
Acta Physica Academiae Scientiarum Hungaricae, Tomus 37 (3) ,  pp.  253--257 (1974) 

WORK-HARDENING OF POLYCRYSTALLINE 
IRON UNDER COMBINED TENSILE-TORSION 

DEFORMATION 

By 

T. H.  YOUSSEF 
METAL PHYSICS UNIT, N. R. C. CAIRO, EGYPT 

a n d  

G. GaA~s 
FACULTY OF EDUCATION, EIN-SKAMS UNIVERSITY, CAIRO, EGYPT 

(Received 30. IV. 1974) 

For polycrystalline iron wires deformed torsionally by the method of KovXcs and NAGY 
[1] using different axial tensile stresses an elongation in the wires was observed. As the magni- 
tude of the applied tensile stress was increased, the relative change Of the tensile strain pez 
unit torsiondeformation in.creased too. Such increase was found to depend on both the tem- 
perature and the grain diameter. This behavŸ was interpreted on the basis of a cross-slip 
hardening mechanism. 

In t rodue t ion  

h is well k n o w n  t h a t  in the  course of  twis t ing  m e t a l  wires an  axia l  elon- 
gat ion is p roduced  [2]. This  e longat ion is enehanced  even  b y  smal l  axia l  tensi le  
stresses (in the  elast ic range) ,  and  the  e longat ion becomes  homogeneous  and  
easily measu rab l e  [3]. The  dependenee  of  this  e longa t ion  on grain  size was 
s tudied for  copper  and  u-brasses [4], and  was found to  v a r y  according to  the  
opera t ing  m e c h a n i s m  of  work -ha rden ing .  

The  p resen t  work  airas a t  s t udy ing  the  work  h a r d e n i n g  m e c h a n i s m  in 
iron as can be dedueed f rom the  effect  of  var ious  c o n s t a n t  tensi le  strcsses on 
the  e longat ion resul ted  dur ing twis t ing .  The  effects of  v a r y i n g  grain sizes and  
t e m p e r a t u r e  were  also s tudied.  

Experimental proeedure and results 

I n  this work  iron was used in the  fo rm of  wires o f  0.25 m m  d iame te r .  
Precise chemieal  analysis  has shown in wt~/o C 0.012, Si 0.018, Mn 0.92, P 
0.014, S 0.010, Cu 0.02 and  t races  of  Ni and  Mo. 10 cm long pieees of  wires  were  
annealed  in v a c u u m  (10 -~ m m  Hg)  to  a t t a i n  wizes of  different  grain d iamete rs .  
The  annealed wires were subjec ted  to  un i fo rm de fo rma t ion  b y  twis t ing  in a 
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conventional type twisting machine whose specifications were published 
elsewhere [4]. The degree of torsional deformation is given by the dimensionless 

N D  
quant i ty  - L - -  where N is the number of turns of twist, D and L ate the dia- 

meter and the initial length of the wire, respectively. Axial tensile stresses 
of  2,4,6 and 8 Kgm/mm ~ were studied by  loading the investigated wires with 
different corresponding loads. The elongation resulted in the wires during 
twisting was measured by  a travelling microscope aceurate to 1 X 10 -3 cm. 
The experiments were repeated at different temperatures of 100 ~ 27 ~ and 

0,01 �91 [ G.D. ffi 0'~/" ~ ~ ~ ~ " ~ ~ ' 1 ~  
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Fig. 1. Effect of  axial tensi]e stresses on the magnitude of tensi]e strain associated with tot 
sional deformation for wires of  different grain diameter, at different temperatures 

-- 10 ~ by  using a thermostatically adjusted heating furnace, of cooling unit. 
The results obtained for wires of different grain diameters, at different testing 
temperatures ate given in Fig. 1 which shows that  as the applied axial tensile 
stress is increased the tensile strain accompanying torsional deformation in- 
creased too. The value of the tensile strain per unit torsional deformation at a 
constant  axial tensile stress (S )  i .e .  

A (zlL/L) 

could be obtained from slopes of relations given in Fig. 1. Fig. 2 gives the effect 

of the applied axial tensile stress on - ~  from which it is clear that  - ~  
�9 8 

is linearly inereased by  increasing the applied axial tensile stress, and that  the 
rate of such increase is enhanced by  raising the testing temperature. Fig. 3 

gives the effect of both testing temperature and grain diameter on L - ~ j /  

as calculated by taking the slopes of lines of Fig. 2. h is clear that  increasing 

testing temperatures increase linearly the value of L ~ - j /  and that  the 
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Fig. 2. Ef fec t  o f  axial tensile stress on the tensile strain per unit torsion for wires of differeut 
grain diameter and at different temperatures 

tate of such increase is the same for all grain diameters studied. Also the value 

of L~-j~ at any temperature is increa6ed by increasing the grain diameter. 

Discussion 

The pronounced behaviour of the combined tensile -- torsion deforma- 
tion is that the increase of the app[ied axial tensile stress is accompanied by 
an increase in the tensile strain per unir torsion. This implies that a stress de- 
pendent process causing an increase in the strain coefficient is taking place 
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Fig, 3. Dependence of [J-~-E~]/AS on the testing temperature for wires of different grain 
diameter 

during deformation. This process allows dislocations to move ]arge distances 
]eading to the observed increase in the tensile strain per unir torsion. Cross- 
slip is dominant in iron owing to its high star fault energy [5]. Because 
twisting facilitates cross-slip as suggested by HOLT [6], and since the 
activation energy o f  cross slip decreases by inereasing the applied stress 
[7], ir is expected that t h e  app]ication of tensile stress during torsion in, 
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creases the  probabi l i ty  of a cross-slip meehanism. This increased probabi l i ty  
might  be due to  the el imination of jogs [8] formed th rough  a deformat ion 
process. I t  has been found t h a t  the  deformat ion  of i ron ei ther  b y  twist ing of 
b y  tension leads of jog format ion  [9]. Of course the combinat ion  of bo th  ten- 
sion and tors ion dislocations will lead to  a large n u m b er  of  jogs. Because jogs 
have a t endency  to  cluster specially under  stress [7], jogs of opposite sign will 
be annihi lated,  and those of  the  same siga coalesce leading to  a deerease in 
the  jog densi ty.  As a resul t  the dislocation mobil i ty  will increase. I t  seemed 
likely t h a t  the  large amounts  of hea t  t r e a tmen t s  ini t ial ly given to  the  re la t ively  
large grained wires during thei r  p repara t ion  eaused the i r  slip planes to  be 
re la t ively  clean for cross-slip, consequent ly  the  slip distance will increase by  
increasing bo th  the  grain d iameter  and the test ing t empera tu re .  
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