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ABSTRACT 

The martensite burst transformation was studied in single 

crystals of iron containing 31. 7o/o nickel. It was found that the mor

phology of the transformation was greatly simplified in crystals that 

had been strained plastically prior to transformation. This simplifi

cation made possible detailed crystallographic studies of the morphol

ogy of the transformation. These studies showed that the autocatalysis 

responsible for the burst transformation had its origin in a·mechanical 

stimulation {cou:pling) between certain variants of the habit plane that 

were geometrically oriented such that the stress induced by transfor

mation on one aided transformation on the others. In both strained 

and unstrained crystals, the most effective mechanical autocatalysis 

was observed to be between groups of four nearly parallel planes whose 

poles clustered about common (110) directions. 

In the transformation of strained crystals, the operation of cer

tain of these g:r;-oups was favored. These were the groups whose planes 

were nearly perpendicular to the active slip plane, but did not include 

the group whose poles clustered about the Burger 1 s vector of the active 

slip system. This behavior was taken to be a consequence of the aniso

tropic substructure introduced during deformation. Because of the 

enhanced transformation by certain groups in strained crystals, the 

frequency of secondary coupling was low, and the regions of the crys

tals that were transformed through the operation of a single group of 

four variants of the habit plane were large. This effect was respon

sible for the simplification of the morphology produced in the burst 

trans~ormation of strained crystals. 
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Introduction 

For many years there was much uncertainty about what consti

tuted the unique and intrinsic characteristics of the martensitic trans-

. formation. In 1955 Bilby and Christian1 set forth two criteria' that have 

proved to be satisfactory for all such transformations thus far observed. 

These two essential features are: the transformation procee.ds in the 

absence of diffusion, and the transformation is accompanied by a macro

scopic shape change·. Greninger and Troiano
2 

were first to pofnt out, 

however, that for steel the homogeneous macroscopic she'ar does not 

account for the total atomic movement, because this deformation cannot 

produce the martensitic crystal structure from that of austenite. An 

additional heterogeneous deformation due to twinning or slip on a fine 

scale is required to take place in the rnartensitic structure in order that 

the atoms are carried to thei~ correct position on the martensite lattice. 

Transmission e lee tron microscopy has recently revealed that the heter

ogeneous deformation can be either slip or twinning. 
3 

Because of the restraint imposed on a freshly nucleated martens

·itic crystal in austenite, the plates usually develop with a lenticular or 

ellipsoidal shape with a characteristic habit plarie parallel to the large 

dimensions of the plate. The nature of the interface that connects the 

·displaced martensite and the austenite is particularly significant since 

it must remain unrotated and undistorted over macroscopic distances. 

This implies that the shear' component of the macroscopic strain must 

lie parallel to the interface, whereas the dilatational component must be 

l 
. 4 

norma to 1t. 

In recent years much progress has been made in describing the 

crystallographic features of the martensitic transformation and the 

natur'e of the interface. A review of these theories will not be given 

here, but rather, the reader is referred to the origin.al work of Bowles 

and Mackenzie, 
5 

Wechsler et al., b:and to the excellent reviews of Bilby 

and Christian
1

' 
7 

for a rationalization of the crystallographic features; 

and to Frank; 
8

· Bilby and Frank, 9 Bullough and Bilby, 
10 

and Knapp and 

Dehlinger 
11 

for the interpretation of the martensite interface in terms 

of dislocation arrays that move through the lattice and produce the 
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necessary atomic adjustments involved in the transformati_<?Ii· • 

<·, ·. _As pointed out above, the formation of a martensite ,plate 1s not 

limited by diffusion and can proceed at great speed (reported to be 
5 . 

10 em/sec or one-third the velocity of sound), even at temperatures 

approaching absolute zero. 
12

• 
13 

These observations have led to the 

conclusion that the activation energy fo·r the growth mechanism is essen

tially. zero and that the kinetic problem is primarily one of nucleation. 

Two different theories of nucleation have been suggested. Orie set forth 

by Fisher et at..
14 

utilizes classical nucleation theory and involves a 
15 

thermally activated nucleus. The other, presented by Cohen et•al., 

assumes the presence in the lattice of certain imperfection arrays, 

t.ermed strain embryos, that already possess a· component.of the strain 

nec.essary. in the transformation, and grow spontaneously as the temper-
4 16 

atJJ.re drops below the Ms. Kaufman and Cohen '·· have recently ex-

t.ended the original strain-embryo concept by utilizing the dislocation 

model due to Knapp and Dehlinger, 11 and show how such an-embryo 

migh_t grow cataclysmically and how it might he thermally'activated at 

. _.constant temperature to form isothermal martensite.' RecenLtransmis-

sion electron microscopy has revealed certain arrays of imperfections 

that may be a~le to serve as nuclei. 17 • 18 It now appears clear that the 

nuclei are formed at preferred sites where conditions are favorable; 

:however, no theory .of nucleation cari be complete until the exact crystal-

-.--lographic.relations describing an "embryo" have been deter'mined. 

Thermodynamic treatments (refer to the recent review by Kaufman 

and Cohen 
4

) of the transformation have shown that the transformation is 

initiated, not at the temperature where the chemical free-energy differ

ence between the austenite and martensite becomes negative, but rather 

at. s:orne lower temperature where additional free energy is available to 

form the necessary surface and to overcome the restraint of the austen

ite lattice. Recently Brook et al. 19 have examined the amount ·of trans

formation as· a function of temperature for a number of steels. Using 

'· · ,t}:le thermddynamic equation of Fisher
20 

and substituting the Kaufman 

... and Cphen21 • 22 '(alue of .6.F("'-a
1
)for Fe-Ni and the value of Fe-Cr 
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. 22 
· · from Kaufman, they have found that the slope of the percent transfor-

mation versus temperature curve below Ms is proportional to o .D.F (y-o.'). 

In other words, the ·increment·. of the transformation occurring fnTa given 

·· ··temperature interval is directly related to the driving force supplied in 

·'the same temperature interval. Although the data for certain steels can 

he made to conform to this relation, it is well known that in highly al

lo'yed steels the transformation does not follow such a simple relation; 

instead, the transformation can be highly autocatalytic. That is, large 

fractions, as high as 80o/o, of the transformation are observed to occur 

in a single burst at or somewhat below the Ms temperature. The role 

of autocatalysis in the transformation in low-alloy steels is not under

stood. 

