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On the Mechanical Properties of Large Turbine Rotor Shaft.
. Taira NakANO, Shunji Y AMAMOTO
Tadataka GoTo and Sadao SuZuki

Synopsis:

To 1nvest1gate the relation of the test piece positions and directions to the mechanical
properties of a large sized steam turbine rotor shaft, the authors examined the impact tran- )
sition temperature and the. creep rupture properties of the 1Cr-1!/,Mo-1/4V steel high
pressure turbiné rotor shaft for a 125,000kW generator with varied positions of test pieces.

As to the test piece positions, the impact transition temperature rises gradually from the
outer part to the center, and the creep-rupture strength at the central portion is higher
than that of the outer part because of slower cooling rate; this is in good agreement with
‘other reports. Both the elongation and the reduction of area are hxgher at the outer portion
than those of the central.

As to the test piece directions, the impact transmon temperature of the test piece of rad1a1
direction is 10° to 15°C higher than those of longitudinal and tangential direction at each °
position; however, these transition temperature values, even if at the central portion, satisfy
mostly the A.S.T.M. standard value. The - creep-rupture strength of the radial or the
tangential® test. piece is lower than that of the longitudinal, the difference between them,
however, being comparatively small, with the decrement under 10%. '

'Finally comparing the notched specimens with the unnotihed, the former shows a higher
creep rupture strength in the short time rupture test, and on the contrary a lower value in

the long time rupture test, than the latter.
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Table 1. Chemical compositions of rotor shaft tested (25)
Ch ' ) i xS
Steel Nooo | © | Si |[Ma| P | S | Ca|Ni|Cr Mo |V |0 |N (5
1Cr—1H¢> TE 2691 | 032 | 0°27 | 0°68 | 0+018| 0*014| 0°06 | 0°05 | 0*98 | 1+15 | 0°21 lo*0080l0*0080| 157
Mo-1/,V Specifi- ear]0°15 on < < . .z~0°85 [1*00 [0°20
cation* | <0737 035 <100 5.035| 0-038| . <080 _i2sl~1%50~0'30| — | — | —

* A.S.TM. Designation. A-293-60T. Class-6.

** Sampling at ingot head after vacuum casting.

Table 2. Manufacturing f)rocess of rotor shaft tested.
Melting 60t Acid open hearth furnace
. Casting Vaccum casting (Ingot size: 45t)

Forging and
annealing

Solid forglngﬁeUpset forging (2 cycle)—solid forging
(FQrgmg ratio : 1°54S-1/2U0-1°92S-1/2U-2°04~24" 433)—>Anneahng

Rough machining

" Ultrasonic
inspection test

Normalizing

1100°Cx 15h. Air-cooling.

1000°Cx 12h Air-cooling

Quenching and
Tempering

950°C X 13h. Fog-quenching. 670°Cx70h Furnace—cooling:

Mechanical test

Machining Slit machining

Stress relieVing

620°Cx 100h Furnace-cooling

Machining

Heat indication test

Investigation of
mechanical properties
microstructure, efc.

Quenching and
tempering

954°CX 12h Fog-quenching. 670°Cx70h. Furnace-cooling

Mechanical test
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Table 3. Mechanical properties of rotor shaft at room temperature.

