
rotor end faces to be jointed in the weld portions B, C, respectively, so
that the cavity portions 5, 6 are forned by a right and I eft pair of the
recess portions 26, 27 in the respective welded joint portions. Also, there
are- 10 provided insyecd i hphetidlly eALar§ed! 8r658NsédOIdRLL GFidpt er
circunferential surface to the respective cavity portions 5, 6. In Fig.
3(b), if codfpRigsoh, ivhemwstn Figredipal his ilgHt toeshMepattion posveoing g 2
and the | ow tenperature portion 15 rotor 3, the high tenperature portion
rotor 2 whiweld powkdenst Byh€ andrFigeed (hpsis anfitEher herlvatgek parsson
coefficient, hence the |ow tenperature portion rotor 3 expands and
contracts §@FElenalTHiew efcthe siedst porthoneB70f & g ovdi(dad t Bnpabs. t3w ough
to the cavity portion 5 in the high tenperature portion 20 rotor 2 side

whi ch 3 s ofthPke axrg PEPViAed @ir FiesesEo PrLtdionst 260 220k wentasl
thermal influence. The inspection hole i rovi ded agj oi ni the wel d
portion i nPEASIHRECRT SERSEL Y6 TP °5I%@Fgﬁﬁﬁc¥§gﬁh}¢%¥e‘£gqﬁge&fsléi may
be, al ong bgﬁ‘trighgrB, C, respectively, so that the cavity portions 5, 6 _
are formed by a right and left pair of the recess portions 26,
27 in the reépective welded joint portions. Also, there az':é-:'
10 provided inspection holes 7, 8 passing through from rotor outer
circumferential surface to the respective cavity portions
5, 6.
In Fig. 3(b), if comparison is made between the high
temperature portion rotor 2 and the low temperature por.t'ion'
15 rotor _3,_ the high temperature portion rotor 2 which is made of
the 12Cr steel has a smaller thermal expansion coefficient,
hence thel low temperature portion rotor 3 expands and contracts
quicker. Thus, the inspection hole 7 is provided to péss
through to the cavity portion 5 in the high temperature portion
20 rotor 2 side which is of the smaller thermal expansion
coefficient to receive less thermal influence. The inspection
hole is provided adjoining the weld portion in one piece of hole,
or in plural pieces thereof as the case may be, along the rotor

outer circumference.

25 Also, the inspection hole 7 is usually closed by a

- 10 -



outer circunference. 25 Al so, the inspection hole 7 is usually
closed by a - 10 _ plug 9 and when inspection is to be done, the plug 9
is removed and a fiberscope or the like is inserted into the cavity portion
5 through the inspection hole 7 for inspection of the surroundings of the
weld portion B. If the plug 9 is fitted 5 I n engagenent via thread or the
like wiwth inlet portion of the inspection hole 7, fitting .and renovi ng of
the plug 9 will be facilitated. Also, in the weld portion C, while the | ow
tenperature portion rotor 3 and the bearing portion rotor 4 are of the sane
material, t ' | h ' rQY i [ 1 ' £ re
ide 11 ke | PEVHE oo vREn Pho gt o R koCfel dbrfe ! Ehe PLASCY A Tehioted

di stributiogndm Emsembage%f el Biké AsFifsefted it 8he doFiBE poi@ion
projection portions 22, 23 on the cavity portion 5 side of the joint
portion of §hehbhbaght eReeiatpeetpont hobher ot gor2insgethtohowsft etperature 15
portion rotor 3 and the joint portion of the weld portion B receives ensile
stress F dusutpothéings efpthsiwsld \fotteidhiB. stTtheagting indar fjitited he
right and left direction in the figure in the vicinity of a weld portion
Bl, it 5 s dismngagenert twia tbrpad) ecttihm lidke witd drleRportior of theity
of a weld 20 portion B2 to beconme weaker than in the weld portion Blerr],
hence crackingpgskdopyhehe 1erfbittdng padsremoying afpbhei B[ Millche be

revented. Ln Fig. 4, where Ris a radius:of curved surface
P facgigtated. Also, in the weld portion C, whgle the low

temperature portion rotor 3 and the bearing portion rotor 4 are
of the same material, the inspection hoie 8 is provided ihi;
10 higher temperature side like in the weld portion B.

