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It was demonstrated that the condit ional  static corrosion-fatigue l imi t  of steel 40Kh under stress-corrosion 

conditions depends on the depth of surface quench-hardened layer and on the ini t ia l  structure of the steel.  

Surface hardening of carbon steel by high frequency induction heating (HFIH) produces a considerable increase in 
its resistance to stress corrosion [1, 2]. The magnitude of this increase depends on the depth of surface hardening, on the 
strength of the specimen core, and on other factors whose influence was studied in this investigation. 
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1. Microhardness plotted against the dis- 

tance from steel specimen surface. Curves 1 - 4  
relate to specimens surface-hardened by HFIH 
and having the following ini t ia l  structure: 1) 
pear l i to- fer r i t ic ;  2) martensit ic;  3) troosti t ic;  
4) sorbitic. Curves 5-7 relate to specimens 
given an ordinary quench-hardening t reatment  
followed by tempering at 5) 180 ~ C; 6) 380~ 
and 7) 550~ curve 8 relating to annealed 

specimens. 

The surface hardening of steel  40Kh specimens was done 
by heating them continuously and progressively in a s ingle-coi l  
inductor of a HF induction set LGPZ-60 (frequency = 200-300 kc, 
power rating = 60 KW). The ini t ia l  structural state of the spec- 
imens varied: some had a pear l i to- fer r i t ic  structure (produced by 

annealing) while some consisted of martensite,  troostite or sot- 
bite (produced by quenching the specimens from 880~ and t em-  
pering them for 2 hr at 180, 850, or 800~ respectively).  The 
depth of the surface-hardened layer was 0.8,  1 .8  mm in marten-  
sitic specimens, 1.2 and 1.8  mm in specimens consisting of 
troostite, and 1 .4  and 1.8  mm in the case of specimens with a 
sorbitic structure. The depth of surface hardening was uniform 
in both the radial  and axial  directions. After the surface harden- 
ing, the specimens were tempered (2 hr at 180~ and ground to 
a Class 8 surface finish. The hardness of surface-hardened layer 
was HRC = 55-57;  the variation in the microhardness with the 
distance from the specimen surface is shown in Fig. 1. 

Stress-corrosion tests were carried out on cyl indr ical  spec- 
imens (20 mm diam. ) stressed in tension in a 20% I12SO4 solution 
at room temperature.  

The results showed that the stress-corrosion resistance of 

steel with tile ini t ia l  pear l i to-ferr i t ic  structure is substantially higher after surface hardening than after ordinary quench- 

hardening (Fig. 2, curves 1,4,  5, G). 

Increasing the surface-hardening depth from 0.8 to 2. ,5 mm produces a dight  increase in the condit ional  static 
corrosion-fat igue l imi t  (stress-to-rapture).  The opt imum surface-hardening depth for steel with an in i t ia l  pear l i to-ferr i -  
t ic structure is 1.8 mm. A larger increase in the condit ional  static corrosion-fatigue l imi t  is produced by surface harden- 
ing of specimens with a harder (in comparison with pear l i to-ferr i t ic)  core. And so, surface hardening by HFIH produced 
a 2 . 5 - 2 . 8  increase in the condit ional  static corrosion-fatigue l imi t  of specimens which ini t ia l ly  had a martensit ic ,  

troostitic or sorbitic structure (see Fig. 2), the optimum surface-hardening depth being 0.6, 1.2 and 1.4  mm, respec- 

t ively.  

Although the stress-corrosion resistance of steel after surface hardening is usually higher than after ordinary quench- 
hardening, the lat ter  t reatment  followed by tempering at 550 ~ C ensures a much higher resistance to stress corrosion 
(Fig. .q) .  Consequently, the surface hardening by tlFItt may be recommended as a means of improving the stress-corro- 
sion resistance of parts working under conditions that require a high surface hardness. 

Data plotted for specimens with different structures surface-hardened to the same depth (Fig. 3, curve 2) or to 
tile optimum depth for a given structure (Fig. 3, curve 8) shows that in both cases the maximum value of the condit ional  
static corrosion-fatigue l imit  after surface hardening by ttFItt was recorded for steel with a troostitic structure and the 

lowest for specimens with a pear l i to-ferr i t ic  structure. 

