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Fig. 2. Incremental deformation process, 20 deformation steps 

2.2 Results and discussion   
The resulting structures were evaluated using optical and laser 

confocal microscopy. Mechanical properties were found using a 
mini-tension test and hardness was measured. The amount of 
retained austenite was determined using x-ray diffraction analysis.  
By increasing the intensity of incremental deformation the 
influence of any fining of the martensite matrix with bainite and 
the original austenite grains on mechanical properties was 
investigated. It was found that increasing the number of 
incremental steps led to a decrease in strength properties with 
ultimate strength values of 2081 MPa at 20 deformations and 
1914 MPa with 40 deformations with a simultaneous widening 
of the interval of plastic deformation (Tab.1). At the same time 
there was also a decrease in the proportion of retained austenite 
in the structure from 17% at 20 deformations to 13% with 40 
deformations. There was no significant difference in 
mechanical properties when the number of incremental steps 
was increased to 60. Hardness values for all strategies were 
around 550 HV10. Increasing the number of incremental 
deformations on the martensite structure with bainite and 
retained austenite only caused fining of the grains, and there 
was no change to the structure (Fig. 3).  

At the highest cooling speed of 20°C/s from 900°C to 
200°C a fine martensite structure with lower bainite with 13 % 
retained austenite developed. At lower cooling speeds of 7°C/s 
a large amount of ferrite occurred and at 4.7°C/s pearlite was 
observed (Fig. 4). Structural changes led to a lowering of 
hardness values from 551 HV10 to 509 resp. 515 HV10 and 
also to a change in mechanical properties. When comparing 
cooling speeds 20 oC/s and 4.7 oC/s a drop in hardness of 400 
MPa was seen and a decrease in ductility of about 7% (Tab.2). 
 
3. CONCLUSION 
 

Thermomechanical treatment with incremental deformation 
and Q-P process was tested on low alloyed steel 42SiCr. The 
results showed the possibility of influencing the structure and 
thus the mechanical properties of the material using individual 
treatment   parameters.   Various   intensities    of    incremental 

 
Strategy: 900oC/100s-200oC/10s- 250oC/600s 

Deformation HV10 
[-] 

Rp0,2 
[MPa] 

Rm 
[MPa] 

A5 
[mm] 

RA 
[%] 

20x 551 2068 2081 13 17 
40x 548 1498 1914 17 13 
60x 540 1490 1940 15 - 

Tab. 1. Influence of increasing the number of incremental 
deformations on mechanical properties  
 

Strategy: 900oC/100s-200oC/10s- 250oC/600s  
Cooling 
speeds Deformation HV10 

[-] 
Rp0,2 

[MPa] 
Rm 

[MPa] 
A5 

[mm] 
20°C/s 20x 551 2068 2081 13 
7°C/s 20x 509 1464 1879 10 

4,7°C/s 20x 515 1221 1662 6 
Tab. 2. Influence of cooling speed on mechanical properties 

 
Fig. 1. Martensite matrix with bainite and retained austenite, 
cooling speed 20°C/s, 40 deformation steps 
 

 
Fig. 4. Martensite matrix with retained austenite and ferrite-
pearlite region, cooling speed 4.7 oC/s, 20 deformation steps 

 
deformations and cooling speeds were experimentally tested. 
An increased intensity of deformations led to a drop in the 
strength of the material with a strength of 2081 MPa with 20 
deformations - (φ = 5) and 1662 MPa with 60 deformations (φ 
= 13,4), but the plastic behavior of the material increased.   
The influence of the cooling speed on the development of the 
microstructure and its influence on mechanical properties was also 
investigated. Lower cooling speeds led to creation of a significant 
portion of ferrite and pearlite. This change to the structure resulted in 
lower hardness and strength. At a cooling speed of 4.7 oC/s ultimate 
strength was found to be about 1660 MPa and ductility only 6%. 
Further optimizing steps will lead to describing further 
influences of Q&P process on the development of structures. 
 
4. ACKNOWLEDGEMENTS 
  
This paper includes results obtained within the project 
1M06032  Research Centre of Forming Technology. 
 
5. REFERENCES 
 
Edmonds, D. V.; He K.; Rizzo F. C.; De Cooman B.C.;   

Matlock D.K. & Speer J.G. (2006). Quenching and 
partitioning martensite – A novel steel heat treatment.  
Materials Science and Engineering,  A 438–440, 25–34 

Klauberová, D.; Jirková, H.; Malina, J. & Mašek, B. (2009). 
Achieving an Excellent Combination of Mechanical 
Properties in Multiphase Steels by Controlled Development 
of Microstructure, Proceedings of the 20th International 
DAAAM Symposium Intelligent Manufacturing & 
Automation, Katalinic, B. (Ed.), pp. 1157-1158, ISBN 978-
3-901509-70-4, Austria, November 2009, DAAAM 
Intermational Vienna, Vienna 

Kraus, V. (2000).  Heat treatment and sintering, The University 
of West Bohemia, Pilsen.  

Mašek, B. – Staňková, H. - Nový, Z.: New possibilities of 
material simulation for proposal and optimalization of 
forging technology, The forging conference,2006. 

Speer, J.G., Assuncao, F.C.R., Matlock, D.K., Edmonds, D.V. 
(2005) The „Quenching and Partitoning“ Process: 
Background and Recent Progress. Materials Research, 
Vol.8, No.4, pp. 417-423 




