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The ar t ic le  d iscusses  a method fo r  describing creep for  the case when it is  necessa ry  to take account 
of all three stages of deformation: not fully established, fully established, and the s tar t  of the acce lera ted  
stage. The resul ts  of the calculation are  compared with the data of an experimental  invest igat ionofthe shor t -  
t e r m  creep of alloy Amg6-M, with varying loads. 

In [1, 2], on the basis of experimental  data, the conclusion is drawn that, fo r  many industrial  alloys, 
s h o r t - t e r m  creep may be regarded  as creep without hardening. Such an approach simplifies the analysis  
considerably and reduces the volume of computations in the solution of part ial  problems.  However, as  noted 
by the authors of [1, 2], under  the conditions of s h o r t - t e r m  creep, cer ta in  mate r ia l s  exhibit a more  com-  
plex behavior.  

1. Following Graham [3], in our  analysis  of the curves  for  the creep, we make the following assump-  
tions: 

1) the total deformation of the creep, p, is the simple sum of the contributions of the independent mech-  
anisms;  

2) the deformation Pi, due to each i - th  mechanism, for  fixed s t r e s ses  and tempera tures ,  can be repre -  
sented by the formula 

Pl = / i  (~, T) t m~ (1.1) 

Here (r is the s t ress ;  T,~ is the experimental  temperature ;  t is the time; and m i is a constant. 

Approximating functions, suitable fo r  descr ibing creep over  a sufficiently broad range of s t r e s se s  and 
tempera tures ,  may be taken in the fo rm 

fC (~, T) = (aiz ni --~ ble ~i~) e -a i lT  (1.2) 

Here ai, bi, ai ,  /~i, and n i a re  constants,  subject to experimental  determination. 

In the case of varying s t r e s s e s  and temperatureS,  for  calculation of the i- th component of the deforma-  
tion, we can use a relationship, which is usually applied to descr ibe  the initial sec to r s  of the creep curves  

P~P~ I-"~)/~I = ml/~/mi (~, T) ( i  .3) 

Equation (1.3) is obtained f rom (1.1) by differentiation, followed by elimination of the time. 
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2. The dependences given above were applied to the analysis  of the resul ts  of extension tes ts  under  
conditions of s h o r t - t e r m  creep,  on samples  of alloy AMg6-M (eb = 35 k g / m m  2, if0.2 = 16 kg/mm2). The experi-  
ments  were ca r r i ed  out using flat samples with a width of 10 mm and a calculated length of 100 ram, cut 
along the direction of rolling, f rom sheets with a thickness of 2.5 ram. The tempera tu re  levels in the experi-  
ments  were 175, 200, 225, 275, 300, and 325~ while the s t r e s ses  lay within the l imits  f rom 1 to 15 k g / m m  2. 
The duration of the exper iments  did not exceed 8 rain. 

An experimental  unit of the lever  type, with an inf rared  heating furnace, permi t ted  rapid heating of the 
sample in 30-60 sec, and ensured maintaining the given tempera ture  within the l imits  , 0.5%, using a sys-  
tem of thermoregulat ion based on an t~PR-09-M3 instrument .  The tempera ture  along the length of the sam-  
ple was equalized using supplementary heaters  mounted on a bar.  Rapid and smooth heating (in a period of 
0.3-0.7 sec) was effected using an eccent r ic  mechanism with a damper,  while the given level of the s t r e s s  
was ensured, with a degree of accuracy  not less  than * 1% using a set of weights. The deformations were 
measured  using an extensometer  with a clock-type dial, with a graduation of 0.002 mm and an upper  mea-  
surement  limit of 2 ram. The readings of the indicator  and the second me te r  were recorded automatical ly 
using an RFK-1M photographic camera .  

The solid lines in Fig. 1 show, in the fo rm of creep curves,  the averaged resul ts  of sheet mater ia l  
with a thickness of 2.5 ram. (Here, and in the remaining figures, except fo r  Fig. 4, the numbers onthe curves  
denote the values of the s t r e s se s  in kg/mm2.) F r e m  2 to 4 samples were tested for  each set of conditions. 
Under these c i rcumstances ,  the sca t te r  with respect  to the deformations did not exceed =~ 10%. The point of 
reference  fo r  the deformations of the creep was taken as the deformation corresponding to the moment  when 
the loading was completed. This moment  was determined f rom an osc i l logram of the signal of s t rain gauges, 
mounted on a b a r  outside the heating zone. 
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As follows from Fig. i, at temperatures of ~ 200~ the creep is accompanied by a considerable de- 
gree of hardening of the material. With an increase in the temperature up to -~ 300~ the first sector on the 
creep curves practically disappears; however, already with a deformation of ,~ 0.3~, a third stage of creep 
starts to appear. The elongation of the sample at the moment of failure may reach tens of percents. 

