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Fig. 2. Amount of 5 f e r r i t e  in s teel  
Kh28N10S4 in re la t ion  to reheat ing t e m -  
pe ra tu re .  

The t e m p e r a t u r e  range  in which M6C ex is t s  i s  600-1000 °, while u phase  is  found at all  heating t e m -  
p e r a t u r e s ,  f rom 300 to 1150 ° . 

Even heating at 1220 ° (holding 1 h, cooling in water)  does not lead to comple te  solution of this phase. 

The ha rdnes s  of s tee l  Kh28N10S4 was HRC 35 a f t e r  additional heating at 300 ° (1.8% r phase) and HRC 40 
a f t e r  heating at 500 ° (4% ~ phase).  

Decomposi t ion  of 5 f e r r i t e  and prec ip i ta t ion  of M6C a re  accompanied  by a substant ia l  i nc r ea se  of the 
ha rdness .  Af t e r  heating at  700 ° the ha rdness  of the s tee l  i s  HRC 50, while a f t e r  heating at 800 °, when the 
quantity of lVI6C is  l a rges t ,  the ha rdnes s  is  HRC 55. When the t e m p e r a t u r e  is  r a i s ed  to 900 and 1000 °, the 
amount  of M6C d e c r e a s e s ,  which reduces  the ha rdnes s  to HRC 50 and HRC 45, respec t ive ly .  

At  1150 °, when the s teel  again cons i s t s  of 5 + T + ~ phase  (~4% u phase) ,  the ha rdnes s  d e c r e a s e s  to HRC 
30. 
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The shape m e m o r y  effect ,  obse rved  in TiNi and other  m a t e r i a l s ,  i s  due to the coopera t ive  shift  of a toms  
in specif ic  c rys t a l log raph ic  s y s t e m s  ( thermoelas t ic  mar t ens i t i c  t r ans fo rma t ion  [1-3]). The number  of 
c rys t a l log raph ic  va r i a t ions  of m a r t e n s i t e  is  de te rmined  by the act ive  s y s t e m s  of mar t ens i t i c  displacement .  
But if  the t r a n s f o r m a t i o n  occu r s  under  load, then the poss ib i l i ty  of the fo rmat ion  of m a r t e n s i t e  of va r ious  

Fig. 1. {110~ pole figure.  Or ien ta -  
tion (112) [110]. 
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Fig. 2. Deformat ion  during tors ion  with constant  s t r e s s  5 
k g f / m m  2 in re la t ion  to t e m p e r a t u r e  (a) and max ima l  cumulat ive  
deformat ion  in re la t ion  to applied s t r e s s  (b). The s amp le s  
were  cut at di f ferent  angles to RD: 0 (1), 22.5 (2), 45 (3), 67.5 
(4), and 90 ° (5). 

modif icat ions is  l imi ted  in re la t ion to the or ientat ion of the plane and the d i rec t ion of the mar t ens i t i c  d i sp lace-  
ment  with r e spec t  to the applied load [4]. F o r  this reason ,  one would expect  a dist inct  deformat ion  tex ture  
or  annealing tex ture  to cause  anisot ropy of the shape m e m o r y  effect.  

We invest igated the effect  of tex ture  on the shape m e m o r y  effect  of Ti  + 50 at. % Ni. Af ter  e lec t r ic  a r c  
remel t ing ,  the ingot was forged and hot rol led to a sheet  1 m m  thick. 

The texture  was de te rmined  by means  of the DRON-2 d i f f r ae tomete r  with use of the G P - 4  at tachment .  
The cen t ra l  sect ion of the pole f igure was plotted by the method suggested by Shultz f rom ref lec t ion (110). The 
texture  obtained was descr ibed  by means  of the ideal  or ientat ion [5]. The shape m e m o r y  effect  was inves t i -  
gated on s amp le s  i x 1 m m  in sect ion and 50 m m  long cut by spark  machining f rom the sheet  at  angles  of 0, 
22.5, 45, 67.5, and 90 ° to the roll ing di rec t ion (RD). The sur face  of s amp le s  for  mechanica l  t e s t s  (and a lso  
for  x - r a y  analysis)  was etched to a depth of 0.1 m m  in the solution descr ibed  in [6]. 

The samples  were  tes ted  by the to rs iona l  osci l la t ion method,  permi t t ing  constant  torque to be c rea ted  
in the sample .  

Analys i s  of the pole f igure showed that the texture  of the sheet  can be descr ibed  by the ideal  or ienta t ion 
(112) [ii0] (Fig. 1). 

The results of torsion tests of samples with different orientations with respect to RD are shown in 
Fig. 2a. 

It can be seen that deformation is largest in samples cut at angles of 0, 22.5, and 45 ° to RD, somewhat 
smaller for samples cut at an angle of 90 ° , and much smaller at an angle of 67.5 ° . This relationship is 
retained with increasing torsional stress up to 30 kgf/mm 2 (Fig. 2b), although the difference decreases with 
increasing load. A relationship was also found between the initial temperature of the martensitic transforma- 
tion under load M T and the orientation of the axis of the sample in relation to RD (30-50°). The larger the 

s T 
deformat ion,  the higher  M s- The init ial  and final t e m p e r a t u r e s  of the r e v e r s e  mar t ens i t i c  t r ans fo rma t ion  - -  

A ~ and A [  - -  under  load va ry  within l imi t s  of 10-15°C (the l a r g e r  the deformat ion,  the lower  As  ~ and A i ) .  

C O N C L U S I O N S  

i .  Anisot ropy of the shape m e m o r y  effect  in TiNi due to the roll ing tex ture  was es tabl ished.  The an iso-  
t ropy  may  be substant ia l  for  the operat ing c h a r a c t e r i s t i c s  of the ma te r i a l .  

2. The l a rge s t  cumulat ive  deformat ion  was observed  with the axis  of the sample  nea r  the roll ing d i r ec -  
tion. 
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