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A change in the thickness of sheets from 5 to 20 mm 
does not affect the fatigue strength of AMg6 alloy. 

Cyclic overloading produces practically no effect on the 

tensile strength. Consequently the Crs ratio increases  
Ob 

considerably in the fatigue process .  

During exposure to alternating tension (5 million cycles) 
with the maximum s t r e s s  equal to the endurance limit no 
alteration of the initial mechanical propert ies  was to be 
regis tered in any- samples  of the investigated ser ies .  

The influence of the s t r e s s  concentration during exposure 
of alloy AMg6 to repeated application of load drops sharply 

with growing overload, and becomes almost unnoticeable 
when overloading by a factor of 1.45-1.50. Apparently, 
the plastic s train developing at the si tes of s t r e s s  con- 
centration levels off the s t r e s s  peaks and leads to a re -  
duction of the metal ' s  sensitivity to the action of s t r e s s  
concentrators.  

As it was shown by the investigation, the degree of 
cyclic overloading during application of alternating ten- 
sion and compression s t r e s s e s  may be judged by the 
appearance of the fatigue fracture and by a comparison 
of the areas  of the brit t le and plastic failure zones in the 
fracture.  
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Papers  [1] - [3] were devoted to determinations of mic ro-  
scopic s t r e s s e s ,  the sizes of mosaic blocks, and the phase 
composition of the thin surface layer result ing from the 
friction of hardened ro l le r s  simulating the performance of 
toothed wheels. It was interesting to investigate the prob-  
lems related to the changes in the fine s t ructure  at the 
frictional surface of steel gears ,  as well as those ar is ing 
in the wear process  in cast irons.  

Investigation of Tractor  DT-54 Gear Teeth. Gears  made 
from steel 18KhGT were  subjected to gas carburizing at 
920-930 ~ for a period of 16 hours (depth of layer: 1 .3-1.8  
ram), water -  and oil-quenched from 870 ~ and tempered at 
220 ~ for 1.5 hours.  The micros t ruc ture  of the teeth surface 
consisted of fine acicular martensi te  with evenly distributed 
globules of carbides (HRC 58-59). 

Pitting was found to occur in consequence of teeth wear.  
X-ray pictures were taken of sections of the tooth profile; 
the metal was also studied under the microscope.  Parallel  
measurements  were made of the microhardness  at the su r -  
face and in the inner layers .  

Iron radiation (tube BSV) was used; voltage: 45 kV, plate 
current: 14 mA. 

The parts were placed in a special chamber [2]. The 
0.14- mm slit enabled narrow lines to be produced even for 
hardened steels. The exposure was i. 5-2 hours. Thetooth 
core tempered for one hour at 600 ~ served as a standard to 
produce the characteristic curve. 

The magnitude of the residual stresses and the block 
sizes were determined from the shape of the diffraction 
curves by the method of harmonic analysis [4]. 

It was established that the sharpness  of the lines is r e -  
Iated not only to the presence of internal s t r e s s e s ,  but also 
to the variation in the size of crystal l i tes .  

U The methods used in isolating the dispersi ty A t 

effects from those of distortions A g ,  and for deter-  

mining the average sizes of the mosaic blocks, the r .  m. s. 

displacements / 7 7 ,  and relative deformations,  are 

described in detail in paper [i]. 

The phase composition of the steel in different parts  
of the rol ler  profile was determined by parallel X-ray  
analysis. Data on the variation of the microscopic 

Tooth Degree 
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TABLE 1 

Strongly worn 
out tooth, pitted 
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Fig. 1. Microhardness  variatzon m different  
sect ions of the tooth profile: 

1 - tip, 2 - pi tch-point  zone, 3 - root. 

s t r e s s e s ,  mosaic  block s i ze s ,  and the phase composi t ion in 
different  par t s  of the gear  tooth profi le  wil l  be found in 
Table 1. 

Invest igat ions have shown that  the fine s t ruc ture  in the 
surface  layer  changes with p rog re s s ive  wear ,  but differently 
for different par t s  of the tooth profi le .  The s t r e s s e s  at  the 
root  of an abraded tooth are  higher  than at  the t ip,  but at 
the same t ime  they are  infer ior  to the s t r e s s e s  at the su r -  
face of a tooth that  has not been subjected to fr ict ion.  The 
highest  proport ion of austeni te  is  observable  in the root  of 
tooth 1-1 at the spot affected by pitting. 

Microhardness  measu remen t s  were  made with a PMT-3 
t e s t e r  under 100-g load. To prevent  the edges of the sect ion 
from clogging up the invest igated gear  tooth was coated with 
an alloy. Microhardness  was  determined at the tip,  the 
root,  and the pi tch-point  zone of the tooth in t h e p l a c e s w h e r e  
X- ray  pat terns  were  taken, at a dis tance of 30 microns  from 
the working surface and along the depth of the ca rbur ized  
layer  (Fig. 1). The mic roha rdness  value of a newtoo tha f t e r  
hea t - t r ea tment ,  measured  at the same dis tance from the 
surface,  amounted to I ~ F  657 k g / m m  2 after  exposure to 
100-g loading. 

Invest igat ions revea led  that in the p roces s  of tooth wear  
mie roha rdness  in different  sect ions of the tooth prof i le  
changes unevenly. The highest  value is  found at the tooth 
root  in the spot at tacked by pit t ing - H p = 760 k g / m m  2, 
and at the pitch point - H# = 734 k g / m m  2. The lowest  
mic roha rdness  value is observable  at  the tooth tip - Hp = 
= 540 k g / m m  2. Along the tooth prof i le  sect ion the m i c r o -  
ha rdness  values  - show ~ an uneven d r o p .  In ce r ta in  sect ions 
they are  higher  than in the neighboring ones. The var ia t ion  
of mic roha rdness  showed that the act ive working l aye r s  of 
the sur face  are  being subjected to complex p las t ic  s t r a i n s  
which vary  at  different  points of the tooth profi le.  