. N : X : . " : . - t 1 .‘ k _
Parts of Egstmg et « Tensile test . : » Charpy impact value (kg-m)
: . 1- estin . R N . :
rotor | Lection positiog - Y.S T.s EI | RA | U- | U- |V-Notch Key-hole
shaft. |- - (0°029% offset)| -~ . Notch{Notch " | notch
S (kg/mm?) | (kg/mm?) | (%) (%) |2mmi3 mm 2mm 5'mm
‘ | s 6377 83°5 23 63 9°3| s5°1 4°6 3+7
A Long M 644 839 21 61 61| 46 30 27
C 631 831 21 61 5°8 | 4%6 27 27
S 6579 86°6 19 51 5°3 | 3°4 2°2 2°
Long M 655 86°1 18 44 2+1 | 2°9 1°2 1°6
C 65°0 855 19 47 34| 2°4 1+0 0
B S 64°8 853 19 44 51| 5°2 57 39
| Radial|. M 663 864 15 33 48 | 2°7 1°1 1°8
, Cc 66°1 871 15 33 1°37] 10 0°8 07
S 648 85°5 19 45 7°5 | 6°5 5°2 37
Tang | M 66°3 | 871 17 37 377 | 2% 1°2 1°6
- C. 660 871 16 38 2°4.| 1°0 0°6 10
- C . | Radial| S 62°4 832 19 | 45 43| — 2%4 2%4
S 664 86°9 23 61 9°8 | 67 501 39
D Long | - ¢ 67°5 87°0 22 61 67| 6°1 2*1 307
. : I ]
o >595 >77°0 L>16 | L>40 =083
dok = = = = — _ = —
Specification (=85000 psi) |(=110,000psi)| R=13 | R=26 T (=6 ft-1b)

* S Surface zone. M: Medium zone, C: Center zone
**  ASTM. Designation. A-293-60T. Class-6. L: Longitudinal direction, R: Radial direction.
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Dimensions of rotor shaft and tested
. positions.

Fig. 1.
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Table 4. Austenit grain.size of rotor shaft.

Part of Testing* Grain size
rotor shaft | position | (Carburized at 925°C X éh)

' S 6°4

A C 62 .
S 6°5
B M 6°2
C 55
S 7°0
D C 6°5

*  §: Surface zone. M: Medium zone
C: Center zone
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Dimension of creep rupture test
specimens.

Fig. 2.
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Table 5. Example of creep rupture strength at 538°C.

TS v.S ' Creep rupture strength (kg/mmb?)
at room | at room
temp. temp. Smooth Notch
(kg /mm?2)(kg /mm?) Lo ’ Stress con- .
at 100h l|at 1,000hlat 1,000h|at10,000h centratio factor
Rotor 'shaft tested 85°0~87°1 64t0~68'9 34°5~41°5(29° O'\'34'047'0’\352‘0‘39'0’\«42'0‘ 4°4
- F. E. WEeRNNERD . . - . . ’ . .
data — 724 41°0 31°5. [ 420 ‘ 28°0 y 400~48
. D. ) — — :
J- D. Gonzap 85°8~87°2/69°3~71"4 385 28°0° | 39°0 ] 26°5. \

7 3°0~8"8

Note: Austenitizing temp. : 954°C.
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Uber Austemt im Stahl mit 9% N1.

Zusammenfassung:

Kiyoshi SEGAWA, Shinichi NAGASHIMA

Shyoz6 SEKINO and,Hamo SHIMADA

. Bekanntlich; der Stahl mit 99, Ni zeigt . gute Kerbschlagzihigkeit bei sehr medrlger Tem-~

peratur unter —190°C.

Es unterliegt keinem Zweifel, daB das bei Abschrecken und Anlassen aufgetretene Austemt

dariiber. eine grofe Rolle spielt.

Jedoch, der ausfiihrliche Mechanismus 16st sich bisher nicht auf. Um diesen Mechanismus -
aufzulbésen, wurde zunichst Austenit elektrolytisch isoliert und eingehend untersucht.

Infolgedessen, wurde es festgestellt, daB Austenit durch die Verwendung des Elektrolyts,
59,Na-zitrat+1°29,KBr+HCl (PH: 5), vollkommen isoliert werden konnte. Da dieses isolierte |
Austenit geringes zementit begleitete, wurde Austenit untersucht, sowohl durch die chemische

Analyse, als auch durch die magnetische Analyse. Daraus wurde es gefunden, daB Nickel
im Austenit als im Grundmasse sich anreicherte. Auferdem wurde es auch vermutet, da

Mangan und Kohlenstoff im Austenit sich anreicherten.

(Received 24 November 1962)
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