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Pucynok 1
T eo poTopa ¢ 3anpecoBaHHBIM

KOJIIIA4YKOBBIM KOJIBIIOM U
KOJITAaYKOBOM MIMTO M

Picture 1

Generator rotor with shrunk- on
Retaining ring and shrunk- in End
plate.

DyHKIUSA
KOJINMAYKO0BbIX
KoOJIeIl U
TPeOOBAHUS K 3THM
KOHCTPYKTHBHBIM
3JIeMEeHTaM

OnekTpnyeckas aHeprus
NpON3BOANTC S CErOOHS MOYTK
NCKIIIOYMTENBHO BO BpaLLAOLLMXCS
MalLMHaXx, Tak Ha3sblBaeMbIX
reHepaTtopax. Tekyupe
nccnegosaTensckve paboTbl Mo
NpsiMOMY NPOW3BOACTBY TOKA, Kak
Hanpumep N3 COSNHEYHO aHepmmn
nnun gpyme cnocoosbl
Hernoc peac TBeHHOo
npeepaLeHns SHeprumn, He NVEKT
el Ha CerogHsALHUN OeHb
00JIbLLIOTO TEXHUYECKOIO

3Ha4YeHus.

The function of
retaining rings
and the de mands
placed on them

Electric power is today almost
exclusively produced by means of
generators with rotating armatu-
res. On- going research activities
focusing on direct power genera-
tion, e.g. from solar energy or
other direct conversion processes
have not yet attained any big
technical significance.




Bonblas 4acTh MPOU3B0UMOrO B
reHepaTopax TokKa MPUXOAUTCS Ha TOK
u3 TypOorenepatopoB. OHuU
BpAILAIOTCsL, B OTIIMYUE OT
YeTHIPEXITOIFOCHBIX TH]IP OTYPOMHHBIX
TeHEPaTOpPOB, B JABYXIIOJIOCHOM
HCTIOJTHEHUH cO cKopocThio 3000
000pOTOB B MUHY Ty VISl
MIPOM3BOICTBA TIePEMEHHOTO TOKa
gacroTo# 50 ri, {11 mepemMeHHOoro
TOKa yacroroi 60111 Heo 60 MMa
ckopocTh Bparieaus 3600 060poToB B
MUHY Ty . Y €TbIpEXTIOIIOCHBE MAIMHBI
BPAILAFOTCsI TI0 CPABHEHUIO C

JIBY XIIOJIFOCHBIMH C TIOJIOBAHO# UK cIIa
060poToB, TO ecTh 1 500 rym 1800
000pOTOB B MUHYTY.

Bpamarogecs MarnurHoe noJie
TTPOM3BOAUTCS 32 CIET 0OMOTOK C
TIepeMEHHO i TIOJIPHO CTHIO, KOTOPBIE
B030Y KIAIOTCS ITOCTO THHBIM TOKOM.
OOMOTKH BBCTYTIAIOT U3 TIPO IO TEHBIX
T1a30B pOTOpa HA KOHIAX OOYKHU U
00pa3yIor TOJOBKY 0OMOTKH, KOTOpast
JIOJDKHA OBITH 3alUIIeHa OT
IIEHTPOOSKHO U CYUIBL. D! Py HKITHH
OepyT Ha ceds KOJMaIKOBBIC KOJIbITA.
OHU SABJSAIOTCS CAMBIMA

BBICOKOHArpy *KEHHBIMH dJIEMEHTaMU
TypOoreHeparopa.

KommagkoBeie K0JbIa B OOJIBIIMHCTBE
CJTy4aeB OJHOCTOPOHHE
3aIpeccoBaHbl Ha KOHIIAaX 0OYKA
pOoTOpa U 3alUIEHEI OT
Bpaliare’IbHbIX U 0CEBbIX JBHKESHAN
IO THITY IITHIKOBOTO 3aTBOpa. Ha
0o0parHo# cropoHe 00YKH BO MHOT' X
CJTydasx BCAXKEHO B KOJIMaIKOBOE
KOJIBIIO OTIOPHOE KOJIBI[0, KOTOPOe
MIPUHUMAET Ha ce0s B TP OJDIEHOM
HaTpaBJIeHUH JEHCTBY IOIINE CHITBI
TOJOBOK 0OMOTKH.