Machlin and Cohen
23 

have studied the burst phenomenon in a 70o/o 

iron-30o/o nickel alloy and have suggested that the burst transformation 

involves some sort of cooperative movement among several plates- -a 

movement that operates to transform a large fraction of the austenite in 

a single audible click. However, the speculations were not substantiated 

by any experimental work or theoretical analysis. Somewhat later 

Machlin and Cohen24 measured the macroscopic shear direction for tl1.e 

{259} transformation. The shear directions they measured were not in 

the habit plane, and consequently were evidently slightly in error. They 

did, however, note that four of these directions grouped about a common 

[II 0] direction, and speculated that cooperative shear might occur 

amongst them. No definitive experiments have been conducted to date 

to determine the role of cooperative movements in burst formation and, 

as a result, no satisfactory explanation of the burst phenomenon is 

available. 
4 

It is clear that an understanding of the autocatalytic effect respon

sible for bursting is important for the development of a thermodynamic

mechanical relationship that describes .the amount of transformation as 

a function of temperature below Ms, and also for any treatmentoLnuele

ation below Ms. This investigation was therefore undertaken to study 

the transformation in an alloy known to exhibit the burst transformation, 
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1n an attempt to arrive at an understanding of the process .. Preliminary 

experiments with single crystals of austenite iron containing 31. 7o/o 

nickel revealed that plastic strain at room temperature prior to trans

formation greatly simplified the morphology of the burst transformation. 

Large regions of strained crystals were observed to transform in single 

bursts. In each region there .were only four variants of the habit plane 

at acute angles with one another. Unstrained crystals,_ when trans:.:. 

formed by a single burst, had a complex structure composed of many 

smaller less we tl-defined regions. 

Because of the apparent simplicity of burst formation in strained 

crystals; it was decided to study first the burst phenomenon in strained 

crystals and then to extend the work to unstrained crystals, in which the 

burst mechanism is more comple:x. 
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Experimental Details 

An iron-nic kel alloy containing 31. 7o/o n i ckel was selected for in

vestigation since considerable data describing the martensitic transfor

mation in this alloy are available and the transformation is known to 

involve bursting. In addition, the M temperature is conveniently below s 
room temperature . 

Single crystals, 1/4 inch in diameter and up to 9 inches long, 

were grown by using a floating-zone technique. Heating was accom

plished by means of a five -turn concentric i nduction coil previously 

described. 
25 

The atmosphere consisted of slowly flowing helium puri

fied by being pas sed over activated charcoal at liquid-nitrogen temper

ature . The growth rate found to be most satisfactory was 2 inches per 

hour. 

The single crystals were cut to a length of 2d/2 inches and, by 

using the concentric plate-type coil , were welded in helium to end grips 

in order that the crystals could be handled and strained uniformly with

out gripping them directly. The compositi on of the alloy selected for 

the specimen ends (i ron containing 25o/o chroll1ium and 20o/o nickel} was 

one that was austenitic but would not transform- to martensite . Figure 1 

shows a section of a typical weld joi nt. After welding, all crystals were 

given a short anneal at 11 00°C in helium by pas sing the induction coil 

over them at a rate of 5 inches per hour. All crystals were prepared 

in this way, including those whi ch were not strainedprior to transfor

mation. 

Chemi cal analysis of a crystal revealed that segregation of about 

0. 20o/o n ickel occurred during growth . Because of the slight nickel re

distribution during melting and refreezing , all experiments conducted 

to determine the effect of strain on the transformation were carried out 

on pair s of crystals obtained by splitting (spark cutting) a single crystal 

along its axis. Thus two crystals with identic al compositon were ob 

tained, one of which could be transformed in the strained condition and 

the other in the unstrained condition. A comple te analysis of a typical 

crystal is given in Table I. 
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ZN-3292 

Fig. 1. Cross section showing a typical weld between a grip 
and a single crystal. lOX. 
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Table I: Chemical analys i s of a typical crystal. 

Element Weight percent 

Nickel 31.7 5 

Carbon 0.010 

Manganese <0 . 01 

Sili con <0 . 01 

Phosphorus 0.002 

Sulfur 0 . 001 

Chromium <0.01 

All deformations were carried out at room temperature in tension 

in an Instron Testi ng Machine at a rate of 0 . 02 inch pe_r inch per min

ute . 

Crystals to b e used for habit-plane determinations were prepared 

1n the :manner described above , then strained to the desired amount. 

Two faces at approxim ately 90° to one another and parallel to the axis 

of the specimen were then cut on the specimen with the spark cutter . 

Subsequently, an. 0.005- to 0.008- i nch layer was removed by electro

polishing . The specimens were then strained an additional 1 o/o in order 

that the slip traces could be ob served on the polished faces. A typical 

crystal prepared in the manne r descr i bed is shown in Fig. 2. 

The or ientati on of the crystals was determi ned in most cases, 

both before and after strai n , by the Laue back-reflection technique. 

However, in cases where the orientation or magnitude of th e strain was 

such that a large amount of duplex s lip occurred, a poorly defined Laue 

pattern was obtained after strai ning . The final orientation was deter

mined by utilizing the {1 11} sli p trac e s on the two faces. In the former 

case the accuracy was±. 1° and i n the latter about±. 2°. 

The course of the transformati on was monitored by simultaneously 

measuring the temperature and res i stanc e of the specimen as it cooled 

at a rate of 3/4 to 1 degre e centigrade per minute . The procedure was 

as follows : Current leads of a Kelvin double br idge were clamped onto 

the stable austeni tic ends . Potential l e ads and the th e rmocouples were 

spot-welded onto the end secti ons adjacent to the crystal weld. The 
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ZN-3293 

Fig. 2. A typical crystal. 2X. 
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specimen was then inserted into a braas cup containing isopentane and 

equipped with a stirrer. This assembly was placed in a double styro

foam dewar which could be cooled at a controlled rate by allowing liquid 

nitrogen to flow in at a controlled rate . The temperature gradient was 

always less than 1 degree. In cases in which the transformation was 

carried to completion, the crystal was transferred to liquid nitrogen 

after it had cooled to -140°C; L e ., slightly above the freezing point of 

isopentane . The resistance of the specimen was measured alternately 

at liquid-nitrogen temperature and at room temperature until the me as

ured values at each temperature remained constant. This was neces

s ary ai nce it was observed that a small amount of transformation 

occurred on the s e cond quench to liquid nitrogen temperature . The 

magnitude of this effect is illustrated in Fig . 4. 

