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Fatigue damage can be determined from microhardness measurements [I]. This method makes it 
possible to follow the changes occurring in local areas of the metal [2]. 

We studied the changes in microhardness during cyclic loading of aluminum alloys DI6, V95, and 
AD33, steel 30KhGSA, and M2 copper. The aluminum alloys and copper were studied in the annealed and 
cold worked conditions, and steel 30KhGSA in the improved condition and after low-temperature tempering. 
The chemical composition of the materials investigated matched the GOST specifications. 

The investigation showed that to obtain comparable results it is necessary to make at least 200 tests 
and t rea t  the resu l t s  stat ist ical ly.  

For  the measurements  of the microhardness  the rod samples (9 mm in diameter ,  80 mm long) were 
milled flat along the length (the flat surface wag 7.5 mm wide). The microhardness  was measured  ac ross  
the fiat surface,  the direction of each of two lines of imprints  (100 measurements  in each) lying at an angle 
of about 20 ~ to the axis of the sample. The load on the diamond pyramid was respect ively  50, 100, and 
200 g for measurements  of the copper, aluminum, and steel samples.  The imprints,  made a rb i t ra r i ly  
with respec t  to the positions of the s t ructura l  components of the alloys, were made at distances exceeding 
twice the diagonal. 
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Fig. 1. Variation of microhardness  of fatigue samples of M2 copper 
and V95 alloy, a) Annealed condition; b) cold worked condition. - . . . .  ) 
Before loading; ) one loading cycle; . . . .  ) t~vo loading cycles; 
. . . . . .  ) three loading cycles. 
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Condition of 
samples 

Improved II 

rempered at low- 
temperature 

Loading period 

5.106 

III 

II 

III 

Number of cycles 

2.105 
10 7 

5.106 
1.8"10 6 

4,13'i0 ~ 
8.10 6 
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5.10 5 

10 6 
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T a b l e  1. M i c r o h a r d n e s s  of S tee l  30KhGSA a f t e r  C y c l i c  L oa d ing  

%, kg/mm 2 
Initial micro- 
hardness 

15 427 

400 
30 

15 

30 

4O 
30 

20 

362 
427 

400 
362 
427 

362 

549 

Change in microhardness 

-41 
-~14 

-32 

+ 14 

+32 
0 (samples failed) 

0 
-20 

0 

40 -40 
25 509 0 

-20 
20 

549 -20 
4" 106 40 + 40 
8"106 25 509 0 

8.5:106 0 
20 

40 
24 + 40 

8.5"106 
3.6"106 

i07 + 6.3"106 

549 

509 

-20 
+ 10 (samples failed) 
+ 40 (samples failed) 

Note: The data for each period are for different samples. 

The  s a m p l e s  w e r e  s u b j e c t e d  to c y c l i c  l oad ing  in a S c h e n k - L e h r  m a c h i n e  a t  a l oa d ing  f r e q u e n c y  of 
30 Hz. The gage  l eng th  of the s a m p l e  was  s u b j e c t  to p u r e  bend ing  in one p lane  so  tha t  the bend ing  m o m e n t  
was  i d e n t i c a l  t h roughou t  the c r o s s  s e c t i o n .  The m i c r o h a r d n e s s  was  m e a s u r e d  on the s u r f a c e  s u b j e c t e d  to 

p u l s a t i n g  t ens ion .  

The m e a s u r e m e n t s  for  c o n s t r u c t i n g  the d i s t r i b u t i o n  c u r v e s  w e r e  m a d e  b e f o r e  and a f t e r  the load ing  
c y c l e .  At  l e a s t  200 m e a s u r e m e n t s  w e r e  used  to d r a w  each  c u r v e .  The n u m e r i c a l  d a t a  for  d r a w i n g  the d i s -  
t r i b u t i o n  c u r v e s  w e r e  the r e a d i n g s  f r o m  an o c u l a r  m i c r o m e t e r ,  which  m a d e  i t  p o s s i b l e  to d r a w  the c u r v e s  
wi th  the h i g h e s t  p r e c i s i o n .  The c o n v e r s i o n  of the o c u l a r  m i c r o m e t e r  r e a d i n g s  to i m p r i n t  d i a g o n a l s  led  to 
v a l u e s  tha t  w e r e  too c l o s e  t o g e t h e r  m a k i n g  i t  i m p o s s i b l e  to ob ta in  f r e q u e n c y  c u r v e s  in a n u m b e r  of c a s e s .  