[Ipn KOHCTPYHPOBaHUM KOJMAIKOBBIX
KOJICI[ Hy )KHO CTPEMUTHCS K
OTITUMAJIEHOMY COOTHOIICHUIO MEXITy
MIPOYHOCTHIO U TOJIIIMHON CTEHKH, TaK
KaK BO BpPeMsl 3CTUTyaTAI[UK Hapsiay C
[EHTPOO €KHBIMU CHUJIAMHU TOJIOBOK
0OMOTKH TAKKE JI0JDKHBI ObITh
MIPUHSTHI COOCTBEHHBE

[EHTPOO EXKHBIE CUJIIBI KOJIMAYKOBBIX
KOJIell, KOTOPbE MOTYT JocTurath 50
% NeMCTBY IOUIMX CHIL. OTU CHUJIBI
COCTaBJISIIOT, HAITPUMED TIPHU

IEHTPOO EKHO M CKOPOCTH BpaIlleHUS B
1320 06opoTOB 115
9eThPEXTOMocHO N M VA-ManmHBl,
135 MN. Ilpu HOMUHATILHOM YU CJIe
000pOTOB KOJMAaYKOBBIC KOJIbIIA
Harpy>Karorcsi MpH LEHTP 00 €5KHOM
UCTIBITAaHUU 1O 65 %, ampu
omnpoGoBanum rexepatopa 1 80 %
npenem Tekydect 0,2.

By far the greater proportion of
electric power supplied by gener-
ators comes from turbogenerators. In
contrast to multi- pole waterturbine-
driven generators, two- pole
turbogenerators operate at a speed of
3000 rpm when alternating current
of 50 Hz is generated. For
altemating cur-rent of 60 Hz a speed
0of 3600 rpm is required. Four- pole
machi-nes operate at halfthe speed
oftwo- pole machines, i.e. 1500
resp. 1800 rpm.

The rotating magnetic field is
produced by coils of alternating
polarity held in longitudinal slots in
the generator rotor body and through
which a direct current flows. At the
point where they leave the slots at
the rotor ends, these coils form coil
heads which must be secured against
the cen-trifugal forces. This isthe
func-tion of retainingrings, the most
highly stressed components of a
turbogenerator.

The retaining rings are usually fixed
on the rotor body end by shrink to fit
and secured against rotational and
axial movement by, for example, a
kind of bayonet lock.

A backing ring is often shrunk into
the retaining ring onthe side facing
away from the rotor body to absorb
the axial forces of the coil heads.

In designing retaining rings the aim
must be to achieve an opti- mal
relationship between strength and
wall thickness asthe operational
forces include, in addition to the
centrifugal forces acting onthe coil
heads, the centrifugal forcesofthe
retaining rings themselves which
can amount to as much as 50 % of
the total forces acting. For example,
in a four- pole 1320 MVA
(=1.770.000¢ehp) machine these
forces amountto 135 MN (=30.000
kip) at test speed.

When the machine is operating at
rated speed, the retaining rings are
loaded at up to 65 % oftheir 0,2 %
proof stress and during overspeed
testing up to 80 %.



B 10 BpeMms Kak mmameTp
KOJITaIKOBBIX KOJIEI] 3aBUCHT TIPEXKIC
BCET0 OT BUJA UCTIOJIHEHNUS (BYX-
VI 9 THIP EXTTOIFOCHBIN) M MOTITHO CTH
TeHepaTopa, TO UIMHA KOJITaTKO BBIX
KOJIEI] OIPEICIIIETCS] KOHCTPY KITUen
roJoBOK 0OMOTKH. KosbIta st
OXJRKIAEMBIX BOJOH POTOPOB OoJIee
JUIUHHBIE.

Pa3zpaboTka 0oIBIIMX €HAT]
MOIIHOCTH BEJIET K pacTy e
Harpy3Kke Ha KOJIMAYKOBbIE KOJIHIA.
[To3TOMY K 3THM KOJIBLIAM U TaKXe K
TEXHOJIOT X WX TIP OM3BO/ICTBA
P eI SBIITIOTCS CAMBE BBICOKHE
TpeboBannsL. Matepral, U3 KOTOPOTO
M3TOTOBJIIOTCS KOJMAadKOBbIE KOJIbIQ,
JIOJDKEH BBITIOJIHATH CIIE Ty FOIIe
TpeOOBaHUS:
- BBICOKHI mpenient Tekydectn 0,2
- JIOCTaro4HbIE CBOMICTBA IS
XOJIOJTHO I 1 TOp sTue 00p al oTKH
- HE OYECHb MAJICHbKUH
K03 (WhUTMET TeIII0BOTO
pacumpeHus
- B OOJIBIIMHCTBE CIy9aeB
HeHaMar HIYMBaeMO CTh