For cases where the morphology of the burst transformation was 

to be determined, the crystal was cooled until the burst occurred and 

was then immediately heated to room temperature. The :variants of the 

habit plane operating during a particular transformation were deter

mined by means of a two-surface analysis , 
26 
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ZN -3294 

Fig. 3. Macrophotograph of two austenite single crystals that 
have been transformed to martensite. 5X. 
Left: Unstrained before transformation. 
Right: Extended 30o/o in tension at room temperature 

before transformation.. 
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crystals of identical composition. One unstrained, the 
other strained 29o/o prior to transformation. 
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Experimental Results 

As has already been pointed out, preliminary experiments with 

single crystals of this alloy revealed that plastic strain at room temper

ature before transformation had a marked influence on the morphology 

produced during a burst. This effect is illustrated in Fig. 3, which 

shows two single crystals : one (left) was transformed in the unstrained 

condition whereas the other (right) was pulled in tension at room tem

perature to an extension of about 30% prior to transformation. The 

orientation of the strained crystal was such that slip occurred primarily 

on one {111} plane . Over 50% of both crystals transformed in a single 

bur s t. The traces visible in Fig . 3 are those produced by the macro

s copic shear incurred during transformation of austenite to martensite . 

The surface of the unstrained crystal exhibits traces due to many ran

domly orientated variants (24 possibilities) of the · habit plane, wherea s 

that of the strained crystal exhibits a very regular pattern composed of 

only a few variants. 

Figure 4 shows resistance versus temperature curves for a pair 

of crystals obtained by splitting a crystal axially so as to ensure iden

tical composition. One crystal had been extended 29% at room temper

ature before transformation, whereas the other was transformed in the 

unstrained condition. The Ms temperature was raised from -48 . 6 to 

0 * -31.7 C due to the strain . The strained crystal transformed 69 o/o in 

the first burst, whereas the unstrained crystal transformed 85% in the 

first burst. No discernable transformation preceeded these large 

bursts. A difference in morphology similar to that shown in Fig . 3 w a s 

observed in the surface markings of these two specimens . 

*' The percentage of the specimen transformed was estimated by compar-

ing the resistance drop due to the burst with the total resistance drop 

of the specimen after it had been cooled to liquid- nitrogen temperature . 

The comparison was made at the burst temperature. This, of course, 

involves the assumption that the specimen was transformed 100% at 

liquid-nitrogen temperature. For this reason the values should be used 

only for comparisons. 
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Figure 5 shows resistance versus temperature curves for a pair 

of crys tals similar to those described in the preceding paragraph. In 

this case, however, the strained specimen was extended only 5.4% .. The 

strained crystal transform ed 84o/o in the first large burst at -48°C, but 

a very small burst, accompanied by an audible click, preceeded the 

large burst. The unstrained crystal transformed the same amount, 84o/o, 

in the first burst at -49°C . The surface markings due to the transfor

mation were similar on these two samples, except that the regions of 

the crystal showing the regularity produced by the operation of only a 

few permutations of the habit were distinctly larger in the crystal that 

had been strained 5.4%. 

For comparison, two polycrystalline specim e ns (0 . 05-mm aus

tenite grain size), which had been previously annealed in helium at 

925°C for 5 hours and air cooled, were transformed. Although audible 

clicks were heard during the transformation, the resistance versus tem

peratur e curves showed no evidence of large bursts (Fig. 6). 

A crystal whose orientation was such that two slip planes would be 

active during deformation was strained 6 . 4o/o prior to tran s formation, 

and the n was prepared for two-surface analysis . Examination of the 

slip traces . on the surface of the crystal indicated that the two slip planes 

were about equally active during the deformation. This crystal was 

cooled until a burst occurred; then it was i mmediately heated to room 

temperature (Fig . 7). The traces of the habit plane on the surface of 

the crystal (Figs . 8 and 9) revealed that the crystal could be divided into 

a number of regions, each of which had transformed through the opera

tion of only a few nearly parallel variants of the habit plane. The re

sults of a two-surface analysis of this crystal showed that each region 

was made up of four variants of the habit plane that group about a com

mon [11 0] di rection. (Such a set of planes will be termed a "group. 11
) 

Furthermore, only three different groups could be identified in the crys

tal, and most of the crystal was transformed through the operation of only 

two of .these three groups . They alternate in position, CDCDCDCDC , 

along the full length of the crystal (Fig. 8). The crystallographic 
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other strained 5. 4o/o prior to transformation. 
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Fig. 8. Macrophotograph of a crystal that had been strained 
6. 4o/o at room temperature prior to transformation. 2X. 

ZN -3289 
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ZN-3295 

Fig. 9. Macrophotograph of a crystal that had been 
strained 6. 4o/o at room temperature prior to 
transformation. 4. 5X. 
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position of the three groups, as well as that of the two slip planes and 

slip directions, are plotted on the stereogram of Fig . 10. 

A second crystal, prepared as described above for two-surface 

analysis, was strained 3 2o/o at room temperature. The orientation of 

this crystal was such that slip during deformation occurred on two slip 

planes, and one plane had been much more active than the other . This 

crys tal was cooled until a large burst occurred (Fig. 11 ); then it was 

immediately h eate d to room temperature. A single burst occurred at 

-35°C, in which 75o/o of the crystal was transformed . Visual examina

tion of the crystal after transformation revealed that it could be divided 

into five regions (Fig . 12), each of which contained four prominent var

iants of the habit plane . Two regi ons located at opposite ends of the 

crystal were transformed by the operation of the same set of four vari

ants of the habit plane . The volume of each of these two regions ac

counted for about 35o/o of the total volume of the crystal (region A in 

Fig . 12) . The other three regions, each of which accounted for about 

10o/o of the volume of the crystal (r egions B, C , and Din Fig. 12) , were 

grouped in the center of the crystal. Macrophotographs showing the 

structure of this crystal are shown in Figs. 13 and 14 in order that they 

might be compared with those of the transformed unstrained crystal 

shown in Figs. 15 and 16 . 

The results of a two-surface analysis of the crystal shown 1n . · 

Fig . 12 are plotted on the stereographic projection given in Fig. 17 . 

Each region consisted of four prominent variants of the habit plane 

grouped about a common [11 0] dir e ction . The morphology differed from 

that observed in th e crys tal strained 6 .4o/o prior to transformation, in 

that the individual regions were much larger and, consequently, fewer 

regions formed in the crystal during the burst. The ori e ntation of the 

groups involved in the transformation relative to the two active s lip 

planes and slip direction was similar in both crystals (compare the rel

ative pol e positions in Figs . 10 and 17) . 

