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1. Introduction 3. Experimental results on {110} surface

In previous reports l), the authors discussed the Stress axis tested with {110} surface were <110>,
uniformly distributed cracks on copper single crystal <211> and <111>, Table 1 shows the values of
film deposited on plastics, and reported that many
types of cracks were formed on {001} surface and
that a crack formation process, was proposed by ob- R 9,10 1
serving the initiation of cracks. In this report, types % 0.4 \'\ Yo 4'/6,,"‘)’\“\\ ) //
of cracks formed on {110} and {111} surfaces will & N / 7 ‘\ \\\ / R
be reported. 503k N / / M2,3 N Y 7

T (s SN N/
2. Experimental method 3:;0 2r Y \/’ \\,/ / i
|l d 1] ]

Copper single crystals were electrodeposited on pla - 0.1k / “\ ,I\ / . \ / ) /l J
stics as previously reported 1). Fatigue tests were No 7,123 ,', ) \ /
performed by the same machine for reported bending, 0 — 3100' l 6.0_0. ! gooi ! 11200' "1:500' * 180°
frequency was 210 cpm, strmin amplitude ,=1.1X ) ., Angle Wwith [001) direction =~ .
10~ 1.5 X102 number of repetitions N=1X10°~ (0013 (114)(112) (111) (2 @4 (110) ) 012) ooh)
1 X10° unless otherwise stated. Direction of stress axis

Fig. 1 Values of Schmid factor on (1I0) plane

Table 1 Schmid factor of slip system on
single crystal (110) surface

Cross line with Slip system Stress axis
(111) surface - e
(Crack direction | Slip plane | Slip direction No (001) | (114) | (112) {(111) | (221) | (441) | (110)
(110) 1 0 0 0 0 0 0 0
(112) (111) (ot} 2 0.408 | 0.408 [ 0.272 | 0 | 0.227 | 0.333 | 0.408
(101) 3 0.408 | 0.408 | 0.272 0 |0.227 | 0.333 | 0.408
(101) 4 0.408 | 0.227 | 0 | 0.272 | 0.408 | 0.433 | 0.408
(112) (i) (110) 5 0 0 0 0 0 0 0
(o1 6 0.408 | 0.227 | 0 | 0.272 | 0.408 | 0.433 | 0.408
(110) 1 0 |o0.182 (0272 |022|018 |0.08| 0
(1) (101} 8 0.408 | 0.272 1 0.136 | 0 | 0.045 | 0.037 | O
(1103 (o) 9 0.408 | 0.454 | 0.408 | 0.272 | 0.136 | 0.062 | O
(101) 10 0.408 | 0.454 | 0.408 | 0.272 | 0.136 | 0.062 | ©
(I (011} 11 0.408 | 0.272 | 0.136 | 0 | 0.04510.037 | 0
(110) 12 0 |0.182 [0.272|0.272 {018 |0.08| 0
Schmid facter in respect to slip plane, slip direction
* Dept. of Mechanical Engineering and Naval Architec- and stress axis on (110) surface, and Fig. 1 shows
ture, Institute of Industrial Science, Univ. of Tokyo. the relationship, Fig. 2 illustrates crystal - planes,
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Fig. 2 Crystallographic representation on (110) plane.

slip planes and slip directions in fcc. The slip pla-
nes are (111) , (111), (111) and (111). The
cracks appeared along [1127, [112] and [110] ori-
entations which are the crossing lines between (110)
surface and the slip planes.
(1) [110] stress axis

Symmetrical cracks were easily formed in [110]
stress axis. The direction of cracks were along [ 112]

and [112] which are cross lines of (110) surface
and (111), (111) slip planes.

formed 54° 44" with stress axis and cross angle bet-

These directions

ween these cracks was 70° 32 . Fig. 3 shows a typi-
cal crack pattern of this kind at strain amplitude e;=
1.2 x10°%, N=1x10° Fig. 4 shows an electron-
micrograph of the same speciments. This figure in-
dicates clearly that fatigue slips in the order of 300

A in distance appeared on whole surface and that the

Fig. 3 Figure of crack on (110) plane
and [110) stress axis,
e=L2X%107%, N=1xI0°
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ple of the minimum repetition was N =1 x10° for
eo =069 x107%,
(2) [001] stress axis

Since values of Schmid factor are the same as that
of the case in [110] stress axis and eight slip sys-
tems might be activated, it was anticipated that three
directions of cracks along those of [112], [112] and
[110] would be formed. Contrary to the anticipation,
few slip lines could be obserbed, and no crack was
formed at strain amplitude e,=1.38 X107 and N=
3 % 10°. Which are larger values than these of [110]
stress axis. Fig. 5 shows an optical micrograph of
the fatigued surface and this shows a different app-
earance in compared with other micrographs. This
consists of boundaries and dence slip lines. The bo-
undaries were imagined to be sub - grains. An elect-
ronmicrograph in Fig. 6 shows that minute slip li-
nes at intervals of 500 A. Orientation of this slip

Fig. 5 Structure of fatigued surface on (110)
plane and (001) stress axis. Cottrell’s
sessil dislocation worked.

a=138x107°, N=1.5x10°
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Fig. 6 Electron - micrograph of the same
specimen as Fig. 5.

system was estimated as [112] or [112] and [110]
for a crossing slip system. The angle had a devia-
tion of about 5 degrees and the other slip lines had
waviness. This was imagined to be originated from a

strain inside the sub - grains, but a precise mechan-
isms were not clarified.