Tpu Ha3BaHHBIE EPBHIMU CBOMCTBA
BBIOpaHbI B COOTBETCTBUU C
KOHCIpYKUIHUEHN Tesia poTopa 1
MOHTaKHO 1 BO3MOKHOCTHIO.
[IprunHa TpeboBaHus

HEHaMar HNYMBaeMOCTH 3aKII0aeTcs
B TOM, YTO (heppOMarHUTHBIE
MaTepraibl PU TPOX O KIACHUH
3NEKTPHUY ECKOTO T0JIS CO3AI0T
BUXPEBBE TOKH, KOTOPBIC PHUBO AT K
MOTEPH MOLIHOCTH U K
JOTIOJIHUTETILHO I Harpy3Ke yoke 1 6e3
TOTO CJIO’KHON CHUCTEMBI O XJROKICHHUS
reHepatopa. Harpes

HaMar HiMBaeMOTO KOJIA4KOBOI'O
KOJIbIIa BO BpEMs IKCILIly aTallH HE
JIOJDKEH T10 IBEPraTh OMAaCHOCTH KAK
MECTO IO CaJIKHU KOJIbLIA, TAK 1
W30JIIIMIO. DTH Ipo OJIeMBI HE
BO3HHUKAIOT y HEHaMar HHY MBAEMbIX
KOJIMAYKOBBIX KOJIEL, U TOITOMY OHU
WCTIOJIB3YIOTCS CEerOHS B
OOJIBIIMHCTBE MOIIHBIX T'€HEPaTOPOB.

While the diameter of the retaining
rings depends onthe type (two or
four- pole) and the capacity of the
generator, the lengh ofthe rings is
also dictated by the coil head design.
The rings for water- cooled rotors are
the longer ones.

As generator units become larger the
retaining rings are subjectedto
increasing stresses. Very exacting and
high demands aretherefore made on
the rings and onthe methods by
which they are manufactured. The
material from which retaining rings
are made must therefore meet the
following four requirements:
- high 0,2 % proof stress
- adequate cold and hot formability
- sufficiently high thermal
expansion
- non- magnetizability in most
cases.

The first three properties are
necessary because of the stresses
stemming fromthe design of the rotor
body and for assembly reasons. Non-
magnetizability is required because
when ferro-magnetic materials move
through an electric field eddy currents
are generated which result in power
losses and make further demands on
the already sophisticated generator
cooling system. The temperature rise
occuring in a magnetizable retaining
ring during operation must not
endanger the shrink to fit of the ring
nor damage insulation. These prob-
lems do not arise with non magneti-
zable retainingrings and these are
therefore used in most oftoday s
high- capacity generators.



Pa3paboTka
KOJINMAYKO0BbIX
KOJIel

C camoro Havasa mpoU3BO/ICTBA
TypOOreHeparopoB B HaYaJe
CTOJIeTHSI, Kora OJ1aroaapst
paypaborkam C.E.L. Brown

IO CTO STHHBIE Mar HUThI O LT
3aMEHEHBI BPAIRIOIIMMHUCS

PO U3B0 I TEISIMU TOKa, U3BSCTHA
pobJieMa Harpy KeHHOCTH TOJIOBOK
00OMOTKH ITeHTPO OC)KHBIMU CHIRMHU.

IlepBoe, cebs 3apekoMeH 1D BaBIIIee,
KOHCTPYKTMBHO € pelIeHre Mo 01eMBbl
ObU1a OaHaKHAas POBOJIOKA.
JloBOJIBHO panHoO Takxke OBUTH
BBIPQJKEHBI YKEJIAHHS 110

HECHaMar HHYMBAEMbIM KOJIIIa4 KO BBIM
KOJIbIIaM.