The c o n v e r s i o n  to m i c r o h a r d n e s s  l ed  to add i t i ona l  e r r o r .  

The  changes  in the  m i c r o h a r d n e s s  of fa t igue  s a m p l e s  a r e  due to p r o c e s s e s  o c c u r r i n g  in the  m e t a l  du r ing  
the d i f f e r e n t  s t a g e s  of f a t igue .  T h e s e  a r e  due to l a t t i c e  d e f e c t s ,  wh ich  d e t e r m i n e  the c o u r s e  of d e f o r m a -  

t ion and s u b s e q u e n t  f a i l u r e .  

F a t i g u e  can  be  d i v i d e d  into t h r e e  s t a g e s .  In the f i r s t  s t a g e  the d i s t o r t i o n  of the c r y s t a l  l a t t i c e  in -  
c r e a s e s ,  the  d i s l o c a t i o n  d e n s i t y  i n c r e a s e s  up to a c e r t a i n  c r i t i c a l  va lue ,  and the m i c r o h a r d n e s s  and s t r e n g t h  
c h a r a c t e r i s t i c s  of the m e t a l  a l s o  i n c r e a s e .  In the  s e c o n d  s t a g e  d i s c o n t i n u i t i e s  occur ,  wi th  d i s l o c a t i o n  p i l e -  
ups  a t  b a r r i e r s ,  and n u c l e a t i o n  and d e v e l o p m e n t  of s u b m i c r o s c o p i c  c r a c k s .  The r e s i s t a n c e  to p l a s t i c  d e -  
f o r m a t i o n  d e c r e a s e s  and the m i c r o h a r d n e s s  f a l l s  be low the o r i g i n a l  l eve l ;  the s u b m i c r o s c o p i c  c r a c k s  d e v e -  
l op  into  c r a c k s  of m i c r o s c o p i c  s i z e .  In the t h i r d  s t a g e  the m i c r o c r a c k s  uni te  into c r a c k s  of m i c r o s c o p i c  

s i z e  and f a i l u r e  o c c u r s .  

The m a t e r i a l s  i n v e s t i g a t e d  can be  d iv ide d  into  t h r e e  g r o u p s :  1) the  t ho rough ly  a n n e a l e d  s a m p l e s  of 
c o p p e r  and n o n f e r r o u s  a l loys ;  2) the  s a m p l e s  of c o p p e r  and n o n f e r r o u s  a l l o y s  wi th  s o m e  d e g r e e  of co ld  
work ing ;  3) the s a m p l e s  of s t e e l  30KhGSA in the i m p r o v e d  cond i t ion  and a f t e r  l o w - t e m p e r a t u r e  t e m p e r i n g  

The  v a r i a t i o n  of the m i c r o h a r d n e s s  of c o p p e r  and the V95 a l l o y  is  t y p i c a l  of the f i r s t  g roup  (F ig .  1). 
As can  be s e e n  in F ig .  1, the m i c r o h a r d n e s s  f i r s t  i n c r e a s e s  and then d e c r e a s e s  in the p r o c e s s  of load ing .  
A f t e r  one load ing  c y c l e  (5 • 105 cyc l e s )  of the  V95 a l l o y  a t  a s t r e s s  a m p l i t u d e  cra = 8 k g / m m  2 (F ig .  l a )  the 
f r e q u e n c y  c u r v e  i s  sh i f t ed  to the l e f t . *  A f t e r  the s e c o n d  load ing  p e r i o d  (4.2 • 104 c y c l e s  a t  Ca = 8 k g / m m  2) 

In a c c o r d a n c e  wi th  the  m e t h o d  u sed  to d r a w  the d i s t r i b u t i o n  c u r v e s  f r o m  the r e a d i n g s  of the o c u l a r  m i c r o -  
m e t e r  on the P M T - 3  a p p a r a t u s ,  the m i c r o h a r d n e s s  i n c r e a s e s  f r o m  r i g h t  to l e f t .  
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Fig. 2. Variat ion of m i c r o h a r d n e s s  in fatigue 
samples  of heat  t rea ted  s teel  30KhGSA 
during cyclic  loading, a) Improved condition; 
b) af ter  quenching and l o w - t e m p e r a t u r e  t em-  
pering.  The loading per iods  a re  given on the 
curves .  

the mic roha rdness  drops  below the original  level  (H 159- 
174), leading to f a i l u r e .*  The mic roha rdnes s  va r i ed in  
the s ame  way for the copper  s amples  (Fig. lb).  After  
the f i r s t  loading per iod (5 • 10 ~ cycles)  the m i c r o h a r d -  
ness  inc reased  sharp ly  ( f r o m  58 to 75). After  the second 
period (10 ~ cycles)  the m i c r o h a r d n e s s  dropped to H 66. 

