TABLE 13.T Sorne Values of Constants for Time-Temperature Parameters’

Manson-Haferd
Sherby-Dorn Larson-Miller -

Material Q kimo e c T. K log t,

Various steels and =400 =20 —_ -
stainless steels
Pyre aluminum and =150 — S —
_ dilute alloys : :

$-590 atloy {Fe base) 350 : 17 172 - 20
A-288 stainiess steel K 20 367 16
Nimenic B1A (Ni base) 380 18 an 16
1Cr-1Mo-0.25V steel 460 2 - 3N 18

* Adapted from N. E. Dowling, Mechanical Behavior of Materials 'Englewood Cliffs, NJ: Frentice Hall, 1893), p. 899,
Table 15.1.
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Figure 13.9 Activation energ’es for creen (stage II) and self-di*Tusion for a
num’' .1 of metals. (Adaptes witu permission from ¢ D. Sherby and A. K.
Miltey, J. Eng. Mater. Technol,, 101 (1979) 387)
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Figure 131, H.u stio between activation energ Do seeondar; creep and ac-
tivation erergy for b viffusicn -5 - waction of tzmperatare. (Adapted
with pe mission from O. D, Sherby and A. K. Mil.ef,.; Eng. Mater. Technol,
101 (1979) 387).
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Figure 13.11 Flow of vacancies according to (a) Zmdnﬁ?ﬁ.ﬁn ing and {b)
Coble mecnznisms, resylting in an increase in the length >{ the specimen.
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Figure 13.12 Lifferent regimes for difivsion creep in alumina; notice that
cations {AP+) and anions (02~} have different diffusion coefficients, lead-
ing t¢ different regimes of dominance. (From A. H. Chokshi andT. G. Lang-
don, Defect and Diffusion Forum, 66-69 (1982) 1205, Figure 8, p. 1217)
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FIGURE 5.25 Larson-Miii>r plot showing S5-590 iron-based alloy data presented in FIGURE 5.28 Correlation of stress rupture data using temperature-compensated time

Fig. $.3. . parameter 8 = fre =& for pure alvminum. (From Y. E. Dorn,'? Creep and Recovery;
reprinted with permission from American Society for Metals, Metais Park, OH, cupy-
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Figure 13.” Relatiouship between time rupture and temperature at three
levels of stress, o,, ,, and o, usiny Aanson-Haferd rarameter
(o, > 0y > o).
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Figure 13.8 Reiationship between time fo rupture and temperature at
three levels of stress, o, > @, > 0,, using Sherby-Dorn parameter.
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Figure 13.5 Relationship “stween time to rupture and temperatuve at
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Fe-based alloy) (C = 17). (From R. M. Goldhoff, Materials in Design Eng.,
 49(1959)93)

O, ksi




300

Al

Sn

Fe

Cu

Zn ™
& Al alloys

< p-brass

A Cd~

« Mg

<« B =[O

208

Grains in thickness (s/1)

1001+ ]

a [ ¥ i |

4 20 40 60 80 160
Egy [E(G5)
Fig. 6. Dependence of proportion of e¢xtension owing to

stiding. upon number of graias n specimen thickness
(&~ 0.1%/hr and T ~ 0.6)

o

(e}

{c}

Boundary

I
;]

T —

Fig. 3. General types of sliding-time curves found for unetched.
- bicrystals, :

Sliding

A
{5} /
PR
(a) 4\ Climb

Pile-up /

o JA

Fig. 8. Sequence of events {2 to ¢) that ma
§ = slip spacing, € = subgrain diameter.

e

g

Migration

100 .
¥ig. 2. Sliding at bounda

4

y lead to boundary sliding and migration.

Fig. 1. Types of bicrystal used to study sliding.

ry oflead bicrystal. Phase contrast,




Egp [Eior (%)

Fig. .. Grain-boundary corrugations caused by creep at 400°F and
6800 psi in aluminum-1.9%, magnesium allov, Preliminary ~reep
“elongation, 9.4%, followed By repolishing and 10.2%, additional Lo
elongation.  Oblique illumination. 6
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Total elongation (%)
Fig. 4. Variation of ratio of grain-boundary sliding to total
- elongation as a function of creep strain for aluminum and

mnp‘nnwwmo:néo_cnwoum:oﬁ?ogmoo:owaﬁoﬂmwaamunmne.oﬂmu
grain sizes. ’

10, High-purity a’; iinuh repolished after preliminary creep
elonigation of 9.8% 2 72" °F and 230 psi, then further clongated 1.6%.
in ereep. Oblique ilumination.

