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THE FATIGUE BEHAVIOUR OF MACROSCOPIC SLAG
INCLUSIONS IN STEAM TURBO-GENERATOR ROTOR STEELS

A. Elsender, R. Gallimore and W. A. Poynton*

INTRODUCTION

A fracture control plan is necessary for any highly stressed component to
cnsure that catastrophic failure will not ensue from the growth of any
natural defects present.

In addition to an accurate knowledge of the components required life,

this plan requires information in three main areas:-

4) an NDT description of the natural defects in the component

b) initiation and growth behaviour of cracks emanating from the natural
defects under the prevailing stress regime and

¢) the maximum size of crack that can be tolerated prior to catastrophic
tailure.

The objective of this paper is to consider the initiation and growth of
fatigue cracks from macroscopic slag inclusions in large steam turbo-
penerator rotor forgings. The NDT description of defects, and the toler-
ance of forgings to cracks are the subject of separate investigations.

COMPONENT

Typical rotor forgings for a 500 MW turbo-generator, Figure L, weigh up
to 10° kg and operate at up to 3600 rpm. Low temperature rotors

(3 42NiCrMoV composition) and high temperature rotors (1CrMoV composition)’
have 0.2% proof strengths of approximately 700 or 600 MPa respectively.
buring the design life of 30 years, the rotors experience 4 maximum of
10* cycles of stop to start operation.

Ultrasonic inspection prior to final machining classifies detfects into

two types:-

a) inclusions that are individually resolvable

b) clouds of irresolvable inclusions, i.e. numerous inclusions within
the beam path.

TEST MATERIAL AND PROGRAMME

Tensile specimens were selected from regions of rotors containing ultra-
sonic defect 'clouds' and were positioned such that the tensile loading
was in the same direction as the hoop stress in the component. The test
surfaces of the specimens were then progressively ground to reveal at

least one inclusion before being polished to optimise conditions for 'on

test' photography and microscopy. Although the defects were ultrasoni-
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cally irresolyable in the initial inspection, it was subsequently found
that the spacings of the defects were sufficient to preclude any fracture
mechanics interactions.

Four tests were performed, two on the 312NiCrMoV rotor steel and two on
lCrMoV. Each specimen was cycled a minimum of 10“ times from zero to the
Maximum design stress for the material. In some tests there was little
evidence of surface damage under these conditions, and the stress range
and/or number of Cycles was therefore increased to promote cracking.

chemical composition of the macroscopic slag inclusions was examined by

energy dispersive X-ray analysis, and all were shown to be of the alumino-
silicate type.

Two aspects of the inclusion behaviour were studied quantitatively:-

a) the conditions governing the initiation of fatigue growth from the
inclusion and

b) the rate of fatigue growth from the inclusion.

INITIATION AND PROPAGATION OF FATIGUE GROWTH

Initiation of Growth from Inclusions
———————22OWth from Inclusions

Fo? fatigue growth from sharp cracks, the threshold stress intensity, AKg
Mst be exceeded. Jerram et al [1] indicate threshold values of 7-9 MPa

m™ for material of this type tested in air with a minimum to maximum
stress ratio of about 0.1.

$tr§ss intensity Tanges calculated for all the inclusions, Table 1
}ndlcaFe that a similar threshold also applies for initiation from
inclusions, Figure 3,

Harkeggrd [2] found that inclusions in hardened and tempered steels be-
haved in a similar manner.

Fatigue Propagation from Inclusions

relationship

d
a

T = C1 (6K)Y (1)

=

Wherg C, and'y are constants. For rotor steels at room temperature, ex-
fon§1Ve tesg}gg [4] indicates an optimum value of y = 3, with

Crp = 8‘x 10 encompassing all available data and C; = 3 x 10 12 rep-
‘esenting a mean line through the data. Since

AK = Cp.A0. 05 (2)

Part III - Fatigue : Micromechanisms
where €, is the appropriate coefficient for ellipsoidal surface or inter-
nal cracks.
“ubstituting equation (2) into (1) and integrating gives,

i Cl{ C23(A0)3N }

5 (3)

Ihe terms in parenthesis were plotted, Figure 4, for the inclusions where
meuasurable growth occurred. The two slopes drawn through the data re-
present the maximum and mean values of the coefficient C; defined above.
Clearly the fatigue growth from inclusions is identical to that from pre-
cracks.

CONCLUSIONS

the initiation and propagation of fatigue cracks from macroscopic alumino-
silicate inclusions in 312NiCrMoV and 1CrMoV rotor forging materials can
be analysed by linear elastic fracture mechanics assuming the shape of the
inclusion is similar to an ellipse.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the active collaboration received from the
CEGB during the course of this work. They are also grateful to C.A.
Parsons § Co. Ltd., for permission to publish the paper.

