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Flakes  in s t ruc tu ra l  s tee ls ,  which cannot be e l iminated by annealing or reforging,  a re  assoc ia ted  
with segregat ion ,  the p r e s e n c e  of l a rge  numbers  of nonmetall ic  inclusions,  and la rge  amounts of gases  
in the me l t  [1]. 

Exper imenta l  work  at the Kuznetsk Metal lurgical  Plant  [2], the F r e z e r  Plant  [3], and e l sewhere  
indicates that f lakes induce f r ac tu r e  of machine p a r t s .  However,  there  is st i l l  no s tandard scale  for  de-  
t e rmin ing  the extent of the f lakes in f r a c t u r e s .  The GOST standard for  the m a c r o s t r u c t u r e  of carbon s tee ls  
does not give a specif icat ion for  f r ac tu re .  Delle [4] COnsiders that the question of the amount of p e r m i s s i b l e  
f lakes  mus t  be  r e so lved  in each sepa ra t e  case .  

During heat t r ea tmen t  of s t ruc tu ra l  s tee l s  with f lakes,  s t r e s s e s  occur  between mic rovo lumes  with 
di f ferent  coefficients  of expansion due to the di f ference in their  chemical  composi t ion [5]. The p r e sence  
of elongated chains of nonmetal l ic  inclusions leads to the conclusion that there  is a re la t ionship between 
f lakes  and cracking.  

F igure  1 shows c racks  in pa r t s  of s teel  45 with f lakes .  The pa r t s  were  heated to the quenching t e m -  
p e r a t u r e  of 820~ in the N-85 and N-6 e lec t r i c  furnaces  without a p ro tec t ive  a tmosphere  and cooled in run-  
ning water  until the su r face  t e m p e r a t u r e  reached 60-80~ They were  t empered  4-6 h at 540-560~ The 
sur face  hardness  af ter  t emper ing  was HB 212-248. 

Susceptibi l i ty to cracking inc reases  with the ra t io  of d/l. Thus,  for  identical flaking of the f r ac tu re  
sur face  the re jec t s  due to c racking  amount to 35% of total product ion for  bear ings  (Fig. la) and 10% for  
shafts  (Fig. lb).  Reforging followed by normal iza t ion  of the blank cut f r o m  the rol led ba r  leads to gra in  
ref ining in the su r face  of the finished piece  (bearing) but does not e l iminate  f lakes or the suscept ib i l i ty  
to c racking  during subsequent  heat t r ea tment .  

In la rge  numbers  of co l la r s  r e j ec ted  due to cracking f lakes were  noted in the f r a c tu r e  (Fig. 2). The 
co l la rs ,  24 m m  in diam. ,  were  manufac tured  f r o m  s tee l  45 of the following chemical  composi t ion:  0.48% C, 
0.24% Cr,  0.76% Mn, 0.023% P, 0.028~c S, 0.23% Ni, 0.30% Si. 

Exper imen t s  were  made with co l l a r s  22 m m  in diam.  and 4.5 m m  thick with center  holes 6.5 and 9 m m  
in diam. 

Fig.  1 Fig. 2 

Fig.  1. Cracks  in s teel  45 with f lakes a f te r  quenching in water :  a) bea r ing  
(diam. 220 x 170 mm);  b) shaft  (diam. 210 x 1020 mm).  

Fig.  2. Mae ros t ruc tu r e  of f r ac tu re  in col lar  of s tee l  45. x 5. 
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The original  m i c r o s t r u c t u r e  was f e r r i t i c - - p e a r l i t i c  with a 
gra in  s ize  of grade  7. T h e r e  were  long f e r r i t i c  bands surrounding 
chains of nonmetal l ic  inclusions or iented in the rol l ing di rec t ion 
(Fig. 3), 