A third crystal prepared for two-surface analys is was strained 28 o/o 

at room temperature prior to transformation . The orientation of this 
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MUB- 1305 

Fig. 10. Results of a two-surface analysis of a crystal that 
had been strained 6. 4o/o prior to transformation. Groups 
A, C, and D correspond to the regions indicated in 
Fig. 8. 
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ZN -3286 

Fig. 12 . Macrophotograph of a crystal strain ed 32% at 
room temperature prior to transformation. Five 
separ a te regions, each with four variants of the 
habi t p lane, are delineated. 2. 5X. 
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Fig. 13. Macrophotograph of the surface of a crystal, that 
had been strained 32% at room temperature prior to 
transformation. 1. 3X. 
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ZN -3296 

Fig. 14. Macrophotograph of a crystal that had been strained 
32% at room temperature prior to transformation. 4. 5X. 
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ZN-3287 

Fig. 15. Macrophotograph of the surface of a transformed 
unstrained crystal. The transformation curve is shown 
in Fig. 4. 3X. 
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ZN-3288 

Fig: 16. Macrophotograph of the surface of a transformed 
unstrained crystal. The transformation curve is shown 
in Fig. 4. 8X. 
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Fig. 17. Stereographic plot of habit planes identified in 
regions A, B, C, and D of a crystal (Fig. 12) strained 
32 o/o prior to transformation. These r egions formed 
in a single burst (Fig. 11). 
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crystal was such that a large amount of duplex slip occurred during 

deformation and, in addition, a number of deformation bands involving 

a third slip plane were vis i ble on the surface . The transformation curve 

is shown in Fig. 18. In this case 52o/o of the transformation occurred in 

a single burst and the large burst was preceeded by several very small 

bursts. Only one prominent region was identified in this crystal; the 

associated variants of the habit plane identified in this region are 

plotted in the stereographic projection shown in Fig . 19. 

The orientation of the groups plotted in Figs. 10, 17, and 19 have 

a number of features in common. Specifically, in each crystal there is 

a group that contains four variants of the habit plane that are nearly per

pendicular to two active slip planes. In addition, all other groups, with 

one exception, ar e nearly perpendicular to one of the active slip planes, 

and in no case was a group formed whose poles clustered about an active 

[110] slip direction . In all cases, the size of the burst, as measured by 

the percentage drop in resistance, was reduced by prior plastic strain. 

The observation that the groups formed perpendicular to an active 

plane was also evident in three other crystals that had been strained 

prior to transformation. Although these crystals had not been prepared 

for two-surface analysis , the relative orientation of the slip lines and 

the variants of the habit plane was apparent from their surface traces. 

The frequency of these observations i s considerably higher than that ex 

pected by chance . 

Two experiments to determine the effectiveness of the auto

catalysis respons i ble for burst transformati on were conducted . In the 

first, a single crystal 2-1/2 inches long was cooled slowly while a tem

perature gradient of about 1 0°C per inch was maintai ned along its length. 

The transformati on (almost 80o/o ) was uniform along the length of the cry

stal and occurred in a single burst, despite the fact that nearly all of 

the crystal w~s above the normal Ms terpperature when the burst oc

curred . . Tlfe traces of the habit plane on the surface of th e cylindrical 

crystal were s·imilar to that of the crystal on the left in Fig . 3; i.e. , 

the morphology appeared random . 
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Fig.· 18. Resistance vs temperature curve for a crystal 
that had been strained 28o/o at room temperature prior 
to transformation. The crystal was heated to room 
temperature after first large burst. Subsequently, it 
was completely transformed. 
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Tensile axis 
before 
deformation 

Fig. 19. Stereographic plot of the variants of the habit plane 
identified in a crystal strained 28o/o at room temperature 
prior to transformation. The region plotted was formed 
in a single burst (Fig. 18). 

MUB-1307 
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In the second experiment a crystal was split along its axis in the 

manner previously described. One crystal was transformed in the un

strained condition, whereas the other was compressed 30o/o locally near 

one end in order to provide nucleation above the M temperature of the 
s -

remaining unstrained length (2-1/4 inches) of the crystal. Both crystals 

were cooled until a burst occurred; then were immediately heated to· 

room temperature. The transformation curves are shown in Fig. 20. 

The crystal that had been strained locally transformed about 12°C 

higher than the unstrained crystal, and the size of the burst was con

siderably reduced. Examination of the surface of the two crystals 

revealed that the crystal that had been strained locally had transformed 

uniformly along its total length, but the density of martensite plates was 

not as high as that in the unstrained crystal. The morphology of the 

crystal strained locally was somewhat more regular than the unstrained 

crystal, but did not compare with the regularity observed in crystals 

strained uniformly prior to transformation. 

The habit plane observed in this study was irrational and scat

tered about the {10 3 15}. For purposes of discussion it will be denoted 

as such. 
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Unstrained crystal 

~o---+--1Crystal strained 30% 
in compression locally 
near one end prior 
to transformation 

20 0 -60 -80 -100 -120 -140 -160 -180-200 
T e m per a t u r e ( oc) 

Fig. 20. Resistance vs temperature for two crystals of 
identical composition. One unstrained, the other 
strained 30o/o in compression locally near one end 
prior to transformation. 

MUB-1316 
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Discus'sion of Results 

The distinctive geometric grouping of four nearly parallel vari

ants of the habit plane that cooperate totransform large regions of a 

strained austenite single ·crystal in a burst suggests that the planes in 

such a group may mechanically catalyze transformation on one another. 

This autocatalytic effect is apparently highly restricted to four planes 

grouped about a common [11 OJ direction, and rarely extends outside the 

group to the other 20 potential variants of the habit plane. It confers a 

degree of regularity upon the transformation that has not been previously 

observed ih unstrained austenite crystals. 

In addition to the regularity of the morphology of transformed 

strained single crystals, the orientation relationship between the direc

tiem and plane of slip and the groups of four variants of the habit plane 

which cluster about common [110] directions also has certain distinctive 

features. First, the.groups tend to form that are nearly perpendicular 

to the slip 'plane, and the group that is nearly perpendicular to both slip 

planes is especially favored. This group was observed in all three 

strained crystals that were transformed (Figs. 10, 17, and 19). Second, 

those groups that are oriented such that the four variants of the habit 

plane are nearly perpendicular to a slip plane, and at the same time 

nearly perpendicular to the slip direction, are conspicuously absent in 

. the three strained crystals that were transformed. These observations 

are' part of a pattern which can be summarized as follows: 

1. In strained crystals, the four variants of the habit plane that 

group about common [110] directions catalyze one another and 

transform large regions of the crystal during a burst. 