Fig. 4.is a view showing stress distribution in the
weld portion B. 1In Fig. 4, there are formed the projection
portions 22, 23 on the cavity portion 5 side of the joint portion
of the high temperature portion rotor-2 and the low temperature

15 portion rotor 3 and the joint portion of the weld portion B
receives ensile stress F due to thermal expansion. While this
stress acés,;inearly in the right and left direction in the
figure in the vicinity of a weld portion B,, it is dispersed
due to the projection portions 22, 23 in the {ricinity of a weld

20 portion B, to become weaker than in the weld portion B,, hence
cracks caused by the tensile stress at a weld portion B, can
be prevented. In Fig. 4, where R is a radius of curved surface
forming the projection portions 22, 23 and L is a length of tip
surfaces both of the projection portions 22, 23, stress

25 reduction effect will be maximized in a range of L/R being
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formng the projection portions 22, 23 and L is a length of tip surfaces
both of the projection portions 22, 23, stress 25 reduction effect wll
he maxim zed in a range of L/R being | arger than 2 and smaller than 3
(2<L/R<3). Thus, in the weld portions of the different material wel ded
rotor of the first enbodi nent, especially in the weld portions B, C, there
are provided the cavity portions 5, 6 as 5 wel |l as the projection
portions 22 and 23, 24 and 25 on the cavity portions 5, 6 side in the shape
to weaken the tensile stress due to the thermal expansion, thereby the

different mafgrddl ¥kddes 5m%m%%@i,ﬁﬁ;aé?% g{%?]gpﬁ% f different materials

are jointed together I's Increase Mor eover, there are

provi ded the inspecti @auBQl €8 the @el@spbpdibRs0yBRHL dlik2ctRNt! XaPOELLPNS
5, 6, thereby inspection of the joint portions becones facilitated. Fig. 5

s a cross sesidedatotdrewOithe Fiesw embbdimedit,,l @cpatigat ¢r ial twel getd
rotor of a second enbodi nent 15 according to the present invention. In
t hi s second poroibmer®, Cyhahere dréfprenidédothé heaviys poardiegis®nt 6shown

in Fig. 1 is portions of |low tenperature portion rotors shown by reference
nurmer al 8 41 weld ash\ thelprejestrnrmmpoidensn22 oand 23 an2k idndi25ice the
structure are sane as those shown in Fig: 1. 20 In Fig. 5, the
| ow t enper atAFeLHbMITIHLANA &, £ 5dde fhe thegshapeptpaveakepotheckensibe 2.
e o O, e S Hud e e thOmar expatsion, thereby The differont O
rotor 2 and pansion, 4 1
material welded rotor in which rotors made of different
materials ai‘e jointed together is increased of the strengﬁﬁ:f
10 Moreover, there are provided the inspection hbles 7, 8 passing
through to the cavity portions 5, 6, thereby inspection ofl the
joint portions becomes facilitated. |
Fig.-5 is a cross sectional view of a steam turbine
different material welded rotor of a second embodiment
15 according to the present invention. In this second embodiment,
what is different from the first embodiment shown in Fig. 1 is
portions of low temperature 'portiqn rotors shown by 'refereng:e
numerals 41, 42. A high temperature portion rotor 2 and its
inside structure are same as those shown in Fig. 1. -
20 ' In Fig. 5, the low temperature portion rofor 41 and
the high-temperéture portion fotor 2 are- jointed together at
a weld portion A and the high temperature portion rotor 2 and
the low temperature portion rotor 42 are jointed together at

a weld portion B so that a single steam turbine rotor is formed.