Groups of co l l a r s  f r o m  six b a r s  were  given the s ame  heat t r e a t -  
ment  - -  loaded in the e lec t r i c  furnace,  heated to quenching t e m p e r a t u r e  
(with spent  c a r b u r i z e r  on the fett l ing to p reven t  decarbur iz ing) ,  held 
10 min,  and cooled in running wate r  (20~C) for  10 sec .  Th ree  groups 
of s amples  were  t r ea ted  at each quenching t e m p e r a t u r e .  Cracks  were  
detected by magnet ic  deiectoscopy.  In all cases  where  c racks  were  
fo rmed  in co l l a r s  of s tee l  45 the c h a r a c t e r  of the c racks  themse lves  
was the s a m e .  C i rcu la r  c r acks  up to 2 m m  deep occu r r ed  p r i m a r i l y  
on one side of the co l l a r s  (Fig .4a) .  Evidently these  c i r cu l a r  c r acks  

Fig.  3. Ba~ading in the or iginal  a re  due to changes in volume during quenching and the p r e s e n c e  of 
m i c r o s t r u o t u r e  of co l l a r s .Xl00 ,  f l akes .  Thc weakened sect ion (microheterogenei ty)  between the inner 

and outer  r ings f r a c t u r e s  as the r e su l t  of the quenching s t r e s s e s .  

Overhea t ing  or underheat ing of the co l l a r s  during quenching reduced  the number  of c r acks ,  p robab ly  
due to reduct ion of the change in vo lume.  When the s a m e  co l l a r s  p r e p a r e d  f r o m  s tee l  U8 with less  banding 
of the s t r u c t u r e  we re  overhea ted  in quenching the c racks  were  mainly  rad ia l  and deeper  (Fig. 4b). 

F ig .4 .  Cracks  a f te r  quenching in water :  a) s tee l  45 with f lakes ,  quenched 
f r o m  840~ b) s tee l  US, quenched f r o m  880~ 

Fig .  5. L inear  c racks  in co l l a r s  of s tee l  45: a) quenched once f r o m  
820~ b) quenched four  t imes  f r o m  820~ 
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Fig.  6. L inear  c r ack  in chain of nonmetal l ic  inclusions 
in co l la r  of s tee l  45 (the s ame  col lar  shown in Fig. 5a). 

To c la r i fy  the re la t ionship  between f lakes and suscept ibi l i ty  to c racking  we p r e p a r e d  co l la r s  of s tee l  
45 ( f rom b a r s  50 m m  in diam.) with coa r se  f lakes so  that the face  of the co l la r  coincided with the o r i en ta -  
tion of the f lakes in the b a r .  On quenching f r o m  820, 900, and 1000~ we obtained c i r cu l a r  as well  as l inear  
c r acks .  It can be  seen  in Fig.  5a how the l inear  c racks  change to c i r cu l a r  and in Fig. 5b that all c racks  
deepen with quenching four  t imes .  The banding due to the mic rohe te rogene i ty  in carbon,  chains of non- 
meta l l i c  inclusions,  and a l inear  c r ack  along one of these chains a re  v is ib le  in Fig. 6. 

The exper imenta l  data (average values fo r  three  groups of six samples )  were  as follows: 

Quenching t e m p e r -  Number  of s amples  
a ture ,  ~ with c racks ,  % 

Flakes  or iented perpendicu la r  with sample  

780 50 
800 10 
820 83.7 
830 66.6 
840 83.7 
850 100 
880 100 
950 33.3 

F lakes  or iented pa ra l l e l  with sample  

820 33.3 
900 33.3 

1000 33.3 

Most of the c racks  occurr ing  in pa r t s  manufac tured  f r o m  rol led s tock with f lakes a re  oriented in 
the d i rec t ion  of the gra in .  They can occur  even under the mos t  favorable  heat t r ea tmen t  conditions - -  with 
no decarbur iz ing  or overheat ing.  In p a r t s  made f r o m  high-quali ty s teel ,  even when the t r ea tmen t  deviates  
somewhat  f r o m  that p r e sc r ibed ,  no f lakes a re  observed .  The data p re sen ted  indicate that  f lakes a re  one 
of the mos t  dangerous defects  in pa r t s  of s tee l  45 that a re  heat t rea ted .  

Nei ther  c o m m e r c i a l  p r ac t i ce  nor  GOST provide  any s tandard  for f lakes  in this s teel ,  and a s tandard  
sca le  should be developed to supplement  GOST specif icat ions on s t ruc tu ra l  s tee l  that is heat t rea ted .  
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