2. The higher the prior strain, the larger are the individual re

gions containing only four variants of the habit plane. 

3. The higher the strain, the smaller the amount of transforma

tion that occurs autocatalytically in a burst. 

4.. Certain groups are favored in the transformation of a strained 

crystal; these are the groups that are nearly perpendicular to 

the slip plane. 
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5. Of the groups that are nearly perpendicular to the slip plane, 

the one made up of four variant.s of the habit plane that are 

nearly perpendicular to the slip direction is restricted. These 

groups were never observed in strained crystals. 

The first of these observations can be interpreted in terms of a 

cooperative shear, provided that the angles between the planes as well; 

as the shear directions in each are known. The former are, of course, 

known; however, the shear direction in each must be arrived a.t indi

rectly. The {1 0 3 15} habit has also been observed in two alloys similar 

to that used in this work. Greninger and Troiano
2 

made precision meas

urements of the habit plane, orientation relations, and direction and 

magnitude of the macroscopic shear in an iron alloy containing 22o/o 

nickel and 0.8o/o carbon. The observed habit was (10 3 15) with a macro-

* scopic shear direction of [0.73:j.5, 0.3828, 0.5642]. The theory of 

Wechsler et al., 
6 

as well as the prism-matching technique of Bilby and 

Fra:.nk, 9 predicts a (10 3 15) habit and a [0.7660, 0.2400, 0.5964] shear 

direction. The tatter shear direction differs from the experimental 

value by 8.6°; however, because of the experimental difficulties in

volved in the measurement of the direction, . the agreement is consid

ered good. 
6 

Machlin and Cohen
24 

measureq the macroscopic shear and 

habit plane for iron containing 30o/o nickel. The habit plqnes they ob

served scattered about the (9 22 33), which is 3.3° from.the (3 10 15); 

the shear direction they measured was [l 56]. They assumed the direc

tion of motion to be in the (111) plane rather than the habit plane, and 

therefore the measured direction•:can be taken to be the projection of 

the true direction in this plane. Although there is some ambiguity in 

the Machlin-Cohen analysis, the directions .they measured are consis

tent with the theoretical and experimental evidence quoted above, 
2

• 
6• 9 

iri that the directions group.closely (within 10°) of ,a common [110] 

>!< 
For convenience in computation·, the direction is expressed as a unit 

vector having non-integral indices. 
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habit plane. for iron containing 32.5o/o nickel was {1 0 3 15}. Both theo

ries 
6

• 9 predict the same habit plane and a [0. 7660, 0.2400, 0.5964] 

,. macroscopic shear direction. Based on the evidence quoted, we will 

use (1 0 3 15) [0. 7660, 0.2400, 0. 5964] as the habit plane and hom ogene

ous shear direction in the following discussion and in the interpretation 

of the results reported here. 

~ j .. · .. 

By considering the influence of a stress on the transformation, 

the autocatalytic effect observed in the burst transformation of the 

strained crystals used in this investigation can be rationalized. Patel 

and Cohen 
28 

pointed out that interaction between mechanical energy 

supplied by an applied stress and the chemical free energy of the reac

tion can influence the transformation significantly. They took the com"" 

ponent of the applied stress acting parallel to the shear and dilatational 

displacements of the transformation, and algebraically added the me

chanical work done by the load stress on the transformed region to the 

c.hemical fr.ee-:energy change of the reaction. The total was used to 

c.alculate and check the alteration in the Ms temperature produced by 

an externally applied stress. In our case, however, no external stress 

, ·I~ was involved. The stress that must be considered is induced in the aus

· ·J.enite crystal by the formation of a plate of martensite, rather than by 

an externally applied stress. 

:In an. unstrained crystal, we need only consider the stre's s pattern 

introduced:by the formation of a martensite plate. A strained crystal, 

on the other hand, already contains a complex residual stress pattern 

which, in the vicinity of dislocation pile-up or tangle, may he· substan-
. 29 4 

ti-ally above the macroscopically observed yield stress· (2.5 X 10 psi). 

We shall assume that dislocation tangles develop as a crystal is strained, 

, and estimate that they give rise to local residual stresses on the order 

£10 5 . 29,30,31 . h h dt, o .. ps1. . It 1s t ese local stresses t at are assume o oe 

fes'ponsible for the observed increase of Ms temperature due to prior 

plastic strain. The local residual stresses, though they may be sub-
. -2 

:,stantiaL, have .strains associated with them that are smaH 1 (10 ) when 
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compared with the strains introduced into the matrix by the formation 

of a martensite plate. The shear strains introduced by such a plate are 

b 0 ·2 · 6 • g; 28 w· h d h f d h · a out .. · · · · e s all procee , t ere ore, un er t e assumptlon 

that the residual stresses introduced by plastic strain prior to transfor

mation are :easily overwhelmed by the stress introduced by the forma

tion of a martensite plate, and that it is this latter stress that produces 

the mechanical autocatalysis. 

Let us select a potential habit plane at random, e. g., (10 3 15), 

and consider the shea:r stress induced on other potential habit planes in 

the surrounding crystal by the formation of a martensite plate on this 

plane. To aid in visualizing the 24 permutations of the {10 3 15} habit 

plane, together with the corresponding direction of homogeneous macro

scopic shear, refer to Fig. 21. The macroscopic shear strain associ

ated with the formation of a martensite plate on (10 3 15) will induce a 

large shear stress in the surrounding austenite. Those variants of the 

habit plane which lie either nearly parallel to or perpendicular to the 

plate will have the largest resolved shear stress induced upon them. 

If, for any of these planes, the direction of the macroscopic shear 

strain associated with transformation is close to that of the direction 

of the induced shear stress, the mechanical energy available can effec

tively raise the Ms temperature and induce spontaneous transformation 

on them. If we resolve the induced shear stresses, a , and q onto 
xy Y?'. 

each potential habit plane in the direction of the macroscopic transfor-

mation shear, we obtain a shear stress on each plane: • 

where 

a cos e cos q, + a cos p cos o, xy yx 
( 1 ) 

(j is the angle between the X plane On which the shear stress a 
xy 

acts and the plane of interest, 

<j> is the angle between the y direction in which a acts in the 
xy 

x plane and the d1rection of interest in the given plane, 

p is the angle between the y plane on which a acts and the plane 
yx 

of interest, and 

6 is the angle between the x direction in which a acts in the 
yx 

y plane and the direction of interest in the given plane. 
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Zl. S~hematic illustrati~~ of the 24 permutati~~s of 
{1 0 3 15} and the macroscopic shear direction 
associated with the martensite transformation on 
each. · 
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For the case at hand, the x plane is the (10 3 15), they direction is the 

[0.7660, 0.2400, 0.5964], they plane is the (0.7660, 0,.2400, 0.5964), 

and the x direction is the [1 0 3 15]. The given planes and directions are 

those of Table II. 

