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Evaluation of Reheat Cracking Susceptibility
with Simulated Heat Affected Zones in Cr-Mo-V Turbine Rotor Steel
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ABSTRACT

The evaluation of reheat cracking susceptibility in CrMoV turbine rotor steel was performed
using thermally simulated heat affected zones. The examinations were carried out in terms of mi-
crostructural characterization, microhardness measurement and a Charpy type notch opening three
point bend test. It was found that reheat cracking susceptibility increased as the peak temperature
increased. This effect was due to the combined effects of the carbide dissolution and unrestricted
grain growth at 1350C peak temperature. Reheat cracking susceptibility was estimated based on
microhardness measurement and prior austenite grain size. It was established that for this particular
material, reheat cracking in coarse grained heat affected zone can be eliminated if the microhar-
dness is below about 360DPH and the grain size is below about 30 um. It is evident that reheat
cracking susceptibility can be eliminated or reduced by carefully controlling the welding parameters
such that a refined structure is produced in the coarse grained heat affected zone.
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Table 1. Chemical Composition of CrMoV Turbine Rotor Steel

C Si Mn Cr
0.31 0.18 0.75 1.04

P S Mo \
0.016 0.012 114 0.24
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Fig 1. Schematic drawing of the Gleeble weld simu-
lator, showing the subjected oversize blank
Charpy specimen and the spot welded ther-
mocouple.
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Fig 2. Thermal history for the simulated heat affected
zones 1350C Peak Temperature (A)Single cycle
(B)Double cycle.
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Table 2. Characterization of Simulated Weld Thermal Cycle

Peak Temperature : 950°C(800C), 1150C(950C), 1350C(1050C)
Cycle . Single Cycle, Double Cycle

Holding Time at Peak Temp. * 20 sec.

Preheat Temperature 1 250

Heating Rate(Average) 1 200C/sec.

AT(800—500) : 30[950C], 40[1150C], 50sec[1350C]
Cooling Rate(800—500) 2 10C[950C], 81150, 6C[1350C ) /sec.
Interpass Temperature 1 250T

Postweld Heat Temperature . 677C
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Fig 5. Microstructure of simulated heat affected zones, 950C : (A)single (B)double cycle, 1150C : (C)single (D)
double cycle, 1350C : (E)single (F)double cycle.
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Table 3. Results of Microhardness and Grain Size
Measurement of the Simulated Heat Affected

Zones
Microhardness Grain size
Peak Temperature (DPH) (um)
950C Single Cycle 314 28
950C-800C Double Cycle 276 10
1150¢C Single Cycle 4“5 64
1150C-950C Double Cycle 359 30
1350C Single Cycle 462 330
1350€ —1050€ Double Cycle 484 85
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Fig 6. SEM micrographs of simulated heat affected zones, 950C . (A)single (B)double cycle, 1150CT : (C)single
(D)double cycle, 1350C : (E)single (F)double cycle
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Table. 4 Summary of the Reheat Cracking Test in the
Simulated HAZs

Initial Notch Opening Displacement(um)
0 100 200 300

Thermal Cycle

950C single cycle * * SAFE  SAFE
950C double cycle * *  SAFE  SAFE

11507 single cycle | CRACK CRACK * *
1150C double cycle * SAFE  SAFE

,
1350C single cycle | CRACK * CRACK *
1350C double cycle | CRACK CRACK * *
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Table 5. Results of Hardness Measurement Before and After Reheat Cracking Test

Thermal Hardness before Hardness after Hardness Grain Crack T

Cycle 3 P.B. Test 3 PB. Test Deviation Size(um)

Base

Metal 263 255 8 155
950C (S) 314 279 35 28 safe
950C (D) 276 251 25 <10 safe
1150C (S) 445 360 85 64 crack
1150C (D) 359 326 33 30 safe
1350C (S) 462 374 88 330 crack
1350C (D) 484 342 142 85 crack |
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Fig 7. Typical reheat crack on the simulated heat affected zone took from 1350C peak temperature single cycle
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Fig 8. SEM micrograph of reheat crack with extensive cavity formation at subgrain boundaries on the simulated
HAZ

AR 00 .
Fig 9. Fracture surfaces of the simulated HAZs before notch opening 3pt. bend test : 1350C : (A)single (B)double
cycle, 950 : (C)single (D)double cycle
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Fig 10. Fracture surfaces of the simulated HAZs after notch opening 3pt. bend test : 1350C : (A)single (B)double

cycle, 950T : (C)single (D)double cycle

Fig 11. Transition of reheat crack of the heat affected zone flrom 1150C single cycled
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