Tig. 5. Rotation and offsets of Bwﬂwﬂ., lines on fine-
grained lead-tin alloy. 6,39, extension in 190 amua.‘
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Fig. 7. Corrugated grain bound- rig. 3.  Aluminum-20%, zinc alloy
’ aries in aluminum-5.19% mag- tested in creep rupture at 500°F.
nesiurn aloy after 10.89 elonga- Rupture tife, 12 hr. Stress direction is

tion at 346°F. Dark-fiel' photo- vertical,
micrograph.
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Cavities in grain boundaries of chromium
{279, extension at 3.2 X 10~%%/hr at 950°C).
(After Wilms. ™} .

Fig. 12.
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Fig. 17

Formation of an r-type cavity by sliding in a grain

boundary containing a jog or ledge (here supposed to have been
formed by crystal slip)
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Fig. 16. Zener’s mechanism for the formation of a
w-type eavity at a grain corner.
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Fig. 13. Dependence of type of cavity upon stress

and

teraperature for Nimonic 90.  (After McLean.™)
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Fig_11. Cavities in grain boundaries of magnesium
(24% cxtension at 0.29} /ap at 225°C).8

Fig. 14.

Cavities and carbide precipitates in a
grain boundary of Nimonic 80A-type
(0.5% extension at 3 X 107365 /hr at 750°C).
{After Weaver, unpubtished work.)

material

i R e B %

Fig. 11. Aluminum-2%, magnesium alloy tested in creep rupture at
500°F and 4000 psi. Rupture life, 5 hr. Stress divection is vertical.

100 g

Fig. 10. QCavities in grain boundaries of copper-2C%;
nickel alloy (229 extension at 1.79;/hr at 400°C).
(after Reid and Creenwnnd 58 .




"

TEMPERATURE (°C)
-200 200 600 1000 1400 1800

-1
0 1 1 T |
Plasticity Alumino A2z03 "pW
b -4

§. d =100
‘W 0~% \ o
8 \ 10% &
| | - ;
@ ; 3
R CawCeedp. -
F’ 10 3L A o
. 5
& &
‘ .
o -
» w04 —/ : »n
2 w
v
s E
i -
3 -2 . 1
o : : B
2 = ‘Boundory-diffusion ; [LoMice diffision -
< of aluminum) of alumini. },ﬁ "

. Jui \

o=+ 1 | o o 10_£i0\ ¢

0 0.2 0.4 [+ 8 - 08 LY

HOMOLOGOUS TEN PERATURE {1/7y)

Figure 13.22 Waertman-Ashby map for 41,0, with a _rain size of 100 pm.
{Adapted from H. J. Frost and ... EAs™ 'y, Deformation-Mechanism Maps,
(Tarry Tov n, NY Pergamon Press, 1982, ~. 100, F. ure 14.3)

©* shb, Acta Met, 20 (1972) 887)

s

Ew v ~THEORETICAL SHEAR STRESS =~~~
DISLOCATION GLIDE _
3 DISLOCATION CREEP.

o
1
~

N

NORMALIZeD. TENSILE STRESS, 076
= o~
i
Q)
2
£~
oy

| CREEP
.
8 b+ ELASTIC REGIME | Ft&gﬁf\mg
i CREEP
t i
1078 bt 10

HOMOLOGOUS TE #WERATURE, T/ ],-M

“uitre 13.20 Weertman-Ashoy map for pure silver, established for a criti-
cai strain rate of 10-¥s7Litcan bese n ow the deformetion-mechan 'm
ficlds are affected by the grain size. (Adapted with permission .11 ME