Since a and a are equal, the variant of the habit plane oriented 
xy .·. yx 

such that the factor* 

cos e cos <1> + cos P cos o (2) 

1s a maximum will be catalyzed most effectively by transformation on 

(10 3 15); i.e., these planes will be most closely "coupled11
. to the first. 

Using the data of Table II, we find that two types of strong mechan

ical coupling are possible. One type occurs on planes nearly parallel 

to the particular variant of the habit plane on which transformation was 

initiated, and the other occurs on planes perpendicular to this plane. 

If the surfaces of unstrained and strained crystals that have been trans

formed in a burst are examined closely, we find, however, that paralLel 

coupling is always more effective. That is, the structure of a strained 

crystal as well as that of an unstrained crystal is composed of regions 

in which a large number of nearly parallel plates are forme<;!_ before the 

sequence is interrupted by the formation of a plate making large angles 

to the first. When this happens, a second region of nearly parallel 

plates is nucleated. (This will be termed secondary coupling.) In 

strained crystals this effect is particularly evident and single regions 

involving only parallel coupling have been observed to consume about 80o/o 

the total volume of .the crystaL We are led therefore to the conclusion 

that, in spite of the high coupling factor to the perpendicular planes, the 

importance of perpendicular coupling in burst transformation in strained 

crystals is in some way limited. 

If the physical situation is examined, we find that, while parallel 

plates may shear in sympathy with one another by translating the inter

vening block of austenite in the same direction, this is not physically 

pos.sible for perpendicular plates. In order for effective 11 perpendicular 

* This will be termed the coupling factor. 



Plane 

I5 3 10 
I5 3 10 

15 3 l 0 

15 3 ro 
i5 10 3 

3 i5 10 

15 ili 3 

3 15 l 0 

3 i5 10 

I5 ili 3 

15 l 0 3 

3 15 10 

ili 15 3 

10 I5 3 

ili I5 3 

l 0 15 3 

3 f5 15 

3 10 15 

3 ili 15 

3 l 0 15 

ili 3 15 

ili 3 15 

l 0 3 15 

Table II. Tabulation of angles ·pertinent to the bu,rst transformation 
:initiated.on the (10 3 15) plane. 1 

Macroscopic .. 
shear direction11 

c: b a 
c: & a 
c b a 
c & a 
c; a & 

b c: a 
cab 

b c a 
5 c a 
c a b 

c a & 
& c a 
a c b 

a c b 

.a c b 

a c & 

b a c 

b a c 

b a c 

& a c 

abc 

a b c 

a b c 

.e 
91°32:_' 

88° 2.8' 

2.9° 2.3' 

2.2. 0 19' 

-· _<!>__ cos e cos<j> 

102. 0 58' 

77° 2.' 

60° 2.4' 

60° 2.4' 

66 ° 1 o• 
113°50' 

47° 39' 

47° 39' 

90° 52.' 

72. 0 35' 

107° 2.5' 

55° 2.0' 

4 7° 39' 

47° 39' 

119°36' 

31° 2.6' 

66° 2.1' 

69° 41 1 

86° 42.' 

93° 18' 

13° 47' 

31° 7 1 

119° 50' 

60° 101 

38° 2.4' 

38° 2.4' 

82. 0 32.' 

97° 2.8 1 

65° 25' 

65° 25' 

29° 11' 

125° 56' 

54° 4' 

107° 30'' 

1l<l
0 

50' 

110° 50' 

89° 19' 

136° 20' 

80° 1 1 

73° 13' 

18° 54' 152° 14' 

-0.0015 

-0.0015 

+0.8462 

+0.7919 

+0.1117 

+0.1Il7 

+0.3871 

+0.3871 

+0.0525 

+0.0525 

+0.2803 

+0.2803 

-0.0131 

-0.1757 

-0.1757 

-0.1710 

-0.2396 

-0.2396 

-0.0059 

-0.6172. 

+0.0696 

+0.1003 

~0.8372 

p 

174° 6' 

5° 54' 

7 4° 45' 

70° 1 1 

126° 32' 

130° 28' 

66 ° 2 7' 

104° 47' 

113° 26' 

149° 5' 

48° 32' 

90° 12.' 

108° 40' 

82° 52.' 

135° 34' 

58° 47 1 

119° 41' 

118° 56' 

138° 18' 

103° 26' 

150° 20' 

161°27' 

96 ° 18' 

156° 17'. 

23° 43' 

105° 15' 

109° 59' 

130° 28' 

126° 32' 

75° 13' 

113° 33' 

149° 5' 

Il3° 26' 

89° 48 1 

131° 28' 

71° 20' 

1,35°34' 

82 ° 52. 

121° 13' 

. 61° 4 1 

60° 19' 

41° 42' 

76° 34' 

29°40' 

18° 33' 

.83°42' 

(cos e cos <j>+ 
cos p cos 6 cos p cos 6) 

+0.9107 

+0.9107 

-0.0692 

-0.1168 

+0.3864 

+0.386.4 

+0.1019 

+0.1019 

+0.3411 

+0.3411 

+0.0024 

+0.0024 

-0.1024 

-0.0888 

-0.0888 

-0-.2685 

-0.2396 

-0.2396 

-0.5574 

-o:o540 

-0.7550 

-0.8987 

-0.0121 

+0.9092 

+0.9092 

+0.7770 

+0.6751 

+0.4981 

+0.4981 

+0.4890 

+0.4890 

+0.3936 

+0.3936 

+0.2827 

+0.2827 

-0.1155 

-0:2645 

-0.2645 

-0.4395 

-0.4793 

-0.4793 

-0.5633 

-0.6712 

-0.6854 

-0.7984 

-0.8493 

iAngles, 8, between the (10 3 15) plane and indicated variants of {10 3 15}; angles, <j>, between the 

