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The slip-rolling performance of various steel types is compatred with Maraging- and PM-type steel alloys such 

as e.g. CSS-42L, ASP2012, BIMAX42+, in the Hertzian contact pressure range up to P0max of 4 GPa. Through-

hardened 100Cr6H (AISI 52100), case-hardened 20MnCr5 (AISI 5120H) and nitrogen alloyed Cronidur30 

(AMS 5898) still compete in terms of slip-rolling and wear resistance and load carrying capacity, whereas 

Maraging- and PM-type steel alloys offer superior strength and toughness properties as well as corrosion 

resistance and annealing temperatures. 
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1. Introduction 

Downsizing (power-to-weight ratio) and higher speeds 

anticipate a continuous rise in Hertzian contact stresses 

and oil film (or surface) temperatures, which have crea-

ted a demand for next generation slip-rolling resistant 

alloys capable to withstand such contact stresses in com-

bination with slip. Friction reduction is also important for 

electric drives, as it means for them reach, as well as for 

combustion engines and gears, where CO2 reduction is 

currently the top development goal. It is metallurgically 

challenging to increase strength and annealing tempera-

ture while keeping hardness and toughness as well as 

respecting cost targets. Maraging-type and powder 

metallurgical alloys represent candidates as their 

mechanical properties match the solicitations, but less is 

known about their tribological profile under slip-rolling. 

2. Methods 

The tribological profile of uncoated tribocouples esta-

blished in a 2disk under the regime mixed/boundary 

lubrication at 120°C in endurance slip-rolling tests of ten 

millions of cycles is composed of different simultaneous-

ly recorded properties: 

- Evolution of coefficients of friction evtl. visualizing 

running-in, 

- Proving slip-rolling resistance against fatigue 

- Wear coefficients under a pre-selected Hertzian contact 

stress 

- Load carrying capacity of the tribocouple as endurance 

tests were percformed above FZG 14 (Hertzian contact 

pressures (P0max= 2.25; 2.91; 3.8; 3.92 GPa)) 

3. Results  

100Cr6 and case-hardened 20MnC5 are competitive 

under P0mean of 1.5 GPa in terms of wear resistance. 

36NiCrMoV1-5-7 illuminated, that coefficients of 

friction low as of diamond-like thin film coatings can be 

achieved by metallurgy. One of the benefits of non-

casehardened BIMAX42+ and ASP2012 were the 

reduced wear rates above P0mean of 1.94 MPa, which have 

to be assessed with other functional properties in view of 

their alloying and process costs. The wear resistance of 

CSS-42L is surprisingly sensitive to increasing contact 

stress, but its level of wear rates comparable to 100Cr6 

and 20MnCr5 not justified the alloying costs unless other 

criteria, like very high fracture toughness and strength, 

became important. The functional profile of different 

alloys slip-rolling resistant up to P0max= 3.92 GPa are 

presented as plots of wear resistance of disks versus 

coefficients of friction as function of contact stress.  

 

 
Figure 1: Tribological profile as representation of 

profilometric wear coefficients of cylindrical specimen 

versus coefficients of friction from slip-rolling endurance 

testing under P0mean from 1.5 GPa to 2.62 GPa in a factory 

fill engine oil at T= +120°C. 
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