In the process  of wear  the tooth tip undergoes temper ing.  
The mic roha rdness  in the tooth tip drops to H#540 k g / m m  2, 
the mic roscop ic  s t r e s s e s  - to 71 k g / m m  2. At the root  of 
the tooth there  appears  a poorly etching l igh t -co lored  layer  
(Fig. 2) consis t ing of s t r u c t u r e l e s s  mar tens i t e  with a ce r ta in  
proport ion of r e s idua l  austeni te  (10-12%). The mic roha rdness  

of the l ight  layer  amounts to Hp 760 k g / m m  2, the m i c r o -  
s t r e s s e s  at tain the value of 90kg/mm 2. Microscopic  f i s -  
su re s  extending in depth f rom the meta l  surface in the di-  
rect ion of the d isp lacement  of th~ contact points were  r e -  
vealed in this  l aye r  (Fig. 3). P a r t i c l e s  of meta l  separa te  
along these c racks  forming pi t t ing cav i t ies  (Fig. 4). The 
p resence  of the l ight  l aye r  leads to p r ema tu re  pitting. 

Invest igat ion of the Wear of Shot-Peening Machine 
Blades.  A comparat ive  study was made of the thin 
c rys ta l l ine  s t ruc tu re  in the sur face  layer  of blades with 
different chemical  composition. To inc rease  wear  r e -  
s i s tance  the blades were  cas t  f rom chromium pig iron 
with additions of t i tanium and boron (Table 2). 

The blades were  tes ted  for wear  r e s i s t a n c e  in a KhTZ- 
model machine.  The objective of this  invest igat ion was 
to es tab l i sh  the poss ib i l i ty  of de te rmin ing  the mic ro -  
s t r e s s e s  and the mosa ic  block s i ze s  depending on the 
chemical  composit ion of the metal .  

The blades  were  quenched from 900 ~ in oil  and sub-  
jected to a 1 .5-hour  t emper  at 200 ~ 

The mic ro s t ruc tu r e  of blades 7, 15, and 16 made from 
chromium cas t  iron consis ted of mar tens i t e  with d i spe r sed  

Fig. 2. The l ight -coolor  layer  at  the tooth 
of a s tee l  18KhGT gear .  x 400. 

Fig. 3. Format ion  of c racks  in the white Iayer  
in the root  sect ion of the tooth made from 

s tee l  18KhGT. x400. 
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Fig. 4. P~ting cavities f o r m e d a s t h e  wh~e layer 
separates  f r o m t h e  root of a steel 

18KhGT tooth, x400. 

carbides and a small  quantity of undecomposed austenite. 
The micros t ruc tnre  of blade 1 consisted of pearlite with 
graphite p!atelets. The blade hardness  values after thermal  
t reatment  and exposure to wear are given in Table 3. 

The investigation has shown that after exposure to the 
same type of heat t reatment  the formation of the thin c ry s -  
talline s t ructure  in the blades depends on the chemical 
composition of the cast iron. As may be seen f rom Table 3 
the least abraded blade 16 (0. 13 g) has the highest micro-  
s t r e s s e s  (r 112 kg /mm 9, and the smal les t  size of blocks 
6 �9 i0  -6 cm. 

The greates t  wear  was manifested by the grey- i ron 
blades. In this case the surface mic r0s t r e s se s  amounted 
to 77 kg /mm 2, while the block size was by one order  of 
magnitude higher (4 �9 10 -5) than in blade 16. 

C ONC LUSIONS 

1. The wear of metal by friction is accompanied by a 
variation of m i c r o s t r e s s e s ,  mosaic block s izes ,  the phase 
composition, micros t rue ture  and microhardness .  

2. At the f i rs t  s tages of friction the s t r e s s e s  decrease,  
then they r i se  again under the influence of the secondary 
thermal  p rocesses  but fail to attain the initial values. 

3. In the fr ict ional process  a poorly-etching brit t le white 
layer forms at the root of the tooth. This layer contributes 
to the appearance and development of pitting. 

4. It appears that one of the reasons  for the low wear 
res is tance  and the premature  formation of pitting in the 
teeth of gear 37-438 is to be attributed to the high initial 
s t r e s s e s  which ar i se  in the gears  as a resul t  of exposure 
to the water and oil quench. To improve the wear res is tance 
it is recommended that the gears  be quenched in oil. 

C Cr T !  B 

~ ,  2,10 4,63 2,60 0,31 
10 2,05 4,21 2,69 0,60 
16 1,82 4,33 3 ,46.  - -  - 

3,70 0,23 -- 

*Blade 1 was made ~ o m  gray iron. 

TABLE 2 

Pig- i ron chemical corn osition in % 

Mn 

0,75 
0,78 
0,81 

--  �9 0,71 

S !  

2.32 
2,39 
2,15 
2,4 

i Hardness HRC ~ '  
After A~er ~ ~ .~i, Blade 

No. heat 
t reatment  

7 57 
15 57--58 
16 60 
1 20 

wear .~. 
e x -  ~ 

posure 

57 0,35 
57 0.50 
58 O, 13 
19 2,10 

TABLE 3 

{ �9 

b ,a~ 

77 18 
86 9 

112 6 
66 40 

5. The formation of thin crystalline s t ructure  (micro-  
s t r e s s e s ,  mosaic block sizes) after the same type of heat 
t reatment  depends on the chemical composition of the 
cast  iron. 
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