3amich 0 MaTeprasiax st

HEHaMar HHYMBAEMbIX KOJITa4KOBBIX
KOJIEI yXOAT B HAIIIEM TP NP UATHN
B 1901 ron. Batomrony CE.L.
Brown BriepBbEe pacosioxui
0OMOTKY B ITa3ax, pacioyio>KeHHBIX 10
MEPUMETPY POIMKOBOT'O STKOPSL

0O0630p 10 pazpaboTKe CIABOB IS
HeHaMar HTYMBAEMBIX KOJITAYKOBBIX
KOJIeTI IIpepiaraercs B Tabsme 1, B
KOTOPOM COJIEPIKATCS BBIIEPIKKH U3
CTaphIX aHAJM3HBIX KHU HAIIero
npempusatas. [Ipu zanmcsx u3 1901
roJa uaer peds 0e3 CoMHCHUS
BOOOIIE 0 MEePBBIX Pa3paboTKAX
CIIJIABOB Il HEHaMar HTYMBaEMBIX
KOJIMa4KOBBIX KoJell. [leproe
MpoOHOE KOJIBIIO B TO BpeMs
pasmepom 720/520 MM B raMerpe u
mHO# 390 MM OBUIO KOBAHO U
0Tpo 6O BaHO.

QOueBUIHO TOr'Ja CO CBOMCTBAMU
TOJIBKO B KOBAHOM COCTOSHUU HE
ObUH 0BOJIBHBL VMerommecs
JOKYMEHTHI yKa3bIBaIOT HA 0OIIMPHbIE
ucHbITaHds Audxpy3MOHHOTO OTKUr'a.
JocTurHy ThIif ManeHbKUA Opeaei
Tekydectd 0,2 B OTOACKEHHOM
COCTOSIHUH HE TP EeJICTABIISUI O THAKO
AIbTEPHATUBY K IPUMEHACMBM B TO
BpeMsi 0aHJaKHBIM ITPOBOJIOKAM.

13 MaJoHaMar HNYMBacMbIX
MaTepuajoB, B OOJBLIIMHCTEE U3
BBICOKOHUKEJIEBBIX CTaJIeH.

The developme nt
Of retaining rings

Ever since the beginnings of tur-
bogenerator construction at theturn of
the century when a deve-lopment by
C.E.L Brown enabled permanent
magnetsto be replaced by power
generators with rotating armatures,
design engi-neers have been familiar
with the problems of centrifugal
forces acting on the coil heads.

Initially this problem was success-
fully tackled by the use of wire
bandages. It was suggested at a
relatively early stage, however, that
non- magnetizable retaining rings
should be used.

At Krupp, records on non- magne-
tizable materials for retaining rings
are going back to 1901, the year in
which C.E.L Brown first accom-
modated the field coils in slots
distributed over the circumference of
the rotor body in axial direc-tion.

Table 1, containing extracts from old
analysis records of our com-pany,
gives an outline ofthe development of
non- magnetizable retaining rings
alloys. The company records of 1910
without doubt relateto the first alloys
ever developed for the manufacture of
non- magnetizable retaining rings. A
first experimental ring measuring
720/520 mm @ (=28“/=20“) in
diameter and 390 mm (= 15°) in
height was forged andtested at that
time.

The properties of that ring in the as-
forged condition were evidently found
to be unsatisfactory. The records
indicate that extensive solution heat
treatment tests were carried out.
Owing to the low 0,2 % proof stress
obtained in the heat treated condition,
however, the material did not
represent an acceptable altemative to
the wire bandages used at the time
which were made of lowpermeability
materials, usually high- nickel steels.



Xummnyeckuii coctae B Bec. eg. %
Chemical composition in % b.wt.

Si Mn Ni Cr V W N

0,24 4,48 | 16,00 - - - =

0,20 044 | 21,80 3,00 - B -

= 6,00 850 | 10,25 - - -

> 6,00 8,50 3,50 - 1,50 -

- 6,00 6,50 | 10,25 - 0,80 -

- 750 | 750 | 425 - - -

0,18 8,22 | 10,10 415 - = -

013 [ 1110 | 419 | 439 [ - - -

0,40 500 | 12,50 3,60 - - -

0,40 5,00 | 15,00 - - - -

0,40 6,00 | 10,00 | 11,50 - = -

0,40 7,50 8,50 4,00 - 0,60 =
0,40 17,50 = 3,00 = - -
0,38 18,00 - 1,00 - - -
0,80 18,00 - 4,50 0,10 - 010
0,25 15,00 - 15,00 2,00 = =
0,40 20,00 - 14,00 1,20 - -
0,75 19,50 1,50 6,20 0,10 - 0,14
0,40 20,00 1,00 6,00 - - 0,10
0,50 18,00 0,40 4,65 0,55 - 0,10
0,30 18,50 - 18,50 - - 0,50
1,00 18,50 | <1,00 18,50 - - 1,00
* KauecTBo Npof kak Mapku AnA UCbiTaHWi *Trial grades before
10 perynAapHoui BeINIaBKu regular production.

