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Plastic Deformation of Iron Single Crystals under Simple Shear

Synopsis:

Akinori MATsUDA

Observations were made on the plastic deformation of iron single crystals subjected to the simple shear
on the single and multiple slip systems to examine the work hardening behavior. When the applied shear
stress was matched to the single slip systems, the easy glide in stage 1 was clearly observed in the stress—

strain curves.

On the other hand, when the applied shear stress coincided with the multiple glide system,

the linear hardening in stage II was clearly recongnized from the early stage of deformation.
To examine the work hardening mechanisms, the strain rate-cycling tests were performed on crystals in
easy glide and linear hardening regions and the average effective and internal stresses were estimated as

a function of strain in these regions.

In the casy glide in stage I, the effective stress is essentially independent of the strain whilst the internal

stress increases with strain.

stress field due to dislocation tangles and cell walls.
is caused by the increase in both internal and effective stresses.

stresses is approximately 2.6.

The work hardening in stage I resulted from the increased long range internal
On the other hand, the work hardening in stage 1I

The ratio of the internal and effective

This result suggests that the work hardening in stage II is associated with

the long range internal stress field as well as the hardening in stage I.
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Fig. 1. Shear stress—shear strain curves for iron
single crystals deformed by shear in [111]
direction on the (112) plane.
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Fig. 2. Shear stress-shear strain curves for iron
single crystals deformed by shear in [111]
direction on the (101) plane.
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Fig. 3. Shear stress—shear strain curves for iron
single crystals deformed by shear on the
(112) plane. Angle indicated on the
curves denotes the angle of shear direction
to slip direction [111].
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Fig. 4. Variation of stress increment (At) with
shear strain in the strain-rate change test.
shearing plane: (112), shearing direction:
[111] (single ship system), 30° from [111]
(multiple slip system), shearing tem—
perature: 300K

|

120 Single slip system T

100

ip system

02 04 06
Shear Strain

Fig. 5. Variation of activation volume (V*) with
shear strain. b: Burgers vector
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Fig. 6. Variation of strain-rate sensitivity expo—
nent (m) with shear strain.
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Photo. 1. Dislocation structures in iron single crystal deformed by shear on the (101) and
(112) planes at 300K,

(A) (101) plane, »=0.86, (B) (112) plane, y=0.93
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Photo. 2. Dislocation structures in iron single
crystals deformed by shear on the (101)
plane at 77K, »=0.78.
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Fig. 7. Variation of applied stress (z,), internal
stress (r;) and effective stress (z*) with
shear strain during deformation by single
slip system.

Shear Stress

-ia,

Multiple slip system

1

1 1 1 1
o1 02 03 04 05

Shear Strain

Fig. 8. Variation of applied stress (r4), internal
stress (r;) and effective stress (7*) with
shear strain during deformation by
multiple slip system.

Hingxchrhko s L, NERGT v Tk 12.6 kg/
mm?2, FRYIES o Tk 4.8 kg/ mm? FEHE XN, W
FHOWWE 7/t*=2.6 THY, LET )R TOEMER
BLoERENHEHoEmcGERT 20 LEZSHh
5. BE, LETZHEET HEAOE GBI LK
TOEABIEOLE R A Photo, 3 TR L722%, ZOHEA
CEWTHEROPNERREE & LT, Photo. 127k L7z
B—d XD RMPEET 255 & [FRIC, S ORR
BEDEREZLTIDTHDH. ZOFREEND, HEHEAER
fBicx LTdh, BEHET0EEOGE LT, vk
WO AU SR L 7- B&i B 72 N BRI 1 MR Lo =R/ % e
THOLEZOLNS.

— 81 —



266 % & W

64 £ (1978) H 25

h(;to. 3. Dislocation structure in iron single crystal deformed by shear on the multiple slip

systems on (112) plane. y=0.52, 300K.
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