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KovXcs and FErTtIAM [1] and Kov�93 and NAGY [2] derived an equa- 
t ion for the to ta l  equivalent  mean shear strain ~ of a wire plastically twisted 
about  its axis at  cons tant  tensile load. In this equat ion ~ consists of a torsional  
shear strain N D / L  and the shear strain component  equivalent  to the associated 
tensile strain d L / L  o, as follows: 

= ~ ~ N D / L  d- f idL /Lo ,  (1) 

where N is the number  of turns of twist,  D is the d iameter  of the wire, L o 
and L ate the initial and ins tantaneous  lengths of the wire, ~ and/~ are constants .  
KovAcs and FELTHAM [1] took  the numerical  values of ~ and fl to be 1/3 and 
2.24, respect ively,  bu t  t hey  indicated t ha t  these values were underes t imated  
because the mean  torsional  strain was eva lua ted  on the assumption t h a t  the 
wire was pure ly  elastic: t hey  pointed  out  t h a t  GAYDON'S [3] assumption of 
ideal plast ici ty  would be more appropr ia te .  Recent  work [4, 5] has indicated 
tha t  the values of ~ and fl are 2~/3 and 3, respectively.  

Eq.  (1) can be wri t ten  in the form: 

,JLILo = - -  (~I~)mblL + Ylt~ 

of C = - -  (~/~)e + y/~, (2) 

where C = AL~Lo and O = ND/L .  
B y par t ia l  different iat ion of E with respect  to 0 at  cons tan t  ~ we get 
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- -  2 , ~ / 9  

- -  0.698 

(3) 

Eq.  (3) shows tha t  the ra te  of change of tensile strain per unit  torsional  strain 
at cons tan t  ~ has a cons tant  value o f - - 0 . 6 9 8  determined by  the constants  

~ and /~. Sinee the value of can be de te rmined  exper imental ly ,  this 
§ 

~ I~,G~ �91 
i . . . . . . . . . . . . . . . . . . .  o) 

( 

Xd 

II Iko oJl 
Fig. I. Schematic diagram of twisting machine 

gives a direct  test  of the val id i ty  of the Kov�93 equat ion [Eq.  (1)]. 
We have  used this approach in an invest igat ion on wires made of commercial  

pu r i ty  Al (99.7~243 Al �91 0.25~£ Fe). 
Annealed Al wires (0.05 cm diameter ,  15 cm long) were subjected  to 

uni form twisting at room t empera tu re  using the machine shown in Fig. 1. 
The associated change in sample lcngth was measured up to f rac ture  with an 
accuracy  of 10-3 cm. The axial stresses applied on the sample undergoing 
torsional  deformat ion var ied from 0.75 to 2.25 kg/mm2; such stresses did not  

exceed the  yield stress. 
Fig. 2 shows tha t  for samples with the same thermal  history,  AL/L o at 

cer ta in  ND/L increases as the magni tude  of the applied stress is increased. 

T h e v a l u e s  of{~~‰ -j~ w e r e c a l c u l a t e d f r o m F i g .  2 u s i n g t h e l e a s t s q u a r e s  

method.  These values are given in Table I and are p lo t ted  against ~ in Fig. 3. 

over  the whole range of ~ is approx imate ly  equal The average value of ~0 -  :, 

to the eons tant  ~/fl = - -  0.7. The resemblanee of the exper imenta l ly  de termined  
values of ~/fl to tha t  given by  Eq.  (3) indieates t h a t  the KovXcs- -NAGu eqna- 

t ion is valid.  

Acta Ph.ysica Academiae Scientiarum Hurtgaricae 30. 1971 



VAL1D1TY OF KOV�93 AND NAG~'S EQUATION 401 

J 

<3 
t- 
o t_ -4- 

t- 

o.og 

0.07 

0.05 

0.03 

0.01 

0.0. c 

0.07 

0.05 

0.03 

0.01 

0.07 

0.05 

0.03 

0.01 

J annealed al 500~ 

1 

. . . 1 2 ,  

4 

.e~-- .~>f y.- _ 

I * ~  I i I 
0 0.5 i.O 

I annealed al 350~ 

sfress 

T 

~ 1  23 s~ress 

r162 ..,w~->- 

~ ~ -  

0 0.5 1.0 

[annealed al 250 ~ ] 

sfress Kg/mm z 

~ / " a  I Nol loadlstress 

. ~  JE.-" ..~+ I 1 14501 2.25 

" , , 1 0 1 1 5 0 1  0 . 7 5 _  
0.5 

arnount of torsJonal shear strain N_~D 
"' L 

Fig. 2. Tensile strains AL/L o associated with plastic twisting ND/L in pre-annealed aluminium 
wires under different constant loads 

