
3. Cas t  i ron with spheroidal  g raphi te  whose ma t r ix  cons is t s  of a s t ruc tu ra l  mix tu re  of bainite,  m a r -  
tensi te ,  and re ta ined austeni te ,  with a p redominance  of mar t ens i t e ,  is suscept ib le  to p r e m a t u r e  fai lure .  

4. The reduct ion of the amount  of re ta ined austeni te  with prolonged i so the rmal  holding t imes  leads to 
a reduct ion of the ductility; the s t rength  c h a r a c t e r i s t i c s  d e c r e a s e  negligibly in this case .  

5. The i so the rma l  bainitic t r an s fo rma t ion  is divided into th ree  s tages  that differ  in the ave rage  ra t e  of 
the t r ans fo rma t ion .  
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STRUCTURAL STRENGTH OF MALLEABLE IRON WITH 

DIVORCED PEARLITE 

G. A. Spirtus, I. P. Fominykh, 
and L. V. Peregudov 

UDC 669.13.131.8:620.169.1 

F e r r i t i c  mal leable  iron with re la t ive ly  high ductil i ty (5 = 6-12%) and low s t rength (ab = 30-37 k g f / m m  2) 
and pear l i t ic  mal leable  iron with high s t rength  (Ob = 45-63 k g f / m m  2) and low ductility (6 = 2-6%) a re  produced 
at the p re sen t  t ime  (GOST 1215-59). Never the le s s ,  mal leab le  i ron with divorced pear l i t e  is not widely used in 
industry,  despi te  its high s t rength  and ductil i ty (o b = 45-60 k g f / m m  2, 5 = 6-10%). This is probably due to the 
fact  that l i t t le  r e s e a r c h  has been done on its s t ruc tu ra l  s t rength.  

The s t ruc tu r a l  s t rength  of a m a t e r i a l  r e f e r s  to the combinat ion of p rope r t i e s  most  complete ly  c h a r a c -  
te r iz ing  the working capaci ty  of machine  pa r t s  ( se rv ice  life in combination with rel iabil i ty)  [1]. 

Malleable i ron is widely used in manufactur ing f a r m  machinery .  Many par t s  of such machines opera te  
under  conditions of r epea ted  impac t  loads.  The s t rength  of mal leable  iron subjected to repeated  impact  loads 
cannot be judged f rom the u l t imate  tens i le  s t rength,  re la t ive  elongation, or  hardness .  Fo r  p rope r  de t e rmina -  
tion of the working capaci ty  of mal leab le  i ron under  such conditions it mus t  be subjected to repeated  impact  
t e s t s  [2]. 

We tested mal leab le  i ron with d ivorced pear l i t e  and, for  compar i son ,  f e r r i t i c  mal leable  i ron and f e r -  
r i t i c - p e a r l i t i c  mal leab le  i ron and l a m e l l a r  pea r l i t e .  All mal leab le  i rons were  obtained f rom white cas t  iron 
of the s ame  chemica l  composi t ion  and mel ted under  plant conditions to obtain f e r r i t i c  mal leable  iron. 

The m i c r o s t r u c t u r e  and mechanica l  p r o p e r t i e s  of the iron a r e  given in Table 1. 

The i m p a c t - f a t i g u e  s t rength  was tes ted on a machine of the l e v e r - i m p a c t  type designed at  the Central  
Sc i en t i f i c -Resea rch  Inst i tute of Heavy Machine Construct ion (TsNHTMASh), with use of unnotched samples  
10× 10 ×55 ram. The samples  were  subjected to one-s ided  impact  bending under repeated  loads with a f r e -  
quency of 194 impac ts  pe r  minute (distance between suppor ts  50 ram, impact  energy A = 5-20 kgf-cm).  The 
impac t  energy  was de te rmined  as the product  of the weight of the falling load and the height of the drop. The 

Tula  Combine Fac tory .  T rans la t ed  f rom Metallovedenie i T e r m i c h e s k a y a  Obrabotka Metallov, No. 7, 
pp. 23-25, July,  1978. 

0026-0673/78/0708-0535 S07.50 © 1979 Plenum Publishing Corpora t ion  535 



TABLE 1 

S a m - I  Ob, 
pIeNo. Micmstructum of metallic matrix kg.,mm z y  8, % H B  

Divorced peaflite . . . . . . . . . . . . . . . . . . . . . .  .] 60--63 
Divomea pear}ire . . . . . . . . . . . . . . . . . . . . . .  45-48 
Lameaar pea.r3ize . . . . . . . . . . . . . . . . . . . . . .  :;I 89-63 
Eet'~tc- p e a f l i t e  . . . . . . . . . . . . . . . . . . . . . . .  38-4o 5 vemte . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a4-87 
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Fig. 1. Life of malleable iron at different impact energies.  1) With 
divorced pearli te;  2) lamel la r  pearlite;  3) f e r r i t e - p e a r l i t e ;  4) f e r -  
ri te.  ) Cycles to failure; - - - )  cycles  to beginning of c rack  nu- 
cleation. 