~ 4

"TIONGSTEN D=loum, p* 4&1@"’}@3

o
™~
5 —e= THEORETICAL STRENGTH—==~—7
o .
o 2l DISLOCATION GLIDE ]
[ i i
l_..
. .
o
B0t 04
Y
w |0'4
[ - \ o
o .
W | COBLEORES: 10—3\\ RN
g | ™9 \ \\
-k 3 NABARRO,
E : /sec QE P
= |0—3 1 i X i i 1 \t i
0 2 4 5 8 Lo}
HOMOLOGOUS TEMPERATURE T/Ty

Figure 13.21 ‘Weertman—Ashby map

for tungéten, showing constant strain-

rate con ours. {Reprinted with pevinission from M. F. Ashby, Acta Met, 20

(1972) 887)




1200
COPPER-ZING 204k
1000 PX; 50um
15 alp
X 800 SLIP
¥
W 806
10 a/o
m“_ 400
B,
20 5 afo
P —TWINNING
T IEs  qma T X i S 00000 187
STRAIN RATE, s
(a)
) .
TITANIUM 100pm
1000 .
O,eq.0.1%
¢ 0
2
Wa 860 10pm
% 460
3
" 200
3um
0 TWINNING
1T 1Es T teaT o1 o 1000 100000 " iy
STRAIN RATE
)

Fig. 9. {a) Calculated mm_uxﬂsm,ua..mm transition for polyerystal Cu-Zn
brasses with grain size 50 umy; {b) calcuiated mzwlss.aé.:.m transition
for titanium with different grain sizes .

TEMPERATURE , o¢

i

200 0 200 400 €00 800 i0go 1200 1400  i600
) m T i H H T ¥ ¥ ¥
o Qeol strength: 0y /s 10t Tisgmium
Drag- contolled e nes: 4= 00.m
‘ Eﬁuzn:wf»
10
. 102
7 I
v
o
k-2 P, 4
= wWer, law Cre
I ok
@ (.7 Cradp) F.n\\
> \ V/CraagY’
< 04
s o /] I ;
- - &
15 ~TREE /O
x  I8/67 oW o/ y \
< B 1inrf [ /5
% _O. L /8 \ > =
W f 9 o
I
I0-8 .
)
_Mox?_mmo:m_ flow
610 107 I
0 0.2 0.4 0.6 0.8 1O

HOMOLOGOUS TEM PERATURE, T/ Ty

Fig. i Enanmsmmi>mrww map for titanium (from Frost and Ashby {57], Fig. 174), d
for 0.1% ©, eq, titanium, .

=100 pm, in which a twinning domain has been inserted




TEMPERATURE {°C)

;200 O 200 400 600 8001000 {200 1400
10 T 1 T 1 ! T

Nickei —1i0%

Dynamic frocture

Ductile transgranular
10-2 - fracture

o

i
T S o A S

Sy
Rupture ™~ 2

. 410
{ dynamic
3 racrystal-
i, iz0tion)

10-3

Fransgranular
creep fracture

104 |- intergranuior
creep frocture

NORMALIZED TENSILE STRESS (o/E)
TENSILE STRESS AT 20°C (MPag)

_o.lu —

} ] i i i
O 0.2 0.4 0.6 .8 1.0

HOMOLOGOUS TEMPERATURE “d‘.«zv
(a)

TEMPERATURE . {TC)
" o 400 200 - 1200 1400 2000
- Tarumina Az, 0,
d = {Oum
DYNAMIC FRACTURE | - SR

TRANSGRANUILAR
REEP FRACTURE

NM R T
{57 POLYCRYSTAL YIELD

C.IMNIm*)

L)

=5

o] INTERGRANUL ARY

REEP FRACTURE

_ i

Ew 'Y see _y

NORMALISED TENSILE STRESS . (%)
TENSILE STRESS AT 20

s 2
_00 . a2 o4 o6 O-B o

HOMOLOGOUS - TEMPERATURE , (/7,,)
(b)

Figure 8.51 (a) Fracture mechanism map for nickel tested in tension; shad-
ing indicates a mixed mode of fracture. (Adapted from M. F. Ashby,
G. Gandhi, and D. M. R. Taplin, Acta Met, 27 (1979), 699, Figure 7, p. 707}
{b) Fracture mechanism map for alumina with grain size of 10 pm.
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ure 21, p. 1591)
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