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Trends in Repair Welding Technology for Steam Turbine Rotors

Gwang soo Kim and Young kun Oh
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Table 1. (a) Nominal composition of old and new CrMoV rotor

C Mn P Si Ni Cr Mo A% Cu Al Sb Sn As Old
0.32 | 0.85 | 0.03 [ 0.03 { 0.25 | 0.20 | 1.05 | 1.25 | 0.25 | 0.16 | 0.006 | 0.002 [ 0.02 | 0.02 | New
0.32 | 0.83 [0.009)0.009] 0.27 1 0.23 | 1.07 | 1.17 | 0.25 | 0.09 | 0.003|0.001 | 0.008 ] 0.01
Table 2. (b) Factors that influence the weldability of CrMoV rotors
Chemistry Carbon, Phosphorous, Sulfur, Chromium, Molybdenum, Vandium levels

Melting Practice

Open hearth or Electric furnace (air, vacuum)

Heat Treatment

High or low nomalizing/ tempering temperature

Metallurgical structure

Large or fine grain size and grain boundary segregation/precipitations

Embrittlement

Temper or loss in creep ductility

KBIEHREGT F£16% $49, 1998F 88
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Table 3. Comparison of rotor and all-weld properties

Typical High SA Welds GMA Welds GTA Welds
Pressure Rotor
0.2% YS, KSI 95 120 125 110
UTS, KSI 112 130 140 125
Tension
% Elong. 20 20 18 26
% RA 55 55 55 75
FATTS50 T 150 85 - -45
Impact
R.T Joule 20 96 - 178

Table 4. Mechanical properties of the GTA welds

High Temperature AW*

High side of CrMoV scatter band for strength and ductility thru 700C

Tension TW*

Low side of CrMoV scatter band for strength and ductility thru 700°C

AW Rupture strength on the high side or exceeding the upper bound for CrMoV rotors

Creep-Rupture

TW Slightly below lower bound for CrMoV rotors

Low Cycle Fatigue AW | Properties exceed CrMoV rotor data
Room Temp, Tw | Properties equivalent to CrMoV at low strain rates and slightly lower at high starin)
425T, 538T rates

AW Equal to or slightly better than CrMoV rotor

High Cycle Fatigue

™ Equal to or slightly lower than CrMoV rotor

* AW : all-welds, TW ! transverse welds
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1. 2rdiEie 289 32359 (blast clean) 2
< HA

2. B&Ho] &4 BE7Mx] L8g 37 A4

3. 83& A%t

4, BQ3EE BE vty A (magnetic
particle, ultrasonic)

5. Aelg I 98 &3
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8. 3 A2 (blast clean)
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11. #F =271 A
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Table 5. Typical Testing and Evaluation Guidelines for Rotor Weld Repair

Perform a broad scope failure analysis

Determine the failure cause

Metallurgical Considerations

Determine base metal composition

Determine the base metal mechaniical Properties

Conduct mechanical and metallurgical tests of a mock-up weld

Conduct metallurgical testing of the welded component

Apply classical engineering stress analysis

Perform finite analysis of the weld design

Mechanical Considerations

Assess rotor dynamics

Program vibration monitoring

Conduct rotor boresonic inspection

Inspection Requirements

Ultrasonically test periphery of the weld

Quality Assurance

Obtain the approval of the weld repair plan by insurance company

KEBZEEE H168 $4R, 19985 87



32

3. No-=9t ZE{ollA X0 9t &
=(Repair) X M&}(Fabrication)dl

280 AE By -4 BeElser & F8T
Abatel dig dgg F2 gtk B HoAe
AAZ o EHRLI} H5AAE 48 &
Atz Pl FH o|HEL 2FH A MUY
2R3 £H FAGNA AolE Jel =4 of
AL Hy AFFHAEZ ExHA £H)ed 9
3171 "o, AME SHFH 52 know-
howol] W& o|f-2 FN3A = &t TN
= @Al ol27) 712 EHF A 9§ plant 4]
9] B, A e AlFo] F3] AT AN
ot A g5 T gloh dhdd 2do A A uie} 2
o] ZoAE HEHOZ ke EHRS) £
Hell 98l plant Au]9] YA FEof & B8l ZH
7t AzEHe dE HE 4 At gEl 2E9 9lo]
A x7] gddAgos HEoA REY LB
£ old £ £ FH9 4R EE ddAHE 27
sled 83 el g&EId FAA AL EF
deep, narrow groove®] £ 2JE31A Bt 9]
g AL 2A TESA ol 3GAR o] F
olFitt: & 4 Ut

194 2HE £ 02 A& dddA f=7t
ol o3t dde IFHA, GTA £HFAHL=E
23g}, (Fig. 5) ol th9 GTA £HELX
7t BAl6] HE&EE Ro| Aa)

234 g osE ZHE £HOE §F o)
dE& F73HA grooveE: A7) 91 SAW &
Hol &8 SAW £HAME 59 ESXE
A48 F o £3HF FIH2XE (interpass
temperature) 8] 2] & 913} diskoll Ao} 2= WA
35 AU A 8-l HoJA. (Fig. 6)

397 : £HYs Fole £¥Ad 2D AF
€89 AAE Asted FEA 7} o]FojAof &
o FEAYE £ & £H] Afde FHHoR
Pk ddA Y ZE AZE EHoz2d= F
Tl AR st gez 89 53 A7)
2EAEYE F ek Fig 7)

£ B FHo| ¢8Y o] on Ay
ule} Zro] ot B3]y EE v T F HAlst ol
Folzof a1, EHFAAN ojFXE 7|AAHA

%% 292

NG AN AEHE ARHE A4 SHR 2
& 27\ ey B= HE FvHolo} B}

Fig. 5 Vertical GTA welding procedure and preheat
treatment

Fig. 6 Horizontal SA welding procedure.
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Fig. 7 Postweld heat treatment procedure.
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ROTOR OVERALL DIMENSIONS AND WEIGHT
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a) Scheme of the rotor

b) welding operations c) Final design

Fig. 11 Reconstruction of the last disk of a
intermediate pressure rotor.
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