Fig. 2. Growth rate of impac t - f a t igue  crack in relation to impact 
energy for  malleable iron with different s t ruc tures .  1) Divorced 
pearli te,  o b = 60-63 kgf/mm2; 2) divorced pearli te,  o b =45-48 kgf /  
mm2; 3) lamel la r  pearli te;  4) ferr i te .  

impac t - f a t igue  strength was taken as the number of impacts the sample withstood without f rac tu re  at a given 
impact energy. 

The impac t - f a t igue  res i s tance  of malleable iron with divorced pearl i te  with A = 12 kgf -cm was 10 times 
higher than that of fe r r i t ic  malleable iron; with A = 12 kgf-cm the fer r i t ic  iron is rapidly deformed and f r ac -  
tttred, while the malleable iron has a fa i r ly  high impac t - f a t i gue  strength [3]. 

A significant charac te r i s t i c  of the se rv ice  life of a mater ia l  operating under repeated impact loads is 
the so-cal led "life", which is the operat ing t ime of a par t  with repeated impact loads f rom the beginning of the 
formation of a fatigue c r ack  up until f rac tu re  [4]. 

The life was determined as the number of loading cycles  f rom the beginning of c rack  formation to f r ac -  
ture.  

Figure 1 shows the life of var ious  malleable irons. The distance between the solid and dashed lines de-  
fines the life of the iron, i.e., the number of cycles  withstood by a sample with a crack.  

It can be seen from Fig. 1 that the life of malleable iron with divorced pear l i te  is double that of malleable 
iron with lamel la r  pearl i te ,  which indicates the g rea te r  reliabili ty of malleable iron with divorced pearli te.  
Fe r r i t i c  and f e r r i t i c - p e a r l i t i e  malleable irons have a longer life at relat ively lower impact energies than 
malleable iron with divorced pearl i te.  

The life of malleable iron is also defined as the growth rate  of a fatigue crack,  determined as the quo- 
tient f rom dividing the depth of the fatigue c rack  by the number of cycles.  The growth rate of the c rack  vs 
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impact energy is shown in Fig. 2. It can be seen that the growth rate of the fatigue crack is very high for 
ferritic malleable iron and very low for malleable iron with divorced pearlite. Thus, the low growth rate of 
the fatigue crack in malleable iron with divorced pearlite is' responsible for the longer life of machine parts 
operating with an already formed crack, and thus the higher reliability under operating conditions. 

The growth rate of the crack varies with the strength of the malleable iron. The growth rate is lower 
in the iron with higher strength (Fig. 2, curve I) despite its somewhat lower ductility. 

Thus, malleable iron with divorced pearlite, with a longer service life and greater reliability than fer- 
ritic malleable iron, has a higher structural strength in operation under conditions of repeated impact loads. 

CONCLUSION 

To increase the structural strength of machine parts made of malleable iron, it is expedient to anneal 

them to divorced pearlite. 
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RESISTANCE TO FRACTURE OF GRAY CAST IRON PIPE 

N. G. Ivanova UDC 669.13.131.6:620.172.242 

The resistance of gray cast iron pipe to hydraulic pressure depends, to a considerable extent, on the 
casting procedure and the operating conditions. Pipes produced by casting in sand molds in a low-productiv- 
ity rotary apparatus (stationary casting - SC) do not fail under a pressure of 40 arm, while pipes cast by the 
centrifugal method (CC) often crack under hydraulic pressure [i]. 

To determine the operating characteristics of castings under static loads it is necessary not only to 
determine the strength but the resistance to brittle fracture. At the present time this criterion is taken as 
the fracture toughness KIc determined on notched samples under conditions of plane strain in tension [2, 3]. 
The values of KIc were determined on notched samples i00 xl0 ×2 mm and calculated by the formula 

where  K 0 is a coeff ic ient  taking into account the f r ee  su r f ace  (according to Gross  [2]), which was taken as equal 
to 1.7 for  SC cas t ings  and 2 for  CC cas t ings ;  a N is the normal  breaking  s t r e s s ;  l is the notch depth, equal to 
1.8 ram. The r ad ius  of cu rva tu re  of the notch rn  = 0.27 ram. 

The s amp le s  we re  p r e p a r e d  (10-12 p ieces  for  each var ia t ion)  f rom c o m m e r c i a l  pipe produced  under  the 

follow ing condit ions:  

SC-1, c a s t  in sand molds  in a r o t a ry  appa ra tus  ( s ta t ionary  casting);  

CC-2, cas t  by the cent r i fuga l  method in a meta l l i c  w a t e r - c o o l e d  chi l l  mold with subsequent  heat  t r e a t -  
ment  a t  880°C for  20 rain, with furnace  cooling to 500 ° followed by cooling in a i r ;  

Lipetsk Polytechnic Institute. Translated from Metallovedenie i Termicheskaya Obrabotka Metallov, 

No. 7, pp. 25-28, July, 1978. 
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