REFERENCES

L. JERRAM, K. and PRIDDLE, E. K., J. Mech. Eng. Se¢i.s lﬁ. No. 4, 1973,
p.271.
- HARKEGARD, G., Eng. Fract. Mech., 6, December 1974, p.795.
PARIS, P. C. and ERDOGAN, F., J. Basic Eng. (Trans ASME Series D),
85, 1963, p.528.
4, iTNDLEY, T. C. and RICHARDS, C. E., Central Electricity Research Labs.
Report RD/L/R 1804, July 1972.

b

955

I it St

e

4




! O 7

suorsny

AZIS 123490 TYNTA

2ur furureiuon [PTIDIRY T030y

uo sisoj anfriey jo ALaruung I

arqel

dZIS NOISNTONT NOTLAT¥DSTA NOTSNTINT

_ >
— ~
o <
) £ ° +
= £ 2
S -
| + 5 2 :
; £ RS H
_ &) = A2
o o 3]
. 2 m/ o
| —~ 5 3 5
£ > = < o
B \ [e] e = — 2
m _ v =3 Bo
3 z o b
S _ <5 = 8 =
£ = =
. o=z . O 3 2
e | QT < Z & =
= O o ™ @) (&) n 5 ~
) X ~ o @ %) o~ wn
- ¥ o % = ;8
g ™ _ @) . o E
3 O N = & =
i i | o O o] =
B _ @] ] o H =
8 14 B & —
2 : =
1 o 5 M R
~ - & W e
~ _ i — =4 mW./
oy _ a 5
| 9]
< | ‘ o 4
S ! N ~ o
_ = B o
; :
9]
! R = - E
] o 3 ]
| = )
| =) e
oo +
1 R 3]
55 &9
T::/.n.os; 5897 Lz°0 A ,0TX9 6 98¢ - g
| L OTXT L 60s - 8 €10 L9°1 S Lt
| ,.0Tx0z 0T €L P10 0p°1 L0TX9 L 99¢ - g
,0TXT S 608 - 8 20°0 et S o1
210TX00°6 €951 Lz L8°1 L0TX0 6 98¢ - g
L0TXT L 605 - 8 (170 §6¥1 S ST
0Tx9 L 08¢ - g
J A
HIMOYO ON “ ToTxT 5 608 - 8§ 30°0 0,70 s 2
21 0TX55°, 65701 St0 £9°1 ,0TX9 2T |ogg - g
L0TXT 6 60 - 8 €0 £5°1 S 1
2 0TX66" 1 159 06°0 o1z L0TX9 ST |oss - g
LOTXT 1 |60s - 8 €9°0 907 S 71
o 0TX66° L €e o1 €570 £6°1 0Tx9 ZT fogs - g
1 L]
m LOTXT 6 605 - 8 8270 08°1 S 1
01x9 01T [o9gs - g
o 16 ,
i HINOHS. loN A LOTXT 8 le0s -8 | zzeo 771 s ot
BN 2101X87 0T 07°61 €re0 ek L,0TX9 T |ogs - g
R LOTXT 6 605 - 8 zz 0 se°z S 6 AROT
N 0TXS"7 8 ogg - g
h
N EEwS ON A LOTXT 9 [60s - g S0 121 3 8 3
I 0TXS°Z 9 98¢ - 8 @
"
® :,::WNG ON “ LOTXT S 605 - 8 60°0 0z°z El L
3 SSANNDTHL NAWIDAdS ¢ ,0TXS 7 1 logs - g
B SSOMOV HIMOMO uinziﬁ_“ LOTXT 6 605 - § 870 00°7 S 9
3 2 0TXb6"¢ P67 9T 82°0 | o00°s L0TXS "7 8 98¢ - g
& HIMOYO ON LOTXT 9 605 - 8 (170 007 1 5
201X 6 TS S9°0 | s/t L,0TXS 7 01 |ogs - g
HIMOYO ON 0TXT 8 60s - 8§ 020 seg S b
_ L]
01XS°7 0T |o8s - g
IMOYO OF o :
HINOHD, ON A LOTXT 8 605 - 8 0z°0 00°¢ S ¢ AWDT
210TXpE "5 0Lz 59°¢ LOTXE T 2 [sop - g LLo 03 S z AWONZIT €
210TX86°0 661 00°9 LOTXT sz |sop - g ST St S T AWONIT S
~ T (satun 15 un) ¢ 0T x W) (oo™ AW | T, _UNW) (¢ 0T x W) [§-pappaqug
. ~ yifuay SOT242d T ofuey yaduay S-9drFINg oN
w\:lr!ﬁ A:.M 10 ON w SSPIIS  |PAsTTeIION | pasTTemIoN| u0TITSO4 uoTSNIOUT | reTIotRR
zﬂ?iﬁu,



AK;

Fracture 1977, Volume 2

301
GROWTH °
NO GROWTH o
°
20~ °
RANGE OF
.  THRESHOLD
STRESS
. e o o o INTENSITY
o __ e S P
o o
e S o e __
o o o
o o]
C) 1 ] ! ] i ] ] ] ] 1 | [ L L
) 2 4 6 8 0 12 14 16
INCLUSION NUMBER
Figure 3 Initiation Behaviour of Defects
401 —~05-05 = -i2
F{a > } C,=8xI0
0 f
30+ ¢ C,=3x107'2
e o
20- °
d L ] [ ]
10— P * 3 3
L4 CZ(AU) N oy
° > X 10
0 ! | * | | J
0 2 4 6 8 10 12

Figure 4 Growth Rate of Fatigue Cracks from Inclusions
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