[0.7660, 0.2400, 0.5964} direction in (10 3 15) ;and the appropriate permutation of this direction in the 

indicated {10 3 15} plane; angles, p·, between the (0.7660, 0.2400, 0.5964) plane and the indicated variants 

of {10 3 15}; angles,.'6, between the [10 3 15] direction in the (0.7660, 0.2400, 0.5964) and the appropriate 

permutation of.'[0.7b60, 0.2400, 0.5964} in. the indicated variant of {10 3 15}. 

iiThe shear directions have bee'n abbreviated as follows: a= 0.7660, b = 0.2400, and c 0.5964. 
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coupling11 to occur, the second plate would have to shear through the 

first, thus producing a structure at the intersection that is neither aus

tenitic or martensitic (refer to Fig. 22). Because of this interference, 

a new perpendicular plate must form on the side of the original plate, 

Since the stress field induced by the formation of a martensite plate will 

be disc-shaped, a variant of the habit plane that is nearly perpendicular 

to the original plate will have only a small portion of its area in the 

highly stressed region adjacent to the original plate, and will therefore 

be less effectively coupled to it (Fig. 22; mode depicted on right). On 

the other hand, those variants of the habit plane that are nearly parall~l 

to the original plate will have a relatively large area in the stress field 

and, as a result, will be more effectively coupled to it. 

We shall proceed therefore by examining parallel coupling in de

tail. Returning to the example of initial nucleation on the (10 3 15) 

plane and referring to Table II, we find that the two planes nearly par

allel to the (10 3 15) that are most strongly stimulated by the shear 

stress induced by transformation on the (10 3 15) are the (15 3 10) and 

the (15 ~ 10). These two planes have coupling factors of 0.7770 and 

0.6751, ~espectively. Continuing with the same reasoning, a similar 

calculation shows that transformation induced on the { 15 3 1 0) and 

(15 3 10) by the formation of the first plate on (10 3 15) will induce 

transformation on the (10 3 15) and on the original plane, (10 3 15). It 

will aid at this point to refer to Figs. 23 and 24, which illustrate the 

relative shear on these four planes and their position on the stereogram. 

Both the (10 3 15) and (10 3 15) couple strongly (the factors are 0.7770 

and 0.6751) with the (15 3 10) and (15 3 10), thus forming a cycle that 

involves only four nearly parallel habits that group about a common [110] 

direction. We shall call this type of coupling VYparallel coupling. VY A 

schematic illustration of parallel coupling is shown in Fig. 25. This 

type of coupling is observed to be the most effective in autocatalysis. 

A macrophotograph illustrating this type of coupiing is shown in Fig. 26. 

If perpendicular coupling were to occur in this case, a second 

group of four variants of the habit plane would be nucleated. These are 
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MU-27985 

; Fig. 22. Schematic illustration of two cooperative shears 
involving perpendicular coupling. The mode depicted 
on the left is restricted because of the interference 
of the first plate. The mode on the right is ineffective 
because the second plate lies predominantly outside 
the stress field of the first. 



-42- • 
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(15 3 10) (15 3 10) 
---.,. 

[ 0.5964, 0.2400,0.7660] [0.5964, 0.2400, 0.7660] 

(10 3 15) (10 3 15) 

[ 0.7660, 0.2400, 0.5964] [ o="".7=6:-::6=o, o.2400, o.5964] 
X 

Fig. 23. Schematic illustration of a group of four planes on 
which cooperative shear occurs during- the burst 
transformation of an austenite crystal. 

MU-27986 
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•(310 15) • 

• • (3 15 10) 
(3 15 10) 

0 

(IO 3 15) (10 15 3) 
• 

0 

(15 3 10) 
(15 10 3) 

(15 10 3) 

MUB-1309 

Fig. 24. Stereographic projection showing the macroscopic 
shear directions associated with four variants of the 
{10 3 15} plane. The four variants whose great circles 
are depicted are the (10 3 15), (10 315), (15 310), and 
( 15 3 1 0). The small circular dots, 0 and e, on the 
great circles are the associated macroscopic shear 
directions (Q) are negative). The poles of the planes as 
well as the shear directions group about common ( 110) 
directions. 
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Austenite 

(15 3 10) (10 3 15) 

[o 1 o] 

[I 0 I] 

Fig. 25. Schematic illustration of the cooperative shear 
involved in parallel coupling. 

MU-27987 
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a 

b 

ZN-3291 

Fig. 26. Surface tilts due to a burst transformation in a 
crystal strained 32% prior to transformation. 250X. 
(a) Illumination from right, (b) illumination from left. 
The traces are due to four variants of the habit plane 
whose poles group about a common lllO] direction. 
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the ( 15 3 1 0) and the ( 15 3 1 0), which are stimulate d by perpendicular 

coupling to the (10 3 1 5); and the two other planes , the (10 3 15) and 

(io 3 15), which are stimulated by perpendicular coupling to the (15 3 10) 

and the (15 3 10). These .if our planes group about a common [110} direc

tion (Fig. 24) a·nd are coupled amongst themselves by parallel coupling. 

It is seen therefore that perpendicular coupling would occur between 

pairs of groups whose common <110) directions lie m a {001} plane. 

The ineffectiveness of perpendicular coupling 1n strained crystals 

is further demonstrated by examining the morphology of the crystal that 

had been strained 6.4o/o prior to transformation. The traces of the habit 

plane on the surfac,e of this crystal (Fig. 8) revealed that about 90o/o of 

its volume was transformed through the operation of two groups, C a nd 

D , which alternate, CDCDCDCDC, eight times down the length of the 

crystal. The relative or i entation of these two groups is shown in Fig. 10 . 

Th e c oupling between these two groups is not perpendicular coupling, 

but rather coupling to v ariants of the habit plane of intermediate orien

tation. This type of coupling to groups located adjacent to common [111] 

directions will be termed 1' cross coupling. " The coupling factors in

volved in this type of coupling are less than 0 . 5. 

It is apparent that i n strai ned crystals mechanical autocatalysis 

1s by far most effecti ve between variants of the habit that are stimulated 

by one another through paral.lel coupling. Observations of occasional 

coupling outside such a group in c ases where either cross coupling or 

perpendicular coupling would i nvolve groups perpen dicular to a slip 

plane (the crystal strained 6.4o/o) indicat es tha t cross coupling is more 

likely than perpendicular coup ling . 

We have yet to cons ider the influence that prior plastic strain has 

on the morpholog y of the burst transformation. A s h a s b een pointed 

out, plastic strain prior to transformati on plays a striking role in burst 

transformati on by enhancing nucleati on on certai n variants of the habit 

plane a 'nd/or inhibiting growth on oth e rs . The net effects that were 

observed were : (a) an increase in the M.s tem perature , which undoubt

edly ~s a nucleation effect, (b) a decrease in the total number of variants 
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of the habit plane that operated during the burst, and (c) a decrease in 

the amount of transformation in a burst.:.-a phenomenon that may be as

!5 o,ciat~d with the growth Pl7 oc e s s. 