P 900 N+Mo
P 2000

T abma 1

Paspaborka craneit mist
HeHaMarHMIMBaeMBIX KOJIIAa4YKOBBIX
KOJICI[ B HaIlleM MPE/PUATHN B

MpOMeXyToK BpeMenu ot 1901 no
1988 rona

Table 1
Development of non- magnetizable

Steel for retaining rings at our com-
pany between 1901 and 1988?.



B 192425 ropax ¢upmoit Kpymm
OBUIM UOTOBJIEHBI NIEPBbEE
KOJITa4KOBBIE KOJIbLIA U3
Mpe/IecTBEHHIKO B Marep uaiy
»EFC212 G*, nmpmaém
OKOHYATeJIbHAs KOBKA ObITa
OCYIIECTBJIEHA TAK HA3bIBAEMOM
TOps4e-X0JIOTHOM KOBKOI
MOJIOTOM IPU TEMITEpaType
npumepHo 550° C. Ompoboranue
KOJIEII TI0KA3aJi0 CHUJIbHO
W3MEHSIFOLIMECS] MEX aHUYECKHE U
TEXHOJIOI M4 ECKUE CBOMCTBA
MaTepraa ro NepuMerpy.
[TprumHO# 5TOMY y*e Torja Obiia
ompeielieHa HepaBHOMEp Hast
JedopMarys pH K TOMy e He
MOCTOSIHHO BBIIEP KM BaeMOM

TeMIepaTtype.

OmHako OBII0 3aMEYEHO, UTO My Th
B I€JOM NP aBUJIEH U

KCTIOJIb30 BAHHBIN MaTepual
TIPUTOIEH ISl TIO BHIIIICHUS
MPOYHOCTH ITYTEM ,,XOJIO THO 1
nedopMarn’‘.

Tem camMbM OBLT C/ICTRH TT€P BBII
IIar B HaNpaBJICHAH XOJIOJHOTO
PaCIMpPEeHHs U TIOCTaBIICHBI
CTPEJIKH VTSl TEX HUKHA
MPOM3BOJICTBA, KOTOPAs CeTO THS
y’Ke HaCTOJIbKO
YCOBEPIIEHCTBOBAHA, YTO MOTY T
M3TOTOBIATECS KOJITa4KOBBIE
KOJIbI[A JUTS CaMbIX OOJIBIIHX
CTPOSIIIFIXCS CEroHs
TypOOTeHeparopoB.

B 1928 roay Haumim
IpeIIpUATHEM OBUI IO CTABICH
¢upme Camenc-llyxepT nepBoe
XO0JI0AHO PacLIpEeHHOE
KOJIa4KOBOE KOJIBLIO C MPEeTioM
tekyuectr 0,2 B 700 MIla. [lo
3TOTO MOMEHTA ObUI
M3rOTOBJICHBI B PaMKax TAK
Ha3bIBAEMOTO ,,ICCIIEI0 BAHUS
0oJbIOro KoMYecTsa™ 25
KOJIIa4KOBBIX KOJIEl, MPUIEM
XOJI0IHO€ YIIPOYHEeHHE
MOBBIILIATOCH IIar 3 LIar oM.

Bo BpeMs 5THX HcIbITaHMHA OBLT
BBEIEH €€ Cero TH
IPUMEHSEMBI croco0 pacuéra
crenenu pacumpenus. Mcxons ns
pa3Mepa roToBOr0 KOJIa4yKOBOTO
KOJIbL[a MOKHO TPOCYUTATh
MPOLIEHTHOE PacIUpEeHne B
OTJEIBHBIX TP OMEXKY TOUHBIX
onepanusx. YToObI OTIMUUTH
yumpenue negopmammen ot
CTETIeH! PaCTsKEHUS,

In 192425 Krupp manufactured the
first retaining rings from ,,fore-
runners of the material EFC 212 G*.
The rings were finished by a
hammer forging operation, known
as hot- cold forging, at approx.
550°C (= 1020°F). T ests showed
widely varying mechanical
properties over the circum-ference
of'the rings. Even at that time it was
established that this was caused by
non- uniform deformation at
temperatures which could not be
kept constant.

Nevertheless it was realized that the
approach was right in itself and that
the strength ofthe material used
could be increased by ,,cold
forming*.

Thus the first step towards cold
expansion had been taken and the
way paved for a production
technology which is now so ad-
vancedthat retaining rings can be
made for the largest turbo-
generators currently being built.