The differences in the stress-corrosion resistance of steel given a surface-hardening treatment  are associated with 
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differences in the structure of the material  and in the magnitude of residual stresses produced in the metal  surface layers 

(Fig. 4)~ 

Surface hardening by HFIH of specimens with an initial pearlito-ferritie, troostitic or martensitic structure produced 
surface layers consisting of two zones (I, II) possessing different microhardness (Fig. 1) and structure. 
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Fig. 2. Stress-corrosion curves of steel 40Kh specimens after the following 
heat treatments: 1, 2, 18) ordinary quench-hardening followed by tempering 
at 180, 850, and 550~ respectively; 3,4) surface hardening of steel with 
a pearlito-ferritic structure by HFIH to a depth of 0.8 ram, curves 8 and 4 
relating to specimens with one and several surface cracks, respectively; 5, 
6) surface hardening of steel with a pearlito-ferritic structure by HFIH to a 
depth of 2.5 and 1.8 mm, respectively; 7, 10) surface hardening of steel 
with a sorbitic structure to a depth of 1 .8 and 1.4 mm, respectively; 8, 11) 
surface hardening of steel with a martensitic structure to a depth of 1.8 and 
0.6 mm, respectively; 9, 12) surface hardening of steel with a troostitic 

structure to a depth of 1.8 and 1.2 mm, respectively. 

The microstructure of the surface layer of steel with an initial pearlito-ferritic structure is characterized after sur- 
face hardening by a highly dispersed martensitic structure and a high microhardness (Fig. 1, curves 1, 5); a certain reduc- 
tion in microhardness observed in zone II is attributable to a larger grain size. 
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Fig. 3. Conditional static corrosion-fatigue limit plotted against the tempering 
temperature of specimens given the following treatment: 1) ordinary quench- 
hardening- 2) surface hardening by HFIHto a depth of 1.6 mm; 3) surface hard- 

ening by HFIH to the optimum depth. 

In the case of specimens with an initial troostitic structure, surface hardening led to the formation of surface layers 
consisting of acicular martensite with an increased troostite content and having, as a result, a slightly lower microhard- 
ness (Fig. 1, curve 4, zone I); this zone changes gradually to finely dispersed martensite with a higher microhardness 
(Fig. 1, curve 4, zone II). 

Surface hardening of specimens with an initial martensitic structure produces surface layers which consist of finely 
dispersed martensite changing to a more coarsely-crystalline martensite with small troostite regions; the maximum micro- 
hardness is observed in zone I (Fig. 1, curve 2). 

*The determination of residual axial stresses was done by measuring the strain of specimens from which successive 

surface layers were removed by dissolution [3]. 
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Surface layers produced by surface hardening in specimens with an in i t ia l  sorbitic structure have a more homoge-  

neous structure (finely dispersed martensite)  whose microhardness does not vary much with the distance from the specimen 
surface (Fig. 1, curve 8). 
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Fig. 4. Distribution of residual stresses after surface hardening by HFIH of 
steel specimens with a pear l i to- fer r i t ie  structure to a depth of 0 .8  and 1 .8  

mm (curves 1 and 4, respectively),  with a sorbitic structure to a depth of 
l .  4 mm (curve 2), and with a martensi t ic  structure to a depth of 0 .6  mm 

(curve 8). 

And so, rapid HFIH during surface hardening of steel specimens with various ini t ia l  structures leads in every case 
to a refinement of the crystal structure and to an increase in microhardness. As a result, residual compressive stresses 
are produced in me ta l  surface layers; their extent and distribution depend on the depth of surface hardening, heating and 
cooling rates, changes in the specific me ta l  volumes and other factors. 

Fig. 8. The appearance of fracture surfaces of surface-hardened spec- 
mens of steel 40Kh with the following in i t ia l  structures: a, b) pear l i to-  

ferri t ic;  c) troosti t ic;  d) martensi t ic .  

When surface-hardened specimens of steel with an in i t ia l  pear l i to- fer r i t ic  structure are stress-corrosion tested, 
numerous closely situated cracks are formed on their surface; due to the se l f - re l ieving effect [5] these cracks produce 
a smaller  reduction in the condi t ional  static corrosion-fatigue l imi t  than that produced by a single crack* (Fig. 2, 
curves 8, 4). 

The fracture surface of these specimens is c lear ly  divided into two zones: a zone of the propagation of a corrosion 
crack through the surface-hardened layer,  and the zone of u l t imate  fracture in the specimen core (Fig. 8a). In isolated 
cases a bri t t le  fracture took p lace  as a result of simultaneous propagation of several  cracks, as a result of which a step- 
l ike fracture surface was produced (Fig. 5b). 

In the case of surface-hardened specimens with in i t ia l  sorbitic, troostitic (Fig. 5c) and martensi t ie  (Fig. 8d) struc- 
tures, the fracture took place  along the path of the first crack formed; meta l lographic  examinat ion revealed no other 
cracks in specimens of this kind. 

*The formation of a single crack was ensured by painting the specimen gauge portion with a bakel i te  varnish and 
then making a circular  incision in the varnish coating to expose a very narrow band of specimen surface. 
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