In order to completely rationalize these effects, it would be neces

;sary to know the exact nature of the defect structure and the associated 

stress pattern introduced by the plastic deformation. :Although we can

not hope to know the exact details of this defect structure, there are 

some general statements which can be made about it. In all face

centered cubic metals that have been studied, broad three-dimensional 

tangles of high dislocation density are formed at high strains. 
32 

These 

three-dimensional tangles are made up predominantly of dislocations 

with the Burger's vector of the active slip system. It is clear there

fore that the defect structure is not an isotropic one but rather highly 

anisotropic. Furthermore, the associated stress pattern will also be 

highly anisotropic. It is this substructure that we have assumed to be 

responsible for the increase in Ms temperature with plastic deforma

tion. Thus we are forced to conclude that, because of the anisotropic 

nature of the substructure, the enhanced nucleation responsible for the 

increase in Ms temperature is also anisotropic. Because of the aniso

tropic,n.ature of the enhanced nucleation, the formation of certain groups 

will be. favored. 

We must also consider that in strained crystals the growth of 

martensite plates might also be anisotropic. Studies of the morphology 

of martensite plates in polycrystalline ausformed iron-nickel alloys, as 

well as in steel, have revealed that decorated slip bands and grain 

boundaries are likely to be impermeable barriers to growing martens

ite plates. Twin interfaces and undecorated slip bands may be semi

permeable to martensite and, as was observed in these experiments, 

are most easily penetrated at right angles. 
33 

Thus it is evident that 

the growth along those variants of the habit plane which lie most nearly 

perpendicular to the slip plane will be favored, whereas those planes 

nearly parallel to the slip plane will encounter maximum resistance by 

the high concentration of debris lying in the slip plane. 



/ 

It is seen therefore that two factors can account for preferential 

transformation by certain groups in strained crystals. First, preferred 

nucleation may occur on certain variants of the habit plane due to the 

anisotropi~ substructure, and second, restriction of growth on others :that 

lie nearly parallel to the active slip pliwes may occur due to the high 

concentration of debris in the slip plane. 
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Summary 

The following picture of the burst transformation in iron contain

ing 31.7o/o nickel emerges from the results obtained. The a).ltocatalysis 
; . . . . 

re_,sponsible for the burst transformation has its origin in a mutual me-

chanical stimulation between variants of the habit plane that are geomet

rically oriented such that the stress induced by transformation on one 

aids transformation on the others. In both strained and unstrained 

crystals, the most effective coupling is between groups of four nearly 

parallel variants of the habit plane whose poles cluster about common 

(ll o) directions. The average size of the regions transformed through 

the operation of such a .group depends on the frequency of less effective 

secondary coupling (perpendicular or cross coupling) to other similar 

groups in the crystal. In the case of unstrained crystals, the number 

of potential groups to which secondary coupling can occur is high, and 

as a result the probability of nucleating a new group is also high. This 

leads to a microstructure made up of many different small regions, each 

of which is formed autocatalytically by means of parallel coupling. On 
' . . 
the other hand, in deformed crystals, transformation by means of cer

tain groups is favored because of the. internal anisotropic substructure. 
' ' . . . 

';I'he most favored groups are those whose planes are nearly perpendic

ular to the active slip planes, but these groups do not include :the group 

... whose planes are nearly perpendicular to the Burger's vector of the 

active slip system. The number of possibilities for secondary coupling 

. in strained crystals is therefore reduced, and the favored groups are 

able to grow to a very large size before their growth is interrupted by 
' . . . . . 

secondary coupling. Thus, in a strained crystal the transformation 

proceeds by means of only a few of the most favored groups, and the 

morphology is greatly simplified • 

. (, 

': ... 

. ;_, 
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Conclusions 

l. The morphology produced by the burst transformation of 

single crystals of iron containing 31. 7,% nickel that have been plastically 

deformed at room temperature prior to transformation is markedly dif

ferent from that produced in unstrained crystals. 

:-2. Large regions of strained crystals' transform·ln a:bur'st through 

the operation of four variants of the habit plane whose poles group about 

·a common [ll 0] direction. The autocatalysis in such a group is shown 

to be mechanical; tha:t is, the macroscopic transformation shears mu

tually assist:one another. 

3. In the transformation of a strained crystal,· the operation of 

certain groups is· favored; these are the groups whose planes are nearly 

perpendicular to the active slip plane, but these groups do n'ot include 

the group whose poles Cluster about the Burger's vector of~the active 

.slip system. This behavior is taken to be a consequence of the aniso

tropic substructure introduced during deformation. 

4. The larger the prior plastic deformation, the larger are the 

regions made up of a single group. This is a consequence of conclu

sion 3. Thatis, there are fewer favorable possibilities for secondary 

coupling; once a group is nucleated, it can grow large before it is inter

rupted by secondary coupling.' 

5 .. The higher the prior plastic strain, the smaller is the amount 

of transformation that occurs autocatalytically in a burst. 

6. In strained. crystals, the effectiveness of the three types of 

coupling thatwere discussed is as follows, in order of decreasing 

effec.tivene s s: 

q parallel coupling within a group, 

ii) cross coupling between groups, an:d · 

iii) perpendicular coupling between groups. 

7. In unstrained crystals, parallel coupling is most effective in 

autocatalysis. The relative effectiveness of cross and perpendicular 

coupling between groups is not clear. 

8. Once the transformation has been nucleated, mechanical auto

catalysis is sufficiently strong to enable the transformation to proceed 

into material which is above its Ms temperature. 
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Proposed Future Work . 

rt:may be pdssibre to extend the results obtained in this investiga

tion,to elucidate the proc•ess responsibl'e for the ·mechanical stabiliza-

' tion.of austenite,· It was observed that in def;orrrre:d'crystals, ttansfor-, .. 

mation on certain variants of the habit plane·, geotilet:rically related to 

. thecBurger's vector of the· active slip systems,' did not occur. If this 

· 'was·.-due to a restriction of growth on these variants of the habit plane, 

then a deformation of an austenite crystal that activated all possible 

. slip' systems should' restrict the transformation on· alt variants of the 

habit plane and lead to mechanical stabilization. Experiments to clar

ify this point have been-initiate.d. · 
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