In 1928 we supplied Siemens-
Schuckert with the first ,cold ex-
panded retaining ring*. It had a 0,2
% proof stress of 700 MPa (= 102
ksi). By that time approxim-ately 25
retaining rings had been
manufactured under a programme
known as,,large- number research®,
in which the amount of work
hardening was increased step by
step.

During these tests the ,,degree-of-
expansion method of compu-tation
still used today was intro-duced.
Proceeding fromthe fini-shed size
of retainingring, the percentage
expansion in the various
intermediate stages can be
calculated. In order to different
expansion from deformation
(stretchingrate), this compu-



TO 3TO 3HaYEHHUE y HAC B
[p e MPUATAN Ha3bIBACTCS
,pacumpenue no Cunreaint’ (1o
HMMEHH HAIIIEero COTPY IHUKA,
KOTOpBIi B 20-X TOAaX BBEI 3TOT
MeTo 1 pacuéra). [Ipu mepBpx
HCIBITAHUSAX KOPOTKAE KOHYCHBIC
KJIMHBI PO JIABJIMBAJIUCH YepPe3
KOJITAYKOBBIE KOJIbLA, TPUYEM IIPU
3TOM BO3HHKAJIM 3HAYUTETIbHBE
Tpy nHOCcTH. Kpome Toro atoT
cnoco6 co ,cBo0O0 JHBIMKU
KIIMHAMH ObUT HEe OE30IaceH M3-3a
MOJIHMEHOCHOTO BbIIETA KIIMHA
MOCJE €ro npoaBnuBaHus. B
koHIie 20-X TOJI0B OBUO

CKOHCTPY MPOBAHO TIEPBOE
pacumMpsIoIIee y CTPOMCTBO C
BHYTPEHHUMH CETMEHTaMH U
,,Pacp oM KIMHOM * . E11g
CEroIHS yCTISITHO MPUMEHSIETCS
JlaJIbHEe11Iee pa3BUTHE 3TOTO
crioco6a. B Buze cMazo9HOTO
MaTepyaa Jyisi Yp €3BbM aiHO
BBICOKHUX yJIEBHBIX JaBICHAN
MCTIOJTh30BAJIACH TOT' A M CErOaHS
oco0as cMech u3 rpadura u BOIBL
TpeboBaHMs 3aKA3TUKOB 110
npeneny 0,2 B 30-x rogax ObCTPO
pocim 1 B 1939 roay mocirim
npumepHo 900 MIla.

OTCyTCTBUE BAIOTHBIX CPEACTB U
P e3yIBTUPY FOLIHIA U3 TOTO,
HEIOCTaroK HukKel mocye 1933
ro/Jia PUBEI K TOMY, YTO
COoJIepKaHNe HUKEJIS B MaTeprase
,,EFC 212 G* mocTossHHO
CHUAJOCh BIUIOTH 0 TOTO, YTO B
KOHIIE KOHIIOB BCE COJIepKaHUe
HUKEJS ObUIO 3aMEHEHO
Mapraiuom (Matepuain,,CF
87212). Oro notpedoBaO
HEKOTOPBIX U3MEHEHUH B
MIPOU3BOACTBEHHOM TIpoLiecce, HO
OJIHAKO HE MOI'JI0 3a7IepKaTh
JIaNbHENIIIee pa3BUTHC

HEHaMar HNYMBaeMbIX
KOJIMAYKOBBIX KoJtell. Paspaborka
MaTepuana npueenaor ,,CF
87212* uwepes ,,CF 6724 k
Mmatepuany ,,P750 (UKR),
KOTOpPBIH cBbiIe 30-TH JieT ObUT
CTaHJAPTHBIM MaTEPHUATIOM JIst
MPOM3BOJICTBA KOJITA4YKOBBIX
koner, Cwmatepuanom P900
BIIEPBbIC ObLIa pa3paboTaHa CTajb
JUTSL KOJITIa4 KOBBIX KOJIEIT, CTO MKast
MPOTUB KO PPO3HUOHHOTO
pacipecKiBaHusl, KOTOpasi B
cepeaune 80-x T0JPB ObLIA
MIPUHSTA BCEMHU PO U3BO IUTEIIMHU
TFEHEPATOPOB BO BCEM MHUPE.

ted expansion rate is designated

at our company as ,,Singwald ex-
pansion (afterthe KRUPP engi-
neer who introduced it inthe late
1920s). Inthe initial experiments
short conical wedges were forced
through the rings. This involved
considerable handling difficulties
and was not without danger owing
tothe bullet- like expulsion of the
wedges after being forced through
the rings. In the late

1920s the first expanding device
with internal segments and an
»expanding wedge* was devised.

