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Introduction

TRIP is the remaining deformation behaviour obseived when a specimen
tzanslorms under an applied stress even for stresses lower than the yleld
stzess of the matetial. Denis et al. Q). gave in a review paper the lollowing
two actual interpietations:
- Deformation due to a plastic ylelding asound the transforming particles
due {0 the applied stiess taking into account only the volume change.
- Delormation due lo a specific otientation of the product phase by the applied
stress .
The first interpretlation goes back to the famous paper by Greenwood el al.
2). and assumes the transformed tegions to be °“hard’ islands in & ‘weak’
matrix. Although the model has some shortcomings it was successtully applied
to diflusional transformations (e.g. austenite-peaslite tiansformation). Abiassart
and later Leblond. see discussion (1), used this concep! also for a martensitic
tzansformation only considering the volume change.
The second interpretalion goes back to Magee. (3). Modelling is carried out
on the micioscopical scale of the mastensite plate. Il one assumes a simple
ciystal with one martensite variant the °‘free” transformation strain tensor &
can be wiitten with sespect to the habit plane (common crystallographic
plane belween the both phases. coordinate x'. y' in the habit plane. z° orthogonal

to habdit plane) as
Y/2
0 . ()
8

v is the transformation shear angle and may have a typical value of 020,
3 is the (anisotiopic) volume chango with a typical value of 0.04 . Connecting
the local coordinate system x'. y. Tt with the global coordinate system x.
Y. 2 by the three Eulerian angles ¢ , ¢ . © and a corresponding transformation
matiix Q the “free’ ludllom\ation sizain componenu of §o In the global system
ate as follows 3
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S ° Y/2uin2¢sin@cose - sin2¢sin2Osing) o $GinZesim @) . (22)
Ce.y °-T/2sin2¢3inBcose « cos243in20sine) « $cos2esinlO) . (D)
oz °* Y/Asin20sine) . uzo-cosze) . (2c)
Yo.xs *  Y(cosécosOcose - sindcos20sine) « 3 sinisin20 . Qd)
Yo.ya® Y(sindcosOcosp ¢ cosPcos2Osine) - 3 coubslnze (2e¢)
Yo.ny* Y(-cos2ysin@cosy+]1/2sin2¢sin2BOsing) - 8/23::\2%1!\ e . (¢1))
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Detalls can be laken from Mitter's book, (4). chapter 2.2.1.).8. The sole of (he
stiess is now only to select the masrtensite variant. If a specimen {is Joaded
only in the z-disection the iesulling Uiansformation strain is ¢cz . Magee
(3) . aigued now that ¢ - X /2 is the mosl probable direction with iespect
to the “principle of the least constiaint®. Then it follows with (2¢) for the
maximum value of ¢c ;2

e smmax’ 172 32320 52 with @ « 1/2 atany/s . (3

This leads with vy - 0.2, 3 - 0.04 to a 1eversible longitudinal remaining strain
of 0.122 independent of the slriess level. Magee. (3), suggested a weighted
transformation strain as

x
630 ° J 85, @9 - 7/ g(@) do / [ g(e) dt@) ) @
" e.o ' e.0

g(0) is & specific weighting function. e.g. described In (6). Gautier et al.
discussed this “stiess’-free lzansformation strain recently in (3) e.g. for Cu-Zn-Al
single crystal.

In 1eality both deformalion mechanisms - plastification and seleclion of maittensite
variants - occur. The *fiee’ transformation strains. Q). (2) have to be accommodated.
Depending on these transformation strains internal stresses are genesaled,
and the material will be submitited to the external applied stress and the
internal stress field. The °‘fiee’ transformation strains can be accommodated
elastically. elastoplastically o1 by formation of selfaccommodating plates (concerning
the transformation sheas stzain). The way of accommodation depends on the
magnitude of the transformation strains and on the applied stiess level.

The “microregion” concept

In the lollowing TRIP Is investigated unde:r a constant external load slress
lield 9, applied befote transiormation (‘cieep’-test). Now the specimen is
assumed to be divided into “micioregions”. Different possibillities exist as
discussed by Mittes, (4), chapter 2211.8, Pischer (&) and Pichler (M. A simple
proposal. following Fisches. (6). is to take as a microtegion one specific mastensite
plate, see Fig.l

If the “microregion 1° is not restiicted by ils neighbousting micsoregions oz
the rtemaining parent phase its final deformation would be defined by the
“free” (1ansformation strain tensor ¢5’ . see (1). A 1educed sheas angle due
to self-accommodation can also be considesed. see °“microtegion 2°. Principally
the deformation behaviou: of an isolated microtegion is described by T’
see 1) with Y . T as the final deformations. A lot of mictoregions with different
orientations exists in a “mesodomain” as a periodically repeatable past of a specimen
under a homogenous load stress fleld S - A specific microregion
is more or less restricted by the neighbouring microregions and parent phase
“islands’. Following Taylor's "Full Consliaint Theory® (as rtecently discussed
by Tiem et al, (8)) now the same global strain tensos SN in the sense of
a ‘full® accommodation is assumed in the microregions. Precise measurements
on steel cylinders with a transformation f{raction f~ 1 justify this assumption.
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Fig.l: Definition of a microregion