3. In view of what has been said above~ in the analysis, each creep curve was approximated by a tri- 
nomial of the form 

p = f i t  '/' + )'2t + / s t  ~ 

Here  the power  exponents a r e  se lec ted  f r o m  the condition of the bes t  a g r e e m e n t  with the exper imen ta l  
curves ,  as  well  as for  convenience in the calculat ions.  The method of l ea s t  squa res  may be used  to d e t e r -  
mine the coeff icients  fl, f2, and f3. The constants  in r e l a t i onsh ips  of the type (1. 2) were  calculated in the 
usual  manner .  In this case ,  u se  was made of the s impl i fying fact  that, at  t e m p e r a t u r e s  of 275, 300, and325~ 
the effect  of the t e r m  bie~ie  fo r  s t r e s s e s  not exceeding the e las t ic  l imit ,  may be neglected.  The resu l t s  of 
the ana lys i s  a r e  given in Table  1, while the quality of the approximat ion  can be evaluated f r o m  Fig. 1, on 
which the calcula ted cu rves  a r e  shown by the dotted l ines .  He re  it  m u s t  be noted that the constants  given in 
Table 1 a r e  not of a un ive r sa l  cha rac te r ,  and that t he i r  use  outside of the region of s t r e s s e s ,  t e m p e r a t u r e s ,  
and deformat ions  shown in Fig. 1 may  lead to e r r o r .  

4. To ve r i fy  the poss ib i l i ty  of using equations of type (1.3) in the case  of nons teady-s ta te  conditions, 
expe r imen t s  were  made with s t r e s s e s ,  vary ing  with t ime  by degrees .  Data f r o m  expe r imen t s  a t  t e m p e r a -  
tu res  of 225 and 275~ a re  shown by the sma l l  c i r c l e s  in Fig. 2 (loaded) and in Fig. 3 (unloaded). Here,  as  
s t a r t ing  points of r e f e r ence  fo r  the deformat ions  of the creep,  there  were  taken the deformat ions  co r r e spond-  
ing to the moments when the loading was complete. The loading time was determined from oscillograms and 
did not exceed 1 sec. The solid lines on Fig. 2 and Fig. 3 give the results of calculation using relationships 
(1.2) and (1.3), with the coefficients from Table i, while the dotted lines give the results of a graphical plot. 
In accordance with the kinetic equation for the creep 

~ =  u(~, T,p) 

It  is evident f r o m  Figs .  2 and 3 that the exper imen ta l  data a r e  desc r ibed  sa t i s fac tor i ly .  

5. To invest igate  the effect  of hardening on creep,  expe r imen t s  were  c a r r i e d  out on samples  made of 
sheet  m a t e r i a l  AMg6-N(o-b=45 k g / m m  2, o-0.2=38 k g / m m  2) with a th ickness  of 2 ram. The following conclu- 
s ions can be drawn f r o m  the expe r imen ta l  resul t s .  In the f i r s t  place,  the c reep  ra te  of hardened m a t e r i a l  
may  exceed by severa l ,  o r  even tens of t imes,  the c reep  ra te  of soft ma te r i a l .  In the second place,  at a t e m -  
p e r a t u r e  above ~ 250~ m a t e r i a l  AMg6-N becomes  s t ruc tu ra l ly  unstable .  This  l a t t e r  fact  is i l lus t ra ted  by 
Fig. 4. Here  the solid l ines  give the c reep  cu rves  fo r  m a t e r i a l  AMg6-N at a t e m p e r a t u r e  of 300~ and under  
a s t r e s s  of 3 k g / m m  2. The num ber s  on the cu rves  denote the holding t ime  (in minutes)  of the s amp le s  at a 
temperature of 300~ under the load. The dotted line corresponds to soft material. Thus, the holding of a 
hardened material at high temperature leads to its further hardening with respect to creep. 
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