It was thought that the difficulty in forming cra-
cks in this orientation would be originated from Cot-
trell’s sessil dislocation in which the movement of
dislocation was intercepted at the [001] axis. As

shown in Fig. 7, the dislocations on the slip plane
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Fig. 7 Cottrell’s sessil dislocation
(111) and (111) have Burgers vectors —g—[l[]i]
and %[011] , respectively, and these were resolved
in to directions as follows ;

a - a .03 a 5
5[101] = g[zuj + 5[112]

a 4y a
Slo1] = Z(i21] + £[112]

%[112] and %[112] lie on the specimen surface
(110) and compose a dislocation %[110} ,  which
lies on [110] and prevents slip. Because .of these
strong interactions, dislocation density was increased.
Hardened cells were formed in which two parts with
and without dislocation were divided. The former
was composed of sub-grain boundaries which were

pile-up of dislocations. [n polycrystals, it was

assumed that a crystal in accordance with these con-
ditions could not be an origin of the cracks.
(3) [112] stress axis

Since the maximum Schmid factor was obtained
along [011] orientation on (111) plane and [101]
orientatation on (111) plane, prominent slips and
cracks appeared along [110] orientation which was
a intersection of these surfaces and a single crystal
surface. Since subsidiary slip orientations would be
[011] and [101], a slip system along [112] could
be formed, but this was very weak. Fig. 8 shows a

Fig. 8 Crack formation on (110) plane
and [112) stress axis.
g,=12x107°, N=1x10°

Fig. 9 Electron - micrograph of the same
surface as Fig. 8,

photo- micrograph of these cracks and main slips
appeared along [110] direction. Another slip system
crossing at 26° with the main slips also appeared
and the direction of the slip’ line crossed along a di-
rection of bisecter of (112) and (110). Fig. 9 shows
an electronmicrograph of these slip lines, waviness of
these cracks would come from interaction of two slip
systems.
4) [111] stress axis

Six orientation in which Schmid factors are the
same would contribute to crack formation. However,
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Fig. 10 Crack formation on (110) plane
and (111] stress axis.
ea=1.2x107°%, N=1x10°
the slip planes were not symmetrical,

but much
complicated. Fig. 10 shows a photo- micrograph of
the cracks. Broad and black line was along a [110]
orientation. Its slip planes were (111) and (111)
and crossed with the specimen surface at an angle
of 35° 168°. Fine cracks were linear and along [112]
direction. Its slip plane (111) was vertical to the
specimen surface. Out of three slip planes, [101]
and [011] orientations are common in the specimen
plane. Since [ 110 ] orientation became unbalanced
by interaction of Burgers vector on (111) plane, the
slip lines near the crack was wavy in shape. Fig 11
shows an electron - micrograph of these slip - lines.
This also indicates that these were an initial stage

Fig. 11 Electron- micrograph of the same
surface as Fig. 10,

of the crack formation, that the wavy lines were
along [110], and that these had a certain cross
angle with the specimen surface. Straight slip sys-
tem had a cross angle with the former system at 54°
44" and was along [112] orientations.

4. {111} surface
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Table 2 Schmid factor of slip system on
single crystal (111) surface

ggf‘:éiiﬁ - SIipSs:stem Str_ess axis-
(%ﬁ(élétioﬁ Dlalt?e direcltrion No (101 | (112)
(1102 1 0 0

(1) | (o) 2 0 0

(101) 3 0 0

(101) 4 0 | o027

(110) (i) | c1io) 5 | 0.408 | 0
(011) 6 | 0.408 | 0.272

(110) 7 0 | o027

(1011 (11) | (101 8 0 | 0.408
(0111 9 0 | 0136

(1011 10 0 |0.136

(011) (111) | o) 11| 0.408 | 0.408
| (1101 [ 12 | o.408 | 0.272

Fig. 12 Slip pattern and crack formation by fatigue test
on (111) plane and (112] stress axis.

Table. 2 shows the slip systems and values of Sch-
mid facter for each stress axes. Fatigue tests were
performed on [101] and [112 ] stress axes, and the
result is shown in Fig. 12 for both cases, which sh-
ows slip lines and cracks cossing at 60° each other.
For [112] stress axis, these were formed on two ori-
entations which have larger Schmid facfors.
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