A refined version of this process is
still successfully used today.

In order the cope with the extremely
high surface pressing a special
mixture of graphite and water was,
and still is, used as lubricant. In the
1930s customers’

0,2 % proof stress requirements
became rapidly more exacting, and
in 1939 the highest value specified
was approximately 900 MPa (=130
ksi).

Lack of forgeign exchange and the
resultant shortage of nickel in
Germany after 1933 led to a
continual decrease in the nickel
content of the material ,,EFC212 G*
until finally the nickel hadto be
entirely replaced by manganese
(material CF 87212). While this
necessitated certain changes in the
production procedure, it did not
prevent the further development of
the non- magnetizable retaining
ring. This development ultimately
led from ,,CF 87212 via ,,CF 6724
tothe material ,,P 750 (UKR),
which was the standard material for
the manufacture of retaining rings
for more than 30 years. P900 was
the first retaining ring steel to be
resistantto stress corrosion cracking
and in the mid- 1980s it received the
approval of all generator
manufacturers worldwide.



B nmocneanue 25 et nocrosiHHO @
yBeJIMdeHHe TypOor eHep aTOPHBIX
eMHMI oTpeboBasio Bcé Ootee
BBICOKHE TIpeJietibl Tekydectn 0,2
BO BCE MEHBILIME [P OMEKY TKU
BpemeHn.CaMoe BBICOKOE
TpeOOBaHUE 3aKa34UKOB B
HAaCTOSIIMHA MOMEHT Hax0JUTCS
npu npeaene0,2 B 1450 MIla. Oru
CBOMCTBA MOTYT OBITh JIOCTHTHYTHI
em¢ ¢ marepuanom P900.
JlanpHenmM Tpe0o BAHUEM
SIBIIIETCS O THAKO PacTyias
TeMIiepaTypa paboThl
TeHepaToOpOB, KOTOpas TpedoBasa
pa3paboTKy TAKOro MaTepuaa,
KOTOpBIM, UMesI BCE CBOWCTBA
Mateprana P900, oaHako npu
TEeMIIepaType SKCIUTyaTallnH B
npumepHO 150° C sBisieTcst
CTOMKHAM TPOTUB KOPPO3HOHHOTO
pacIpecKiBaHAS U TepsEeT 10
Tpezieny TeKy9ecTH Mpu
pacrsbxennu MmeHee 250 MIla. Ho
Y 3TH HKCTPEMAITBHO BHICOKHE
TpeOOBaHUS HE SBITFOTCS

MO CJEHUM yPOBHEM TS
HeHaMar HNYMBaeMbIX
YIOpOUHEHHBX MaTepuajoB. Beap
TpeOoBaHUE 1O eIMIE OOJIHIINM U
00Jee YKOHOMUIHBIM MOTITHO CTSIM
OCTa€rcs HaBepHsKa.

The past 25 years have seen a steady
increase in the size of tur-
bogenerators, requiring the use of
retaining ring materials with ever
higher 0,2 % proof stress values.
The highest 0,2 % proof stress
currently specified by customers is
1450 Mpa.

These properties will still be reached
with the material P 900. But a
further requirement is the rising
operating temperature of the turbo-
generators which made it necessary
to develope a material which has all
properties of the grade P 900 but
which hasto be resistant against
stress corrosion cracking at a
temperature of 150°C and loose less
than 250°C MPa on yield strength.
But even this value, albeit extremely
high for work hardened materials,
will certainly not be the last word as
the trend towards even larger and
more cost- efficient power
generating units will surely persist.

