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The Effect of Strain Rate on the Flow Stress of Nig(Al, Ti) Single Crystals

Seiji Miura*, Shouichi Ochiai**, Yoshihiro Oya***,
Yoshinao Mishima**** and Tomoo Suzuki****

Single crystals of Nig(Al, Ti) with selected orientations were deformed in compression at
temperatures between 77 K and 1223 K with strain rates varying from 1.4x107° to 1.4x107%s™?,
in order to investigate the effect of strain rate on the flow stress. Results obtained are as
follows: In the intermediate temperature range where the strength increases anomalously
with increasing temperature, the strain rate dependence of flow stress is very weak. This
phenomenon is likely to be characteristic of intermetallic compounds with L1, structure
which show positive temperature dependence of strength. On the other hand, in the higher
temperature range where the flow stress decreases gradually and {100} slip occurs predomi-
nantly, the strength is very sensitive to the strain rate and shows a normal strain rate depen-
dence. Judging from the magnitudes of activation energy and activation volume for higher
temperature deformation, it is concluded that {100} slip is controlled by the Peierls- Nabarro
mechanism. Equations to relate flow stress and strain rate for {100} slip are derived, and
they well account for the experimental results at all strain rates tested.
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Fig.1 Stereographic triangle showing compres-
sion axes.

Table 1 Orientation factors.

Orientation So Se St R N

A 0.363 0.494 0.465 1.36 | 1.28
B 0.467 0.455 0.400 0.97 | 0.86

So=Schmid factor for(111)[101] slip
Sc =Schmid factor for(001)[110] slip
S¢ =Schmid factor for(010)[101] slip
R=8c¢/Se,N=S5:/8,

Ni, (Al, TH B RORBENCE LZTEREOXE 401

D % (cross slip)®D Schmid ¥ TdH 5. £/ RBLU
NiRE&~L, S, itxdd 3 S, DEBLU S, icxdd 5 S, D
HTH 3.
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Fig.2 Compressive stress-strain curves of
Nij(Al, Ti) single crystals with orientation A
deformed at various temperatures for each strain
rate.
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Fig.3 Effect of strain rate on the temperature
dependence of the flow stress for orientation A.
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Fig.4 Effect of strain rate on the temperature
dependence of the flow stress for orientation B.
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Table 2 Slip planes observed.

Orientation Temperature/K
473 773 873 1073 1173
A (111)* | (11) | (001) | (001)* | (001)
(111) (111)
B (111) (111)* | (001)* | (001)
(001) (111)

* Slips with asterisk were predominant.
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Fig.5 Changes in CRSS for (001) [110] slip sys-
tem with test temperature at various strain rates.
Open marks and closed ones are the results for
A and B orientations, respectively.
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Fig.6 Relation between the effective shear stress

and the shear strain rates at various test tem-
peratures.
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Fig.7 Relation between the effective shear stress
and the shear strain rates in log-log scale at
various test temperatures.
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Fig.8 Effective shear stress dependence of the
activation energy.

SOg T T T T
o A
4sote e B .
1
30 :
(2]
0
~
>
20+ -
By
10| S 1
\ o
o \.\._
0 1 1 1 L
0 20 40 60 80 100
1*/MPa

Fig.9 Effective shear stress dependence of the
activation volume.
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Fig.10 Linear log-log relation between the
activation volume and the effective shear stress.
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Fig.11 Relation between the effective shear stress
and the shear strain rates in square root-log
scale at various test temperatures.



406 B A& RY¥ %% (1987

Table 3 Critical temperature.

é/s7! T./K
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BOZERIINS T, OHfEE BV TK(8 ) HETE
KL > TRDIFERTH B, L TEEREICHT ZER
I A& BOHAIT K> THEBERONE O DI HAD
Schmid RF S, MiciE & A EEMNL V2D TH 5. [EkE
B LT 3 ovF — L BRI AW & DBIRIT DN T
H=H, [1-AT*/ T ] (10)
LT ENMTE R, Fig8DEHFIRA0)»SHELT
BN bDTHOERSEEISHIBELTVAR T bbb,

V. #

i

L1, & BRLAY Ni; (Al, Ti) BERICB Y 32 REIG
1% 1.4x107 55 1.4x1075 ™ OB EEREAT, F72 77
Kb 5 1223 K O BE#HFE THEMARIC K > TH~NKRD X
S 1skERa B,

(1) BXDOIEDOBEREENENZ BERB TIIRS T
BEAEEFREICKELKEY. TORRIILL, BI4EM
EBYDO=r) vy 7R ZDLDDEHTH Y, Kear-
Wilsdorf v v #F v 7' 5 OEAL O Bl A IC IEBIE MR
BBRRICL > TETECEDNERTHEEEZLNS.

(2) BMEIDBBRERLILOBED LT 2BEREL
BEMR) THRIBIFLVEDEREKREELET 5.

(3) FMEEFERIC BV TERLAREL LOER LT
W F— DB AMIGREEOB S, S, {100} XD
DERIFBIEI /A TV ABETH B LM TE 3.

(4) BENEEFERICBD 2EHEAWIET & AMER
ELORFRERLTERRERKD L EMNTE /.

(5) BEDBBAERTRE T, IBEFOHEAI L bE
WEBMIE D, EREEAMA<I00>ICED L iIE2NT
T, DEFEFEREHEIRELCLS.
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