Loaded cylinders keep neatly perfectly their axial symmetric shape during
transformation. Also in the remaining parent phase ‘islands’ the same average
global strain tensor ¢o Iis assumed. A high density of dislocations can oiten
be found in the martensitic regions. The neighbouiing parent phase is then
at least partially plastified. Therefore. the microteglont are considered to
be plastilied. Unless olherwise specified the elaslic strain components are
assumed to be small compared to &y . ¢o and are ignored in this concept.
In realily a residual stress state exists compensating the actually existing
strain diffesences from microregion to microregion and/or parent phase.
The corresponding stoted strain energy may play an important role in the
transformation kinetics. It should be mentioned that Patoor et al (9) studied
secently the interaction of dilferent martensite Jenses under an elastic behaviousr
in a seliconsistent scheme. But a plastification of the different phases is not
freated at present. For simplicily an isothermal transformation piocess with
a very rapid cooling to a temperature 85 ¢ Mg is assumed. Dusing the displacive
tzansformation the time dependence of Sc.-(Dand ¢y are taken to be an explicit one and
the same,

dc - I F 0, Gy fogy (5)

With the stress tensor o i the deviator S+« o-pl . pr(0x+0y+02)/3 . in a microregion
standard plasticity nwl}s in
(]

L) 4 o [ nd . 2
:.P-_EN-:C-((OS:N-:C)-Xg..§.§'-2/30’. 6)

Using the yield condition the {ollowing relation between the componenis
of the microtegion stress lensor, Sj; . and the unknown components of
In . Tnjj can be formulated

(-‘.N.l] - -‘-c.ij )

. { v2 [5,: Gy 2800 » 772+ §2])
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Since the average stress tensor in a mesodomain is the lJoad stiess tenso: K-\
the following 1elation between the average stress tensor in the “old” 1egions
(volume fraction 1-§ ).<9)0 . and 9, can be wiitten,

0'0 (0">° i { (O">" * O'J’ R Ga)
Q-0 <Sdg o ESSO o Sy (8b)

tespectively fos the deviatoric components. This relation can also be proved
for a piecewise dillerentiable siress distribulion , see (6). The average piocess

may include different types of weighting functions g(@.¢y .¢). see also (4) and
is performed over the Eulerian angles,

2% 2x
C(u) - } | Jo0.4.0) u(8.4.¢) sin6dOdide/ J [ [ esinededede .
©.0 , _¢-0 L 2
¢ 0

It oy and <ojj>, are known. insestion of (I) into (8D) delivers & nonlineas
algebraic equauom for the unknown components of t" . see delails In (6). (N.
Il some components t,u' have to be O, the corrtesponding equation must
be {ulfilled in the sense of equilibium equations. The solution of the equations
must be performed numerically.

onmglﬂ

For simplicily a fully transformed specimen, § - 1, and a constant o4 are assumed.
It should be meniioned that oy varies fiom the parent phase yleld slress
to the product phase yield stress, see discussion (7). chapter 4. Unless otherwise
defined. Y - 0.2. T - 0.04.

§2¢cimon under an unaxial loadstress 0 _* 0

Yy has the following components dillerent fiom O:

Tyw " Tyt X T bt o2 T,

Due to Magee's arguments discussed above, ¢ may be set $x /2. Furthe:
g(6) may be set O if a positive o is combined with a negative ez . see
(2c). Taking into account {he first restriction is marked by °‘¢° in Fig.2. the
second reslriclion by “0°. The experimental data of Sattler et al, (10) for a
Fe-JON; stee]l are entered in Fig.2 and it well to cutrve | with of « 780
N/mm2 . Curve 4 can be related with the famous "Gieenwood/Johnson’ relation

¢+ 8/348/6.0/0, . % aoa)

fot small values o/0y . Compasison belween the curves ] and 4 of Fig.2 demonstrates
the stzong influence of vy . The ¢ -0 - 1elation in compression differs only slightly
from that one in lension and is suppressed in Fig.2. It may be of interest
that for small satios o/oy an analytical c¢-o- relation can be given with
might be named the ‘extended’ Greenwood/Johnson relation

¢« 8/3 ¢ 5/6 . olo, . (B2« 34 YH 12 (10b)
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For details see (6). (D).
Specimen under pure shear, xg v

{n has the following components diffrent from O:

?".' v € . ?".y . x TN.. v € . 26«8 -t'N." -?N.“ « T72

For § + 004 and v « 0.0 1sp. 0.2 a relation between the 1elative global shear
Tlegy ey » 0.1318) and t 7 vq (tg « of /¥3) is depicled in Fig.3. It is interesting
that the axial strain components are influenced to a certain degree by the
shear load. This can be seen by a cestain deviation of x from § /3, see the
r’€cv‘X'fel‘“°n‘

g-! &
gl . "¢’
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Fig.2: e-3-1elation lor & specimen under a unaxial stress state
Specimen under a_threeaxial principal stress stale oy » 0 9y + 92.92: 9

Corresponding to the three p:ﬁcipal stzesses three piinciple strains §; . €q , Cy
exist with ¢ +ez0ty + 3 . Since plastification is independent on p the analysis
is performed with the deviator components 8;, Sy (S5 *-(Sy « S; ). Finally, in
the case of a unaxial loading 03. 0y « 03+ O, it follows S; + Sy : -S; /2. Lines
of conslant ¢; and ¢y are depicted in Fig.4. It can be seen that within the
‘square” ¢; - £0,08, ¢y - & 0.08 only a small influence of 05 . 0y 15p. 0; . 05 exists.

A linear, veclorial superposition of the stsain components is possible.
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Fig.4: Axial strains for a specimen under a threeaxial stress state
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Fig.3: T-t and I-x-relation for a specimen undes pure shear

o io

A semianalytical model jor TRIP is presented taking into account both the
plastic accommodation of the transformation strains and the selection of martensite
variants. An extension (o a threeaxial stress slate is possible a3 a starting
point for a ‘TRIP-law’ formulation which can be used in numeitical procedures
such as the finite element method. The yield stress of the microregion. of
works as an “adaplion paramete:” in telalion to expeiimental data.
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