Pucynok 2
DexTponyroBas ne4b

Picture 2
Electric arc furnace



TexHOJO0TrHYeCKUM
MapIIPYT
NMPOU3BO/ICTBA
HeHaMar HHYMBaeM
bIX KOJINA4YKO0BBIX
KOJIell

NcxoaapM MaTepraioM pisl HATINX
KOJIIA4KOBBIX KOJIEL] SABIISIOTCS
BBITIJIABJICHHBE B Jlyr OBOH Me4n
3JIEKTPOIbI, KOTOPBE IS
YIy4dIIIeHHs CTeTIeHH YACTOTHI
MaTeprana ObUIM Tep eryIaBIeHbI B
Halllel yCTAHOBKE
3JIEKTPOTIIIAKOBOT'O TIEperiaBa
(ESU) nmm BycTaHOBKe
3JIEKTPOIIIIAKO BOT'O TEperlyiaBa Moy
nmaBneaueM (DESU). B
COOTBETCTBHH C THIIOM KOJIEII
M3TOTOBJIIOTCS OJIOKM Pa3IMIHOT O
JaMeTpa U Beca; CaMblid 0O0JIbIIo I
mameTp 510 1000 MM 1 cambIit
6oabIoi Bec 310 25 T. Tem cambiM
MOI'yT BCE, B HACTOSIIMH MOMEHT
HYHBE, TUITBI KOJMA4KOBBIX KOJICIT
W3TOTOBJICHBI U3 TIEP STABJICHHON
CTaJIH.

Bo mHOTHX OTIepaiusix KOBKU U
MPOMEKY TOYHBIX HarPEBOB
(hopMUpyeTCs 3aT0TOBKA
KOJITa4KOBOro koubLa. Ilocie
MpeIBAPUTENBHON OO0 TOYKH KOJIbLIA
noasepratorcs auddy3uo HHOMy
OTXKHUTY U 3aTEM XOJIO THOMY
YIPOYHEHUIO C TeM, YTOOBI IOCTUY b
TpeOy embii ripeaen 0,2. 1ot
padouuii wAr Npon3BOAUTCA Ha
npecce, MoIHOCTHO B 6000 T,
KOTOpPBIi OBUT NIOCTPOEH
CHEIMAIBHO IS PACIIUD CHHST
KOJIa4KOBBIX KOJIEII.

OTxUr VI CHATUS HATIP SDKEHUH U
YUCTOBAast 00pabOTKA 3AKITIOYAIOT
ITPOU3BOACTBSHHBIA ITPOLIECC.

Production
procedure for
non- magne tiz-
able retaining
rings

As starting material for our retainig
rings we use cast electrodes of
electric-arc furnace steel which are
remelted in our electro-slag
remelting (ESR) plant or in our
pressure electroslag remelting plant
in order to improve the cleanliness
of the material. We produce
remelted ingots of different
diameters and weights to suit the
different types ofrings. The largest
ingot diameter is approx. 1000mm
(= 39), the maximum weight 25
metric tons (56 kip). Thus, retaining
rings of alltype currently required
can be made of remelted steel.

The mngot is formed in several
forging andreheating operations to
produce aring blank. After ough
turning, the ring is solution heat
treated and then work har- dened
so as to obtain the desired 0,2 %
proof stress.

The latter operation is carried out
on a 6000 metric ton press
specially designed for cold
expanding of retaining rings.

A stress relieving heat treatment
and finish machining complete the
Production process.



Pucynoxk 3

VYcranoBka QJICKTPOILIJIAKOBOT O
nepenjiaBa

Picture 3
Electro - slag remelting unit



Pucynok 4

O06xaTue mpeaBapuTeIbLHO

BBITSIHY TOTO II€pPETJIaBICHHOTO
ydacTka 0J0ka

Picture 4
Upset forging of a preforged
section of an ESR ingot.

Pucynox 5
[MpoumBka 06XaTOTO YTOJMICHHS

Picture 5
Punching of an upset-forged blank.




Pucynok 6
ITpoBepka pazMepHOCTH TOTOBOTO
KOBAaHOTO KOJITAYKOBOTO KOJIbIIA

Picture 6
Dimensional check of a retaining
ring after finish forging.

Pucynok 7

IIponér MexaHnmaeckux
MacCTEPCKUX C KOJIIaYyKOBBIMU
KOJIBIIAMU B PA3IMYHBIX CTAIUIX
00paboTku

Picture 7
Part view of machine shop with

Retaining rings in different stages
of machmning,




Pucynok 8

3akanka quddy3n0HHO
OTO%OKEHHOTO KOJIaYKOBOTO
KOJIbLIA

Picture 8
Quenching of aretaining ring after
solution heat treatment.




Pucynox 9

Xoso1HOE paclMpeHne
KOJIMAYKOBOTO KOJIbIA Ha ITpecce,
MomHOoCTIO0 B 6000 T

Picture 9
Cold expanding of aretaining ring
on the 6000-t press.




Pucynok 10
UncrtoBas oOpaboTka

Picture 10
Finish machining