For  specimens annealed at 500 ~ before testing, scat tered values of 

~/fl are noted for ~ < 100. Under  these conditions the values of ~/fl range bet- 
ween - -0 .6  and - -0 .4 .  This may  be a t t r ibu ted  to the effect of annealing. Anneal- 
ing at 250, 350 and 500 ~ for 5 hours was found to influence the values of 

N D / L  and zJL/L o as well as the angle of inclination between the torsional lines 
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Table I 

500 ~ 

0.435 

0.440 

0.450 

0.480 

0.500 

0.600 

0.620 

O.63O 

0.640 

0.700 

0.800 

0.920 

1.000 

1.200 

1.400 

1.500 

1.600 

1.700 

1.790 

1.800 

1.880 

2.000 

250 ~ 350 ~ 

--0.65 

--0.62 

--0.80 

--0.70 

--0.82 

--0.65 --0.40 

--0.50 

--0.70 

--0.63 --0.70 

--0.72 --0.65 

--0.67 --0.63 

--0.82 

--0.76 

--0.80 

--0.60 

--0.52 

--0.60 

--0.60 

--0.61 

-0.40 
--0.52 

--0.68 

--0.70 

--0.70 

--0.62 

--0.70 

Table II 

Sample history ~ ND/L AL/L o 

As received and twisted 

Annealed at  250 ~ 

Annealed at  350 ~ 

Annealed at  500 ~ 

47 ~ 

56 ~ 

75 ~ 

66 ~ 

0.198 

0.924 

1.100 

1.020 

0.0069 

0.0289 

0.0420 

0.0377 

a n d  w i r e  a x i s ,  as  s h o w n  i n  T a b l e  I I .  T h e  a p p e a r a n c e  o f  t o r s i o n a l  l i n e s ,  w h i c h  

w a s  u s e d  f o r  d e t e r m i n i n g  q), is  s h o w n  i n  F i g .  4.  I t  is a p p a r e n t  t h a t  a n n e a l i n g  

a t  2 5 0  a n d  350  ~ c a u s e s  t h e  v a l u e s  o f  q), N D / L  a n d  d L / L  o t o  i n c r e a s e  w h i l e  

a n n e a l i n g  a t  500  ~ c a u s e s  t h e s e  v a l u e s  t o  d e c r e a s e .  S i n c e  ~ r e p r e s e n t s  t h e  
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d e f o r m a b i l i t y  o f  t h e  s p e c i m e n ,  a n n e a l i n g  a t  500 ~ m a k e s  t h e  m a t e r i a l  less 

d e f o r m a b l e .  Th i s  is also i n d i c a t e d  b y  t h e  dec rease  of  N D / L  a n d / | L / L  o. 

T h e  c h a n g e s  m a y  be  a t t r i b u t e d  to  t he  p re sence  of  A13Fe, w h i c h  has  

been  o b s e r v e d  to  fo rm u n d e r  s i m i l a r  c o n d i t i o n s  [6, 7]. Th i s  is in a g r e e m e n t  

w i t h  t h e  o b s e r v a t i o n s  of  PETTY [8] on t h e  r e l a t i o n  o f  d e f o r m a b i l i t y  to  t he  

s h a p e  a n d  size d i s t r i b u t i o n  of  p r e c i p i t a t e  p a r t i c l e s .  
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Fig. 3. Variation of the relative ehange of tensile strain with p|astie torsion (W versus y) 
from the Kov�93 and NAGY value 
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Fig. 4. Photographs  of surfaces of Al samples twisted till f racture at  room tempera ture .  50)<. 
Init ial  history:  

a) As received; b) Annealed at  250 C; c) Annealed at  350 C; d) Annealed at  500 C 
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