25  The low temperature portion rotors 41, 42 are in low temperature
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the | ow tenperature portion rotor 42 are jointed together at a weld portion
B so that a single steamturbine rotor is fornmed. 25 The | ow tenperature
portion rotors 41, 42 are in |low tenperature - 12 - portions and are
made of a Cr MV (chrom um nol ybdenum vanadi un) steel. The weld portion B
which relates to the high tenperature portion rotor 2 and the | ow
tenperature portion rotor 42 exposed to the high tenperature steam and the
| ow 5 tenperature steam respectively, is an inportant portion as turbine
novi ng bl ades are fitted therearound and is made in the sane structure as

that ‘of 't hepbirkStr@aoe Ml malae o¥eld ik Ot A Bufhfe1Yilferfh L he_same

weld structlre as that o rst enb ment "shown | n Fi“gs. a) 10 and

2(b). AlthougldilyS5tabion rre QR fOrti88 PSATidHY r%&%ttie%“tboéﬂé (h;j)‘ﬂ?st he

opposite portion of 'the high tenperatture portion rotor 2 in Fig.

repl aced w tempkealtate! popeionlrotee 2 Ahd ehe' 15l tiehddravdrMRALY®E
portion rotor 3 in Fig. 2(b) is replaced with the |ow tenperature portion

15 rotor #2tamd4lhexpesadpant the §ighowemperbit@ire?cteadtoahd@heeNicw -
O her portions of the construction being sane as those of the first

enbodi rent , temperapuren stleamgomrewplelctlisedyi,t tisd anFiigpob tianta pearttiical las
enl arged cross sectional view of Fig. 5 wherein Fig. 6(a) is that of the
wel d portiofuBbing movingikjadgsbarest itted thereamoungeandriss nadecin diha
view of a joint portion of the weld portion B. The structure -of the weld
portion same structure as that of the first embodiment.
The weld portions A, B are made in the same weld
structure as. that of the first embodiment shown in Figs. 2('a-'):::-
10 and 2(b). Although illustration is omitted,I the bearing
portion rotor 1 as the opposite portion of the high temperature
portion rotor 2 in Fig. 2(a) is replaced with the low
temperature portion rotor 41, the low temperature portion rotor
3_in Fig. 2(b) is replaced with the low temperature portion
15 rotor 42 and the weld portion C shown in Fig. 2(c) does not exist.
Other portions of the construction being same as those of the
first embodiment, description thereon will be omitted.
| Fig. 6 is a partially enlarged cross sectional view
of Fig. 5‘, wherein Fig. 6(a) is that 6f the weld portion B énd
20 Fig. 6(b) is a fu:r;'ther enlarged cross sectional view of a joint
portion of the weld portion B. The structureof the weld portion
B is basically same as that of the first embodiment shown in
Fig. 3 with'the weld portion C being omitted. In Fig. 6, there

are provided recess portions 26, 27 in the weld portion B so

25 that a cavity portion 5 is formed by a right and left pair of
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Bis basically same as that of the first enbodi nent shown in Fig. 3 with
the weld portion C being omtted. In Fig. 6, there are provided recess
portions 26, 27 in the weld portion B so 25 that a cavity portion 5 is
formed by a right and left pair of - 13 - the recess portions 26, 27 in
the joint portion. Further, there is provided an inspection hole 7 passing
through froma rotor 2 outer circunferential surface to the cavity portion
5. Like in the first enbodi nent, the inspection hole 7 5 is provided in
t he hi gh tenperature portion rotor side having | ess thermal influence and

portion's. " henreness okl 2, % h TRtid ARG BEEH 00 FRELRSS, Kharm Y
fi ber scope gy, g@%a@a L LASSEEELoh L4 PP 58 dﬁlﬁggﬂggﬁg@eha{aw%we 10

I nspection RS or |nspe on o e sur d portion B.

I'f the plug39gutdd tctl%u&t&é%@ﬁﬁ%ﬁe@ufﬁ'&é HPathdlcdvity igdrtidd 5.0l et

portion of the inspection hole 7, fitting and renoving of "the plug 9 will

be facilitated. It ispipebin Rt itdhA! embiodemieRt!, henti ifnspesbedhnesle 1 he
i nspection hole 15 i's provided adjoining the wel d portion in one piece of