The var ia t ion  in the m i c r o h a r d n e s s  of copper  and 
the V95 alloy was also typical of the second group of 
m a t e r i a l s  (Fig. lb).  In these samples  the m i e r o h a r d n e s s  
dec rea sed  during cycl ic  loading. In the original  condition 
the mic roha rdnes s  of the copper  samples  averaged  H 76. 
In the f i r s t  loading period (5 • 105 cycles  at o- a = 5 k g /  
m m  2) it  dropped to 72, while in the second per iod (5 • 
106 cycles  at  the s ame  s t r e s s )  it dropped to H 68. After  
the third per iod it  dec rea sed  only sl ightly (Fig. lb).  The 
samples  of alloy V95 also had a high m i c r o h a r d n e s s  in 
the original condition. In the f i r s t  loading period (2 • 
105 cycles  at cra = 14 k g / m m  2) the ave rage  m i c r o h a r d n e s s  
r ema ined  a lmos t  unchanged, while af ter  the second 
per iod (7.5 • 104 cycles)  the m i c r o h a r d n e s s  d e c r e a s e d  
cons iderably  and the samples  failed. 

In the tes ts  of the third group of m a t e r i a l s  the m i c r o -  
ha rdness  of the improved  samples  of s teel  30KhGSA f i r s t  

dec rea sed  and then inc reased  ( see  Table  1). The shift  in the f requency curves  for  the improved  and t em-  
pe red  samples  can be seen in Fig. 2. In the f i r s t  loading period (5 • 106 cycles  at cra = 15 k g l m m  2) the 
average  m i c r o h a r d n e s s  of the sorb i te  d e c r e a s e d  f rom 427 to 368 t in the improved  s a m p l e s .  After  the 
second long loadin~ period the m i c r o h a r d n e s s  inc reased  to H 400. After the third per iod (4.14 • 105 cycles  
at aa  = 40 k g / m m  the samples  failed. In the f i r s t  loading per iod of the samples  t empered  at low t e m p e r a -  
ture (10 ~ cycles  at aa  = 40 kg/mm2( the m i c r o h a r d n e s s  of the m a r t e n s i t e  dropped f rom H 549 to H 509. In 
the second period (4 • 10 ~ cycles) the original  m ic roha rdnes s  was rees tab l i shed .  After  the third per iod 
the m i c r o h a r d n e s s  inc reased  stil l  m o r e  and the f r ac tu re  of the s amples  was br i t t le .  

CONCLUSIONS 

I. As the result of cyclic loading of annealed materials the microhardness first increases, then de- 
creases below the original level, followed by failure. It can be assumed that the initial stresses cause an 
increase of the lattice defects but no damage. Further cyclic loading leads to discontinuities and accumu- 

lated damage. 

2. In cold worked plastic materials one finds a monotonic reduction of the mierohardness with in- 
creasing numbers of loading cycles. Evidently because of the high initial dislocation density, the increase 
in the number of lattice defects with the number of loading cycles leads to loosening of the lattice and dam- 

age of the sample. 

3. During cyclic loading of thermally hardened structural steel the microhardness first decreases 
and then increases, failure occurring as the microhardness increases. Probably the drop of the micro- 
hardness is due to resorption of the areas of lattice defects because of favorable diffusion conditions at the 

beginning of cyclic loading [3], while the later increase is due to cold working. The reduction of internal 
stresses in the first stage must have a favorable effect on the fatigue resistance of thermally hardened steel. 

* The samples fractured at the ends clamped in the machine, since the ends of the samples were not spe- 

cially reinforced. 
During the measurements of the microhardness of the sorbite the diamond pyramid also came into con- 

tact with a large number of particles of both phases in the given structure. 
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