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Creep Failure of jet engine turbine blades

Single Crystal

Solidified Structure

Increasing Resistance to Creep Deformation

Creep failure of jet engine turbine blades occurs because the blades operate for long periods at high temperature and
stress, causing time-dependent deformation that gradually changes their shape and reduces aerodynamic efficiency
as well as microstructural damage such as grain boundary cavity growth and microcrack formation
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Thermal activation under stress: Creep damage
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Orowan equation
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Thermal activation under stress: phenomenology
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Work : variation of the internal energy
dW = f,(T ,R,0 )dR, + f,(R,,R,)dR, — & (T ,R,)bldR, + F (T )dx — PdV

if the friction force is zero and

no internal energy variation F,(I')dx=0,(t,R,)btdR, =0

dE =TdS+dW =TdS + f,dR, + fdR, — PdV
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Calculation of Gibbs free energy

dE =TdS+dW =TdS + f,dR, + fdR, — PdV
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Activation volume
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Activation volume

Definition
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Leibniz Integral Rule
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Activation volume

V. =blAR,

area swept by the dislocation
for overcoming the obstacle
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Activation volume: thermodynamics

. 0AG
Classically AV =— )
aP LF, R, (c)
AG,= [ (f,+£)dR,—0,bIAR,
_ . 1 JAG, R, (0)
For dislocations A ===
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o ,P,R G, P.R,

oT d(1/T)
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In most cases fo and f; depend on the shear-stress and modulus u which
allows us to calculate the variation AG, with the temperature
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Effective stress
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effective stress o*=0,—0,
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Experimental measurements of thermodynamic magnitudes
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Measurement of the activation volume
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation volume

V. =kT aln£] SV AT alneoj
. Jo, ).

7 9o,

jump in strain rate relaxation of the stress stress jump
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation energy AG,
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation energy

t

P

Jump In temperature in creep Measurement of the creep rate

at different temperatures
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Dislocations climb
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Geometrical aspects of the climb

& & O &

4 & & -

£ lio

< |&

zo

® QD;

PG e

Mixed dislocation E-b=cosy
Displaced volume V.=tEAD-D'

b=b'—V,=tbsny Q=D N=_siny
the climb is generally obtained by the movement of jogs

— -__ __- —
a —_

17

thomas.lagrange@epfl.ch e www.epfl.che lumes.epfl.che +41 (0)21 6935861



Concentration of jogs
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Climb needs thermal activation

2
dG:Jch — Uy, = len(gj—O'bg’—%
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Bardeen-Herring sources
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2% oversaturation activates 1 um source
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Climb velocity of a dislocation

V:%:C V. fornj jogs

V=ijAv

Av=Av,—Av_  difference in frequency of emission and
absorption of vacancies
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J
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Particular case: jogs on a screw dislocation

Pe o Screw with
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Steady-state creep
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Steady-state creep

&= AbL e
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Frank lattice

Steady-state regime :
O =0, z%x\/K = Aoc[%]
(o o ~2zD,, ob’

2 2
0
éoc — bL—eoc — LZ) Ve
\uJ h (u) ‘" Tl

b
climb controlled by diffusion

s
€= Ao—exp — HS“’)
kT \ kT

In general we use the Dorn law
. H
8=A0'”exp(——

kT )

24

thomas.lagrange@epfl.ch e www.epfl.che lumes.epfl.che +41 (0)21 6935861



	Slide 1: Chapter 9: Thermally Activated Dislocation Motion
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