hol e, 08 inipl prekipedcen thensiaih aenperatase poythen abtog $beée rafwingut er
circunference. According to the different material welded rotor of the
second enbodiessntheamadonpfilednuwet &nd has rstiiarn dm Fig .f 61 bt) ,28 pleg‘o@cb.srent
the rotor joint portions are only two places of the
usually provided for sealing the cavity portion 5. When the
inspection is to-be done, the plug 9 is removed and a fiberscope
or the like is inserted into the cavity portion 5 through théﬁ
10 inspection hole 7 for inspection of the surroundings of the weld
portion B. If the plug 9 is fitted in engagement wvia thread
or the like with inlet portion of the inspection hole 7, fitting
and removing of the plug 9 will be facilitated. ‘It is to be
noted that, like in the first embodiment, the inspection hole
15 is provided adjoining the weld portion in one piéce of hole,
or in plural pieces thereof as the case may be, élong the rotor
outer circumference.
According to the different material welded rotor of
the second embodiment, as comparéd'with the rotor of the first
20 embodiment, the rotor joint portioris are only two places of the
ﬁeld portioﬁs A, B without the weld portion C shown in Fig. 1,
which results in enhancement of workability of the weld rotor
‘as well as a fiberscope or the like can be inserted through the

inspection hole 7 of the weld portion B and same effect as in

25 the first embodiment can be obtained.

- 14 -



weld portions A, B without the weld portion C shown in Fig. 1, which
results in enhancenent of workability of the weld rotor as well as a

fi berscope or the like can be inserted through the inspection hole 7 of the
wel d portion B and sane effect as in 25 the first enbodi ment can be
obt ai ned. - 14 - It is understood that invention is not limted to the
particul ar construction and arrangenent herein described and illustrated
but enbraces such nodified forns thereof as cone within the scope of the
appended clainms. - 15 - Substitute sheet - 4 June 2001 16 WHAT IS
CLAIMED | 'S 1. A siteal daidrd¥odst ftgx%rteﬂﬁvgﬁiféha:ﬂs W%ltdfﬂmf_eéggto the
constructed by rotors divided into a high tenperature portion and a [ ow

t enper at ur ep PPt i t@laBNcon@Eeuf 16k f{Rl Qivir diRfeidrdl H12@iRd deSRMi®ddt agat her
by wel di ng, wherein a circular recess portion is provided in a central
portion of Hhlestréited bHwt kEmhricdseduih arell ffed FodmsOtBleTeodN agnBbhar end .
face of a peripheral portion of said end face is jointed by welding to an
annul ar endvitizén cthenscdpacefitthbacappesdéd ¢babms.so that a cavity portion
is formed in the central portion of said end faces so jointed and an

i nspection hole is provided passing through froma rotor outer surface
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to said

cavity portion. 2. A steamturbine different material wel ded

rotor as clained in claiml1, wherein said steamturbine different materi al
wel ded rotor is constructed by rotors divided into a bearing portion, a

hi gh tenperature portion and a | ow tenperature portion and nade of
di-fferent materials being jointed together by welding. 3. A st eam

t ur bi ne

different naterial welded rotor as clained in claiml1l, wherein

there is provided a projection portion which projects inwardly toward a

central

portion of said cavity portion along a central portion of an inner

ci rcunfererwHAT $8r€RAEMED ASpointed portion of said annular end faces. 4.
A steamturbine different material welded rotor as clained in claim2,
wherei & there is provi.-dell stgamjtagcbioe differenthnahepial ceebded\ratny

toward a central portion of said cavity portion along a central portion of
an i nnér cicensteneheddpy rotors divided into a high temperature portion

3
4

o w

10
11
12
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(2) and a low temperature portion (41, 42) and made of
different materials being jointed together by welding,
characterized in that a circular recess portion (26, 27) is
provided in a centrél portion of eﬁd face (B) to be jointed
of each of said rotors, an annular end face of a peripheral
portion of said end face (B) is jointed by welding to an annulaxr”
end face of adjacent one of said rotors so that é cavity portion
(5) is formed in the central portion of said end faces (B) so
jointed and an inspection hole (7) is provided passing through
from a rotor outer surface to said éavity portion (5).

2. A steam turbine different material welded rotor
as claimed in Claim 1, characterized in that said steam turbine
different material welded rotor is constructed by rotors
divided into a bearing portion (1, 4), a high temperature
portion (2) and a low temperature portion (3) and made of
different materials being jointed together by welding.

3. A steam turbine different material welded rotor
as claimed in Claim 1 or 2, characterized in that there is
provided a projection portion (22, 23)(24, 25) which projects
inwardly toward a central portion of said cavity portion (5),
(5, 6) along a central portion of an inner circumferential

surface of a jointed portion of said annular end faces.
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