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НАГРУЖЕНИЯХ 
 

 
This article deals with problems of changes of surface integrity components of ground hardened steels. Experiment fundamentals is 
samples preparation from hardened steel material by grinding at different cutting conditions, evaluation of origin values of surface 
integrity components and subsequently dynamic load in different surrounding. Changes of surface integrity components are 
monitoring in depending on dynamic load cycles count and kind of surrounding, in which to the load happened. Quality of surface 
and surface layer is dependence on cutting conditions a subsequently on surrounding in which will the components work. Evaluation 
of quality surface and product manufacture qualities are determinants factors for objective and correctly appreciation proprieties of 
components. From this experiment deduce conclusion, that aggressive surrounding isn’t always unprofitable for material. This 
experiment showed, that in evaluation of quality surface and surface layer due to roughness, roundness and residual stress achieving 
same values while using oil supply in corrosion surrounding as while dynamic load in normal surrounding.  
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Introduction 

 
At present is very important evaluation of cutting conditions in dependence on surface quality and surface layer. The 
new trends in machining, construction of machining tools and machines, using of new cutting materials, cutting speeds 
raising and reducing of cutting fluids forcing us further to that is necessary evaluation of quality of surface and surface 
layer.  

Important part of quality surface evaluation and subsequently using proprieties of components is Knowledge 
behaviour of component by load.  

 
Experiment  

 
The Experiment was provided in laboratory of Faculty of Production Technology and Management of J. E. 

Purkyne University in Usti nad Labem. Fundamental of experiment was prepared workpiece at different cutting 
conditions by grinding and subsequently dynamic load in different surroundings.  

Prepare of Experiment Samples, Grinding. 
The different cutting conditions were based on changes of these components: 
 cutting speed (37 [m.s-1]) 
 abrasive tool (grain – SG, CBN) 
 feed (0,26 and 0,64 [mm.min-1]) 
Dynamic load was provided in these different surroundings: 
 normal surroundings / normal surrounding with oil supply 
 corrosion surroundings / corrosion surroundings with oil supply 
By all Workpieces initial values was measured of surface integrity components. Subsequently has been the 

Workpieces severally puts the dynamic load in different surrounding. 
Evaluation of Surface quality 
The components of surface integrity were evaluated on based of Standard for ever parameters of surface integrity 

components. The evaluated components were: 
 roughness of surface (parameters Ra, Rz, Rt, material portion) 
 geometric accuracy (roundness) 
 residual stress 
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The dynamic load has been performed by relative motion of Workpieces end ceramics wheel. This motion is 
images in Fig. 1, for normal surrounding and on Fig. 2 is for corrosion surrounding. Quality of surface of all 
Workpieces has been measured and evaluation after five and seventy-eight hours. 

 
Fig. 1. Relation motion of Workpieces and ceramics wheel (normal surroundings) 

 

 
Fig. 2. Relation motion of Workpieces and ceramics wheel (corrosion surrounding with oil) 

 
Experiment and Results 
The Quality of surface and surface layer has been evaluated in initial, after five and seventy-eight hours. Is 

interest how the quality of surface is changed in dependence on gaining dynamic load hours at the different 
surroundings . 

Evaluation of surface topology - roughness 
In Fig. 3 is images graph of roughness surface by grinding with CBN grain, cutting speed 37 [m.s-1], feed 0,26 

[mm.min-1] and dynamics load at normal surrounding with oil and corrosion surrounding with oil.  
On this picture you can see origin values of surface roughness 0,87 [m] and subsequently course of curve in two 

surrounding with oil supply. The value of roughness of Workpiece dynamic loads at corrosion surrounding with oil 
supply show better value of roughness Ra 0,69 [m]  than Workpiece, which has been dynamic loaded in normal 
surrounding wit oil supply Ra 1,05 [m]. This fact is valid as well as parameter Rz, how is showed in Fig. 4. 
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Fig. 3. Roughness of surface, parameter Ra, CBN grain 

 

 
Fig. 4. Roughness of surface, parameter Rz, CBN grain 

 
In Fig. 5 and Fig. 6 are showed profiles of surface for SG grain at two different surrounding. 

a 

b 

c 
Fig. 5. Profile of surface, SG grain, normal surrounding with oil supply: a – origin; b - 5 hours; c - 78 hours 
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a 

b 

c 
Fig. 6. Profile of surface, SG grain, corrosion surrounding with oil supply: a – origin; b - 5 hours; c - 78 hours 

 
In Fig. 7 and Fig. 8 are showed profiles of surface for CBN grain at two different surrounding.  

 

a 

b 

c 
Fig. 7. Profile of surface, CBN grain, normal surrounding with oil supply: a – origin; b - 5 hours; c - 78 hours 
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a 
 

b 
 

c 
Fig. 8. Profile of surface, CBN grain, corrosion surrounding with oil supply: a – origin; b - 5 hours; c - 78 hours 

 
In Fig. 9 and Fig. 10 are showed curves of Material portion of surface profile (Abbott-Fireston curve) for SG and 

CBN grain at corrosion surrounding with oil supply after dynamic loads (seventy-eight hours).  
These curves are important for individual finished operations of machining evaluation in light of appraisal of 

functionality machined surface, their loads and problems of wear and durability. The parameters of these curves are 
value Rpk a Rvk, which describes profile of surface in light of quantity peaks and valleys in base profile of surface. 

 

Fig. 9. Material portion of surface profile, corrosion 
surrounding with oil supply, SG grain, after 78 hours 

dynamic load 

Fig. 10. Material portion of surface profile, corrosion 
surrounding with oil supply,  CBN grain, after 78 hours 

dynamic load 
 
In Fig. 11 and Fig. 12 are showed curves of Material portion of surface profile (Abbott-Fireston curve) for SG 

and CBN grain at normal surrounding with oil supply after dynamic loads (seventy-eight hours).  
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Fig. 11. Material portion of surface profile, normal 

surrounding with oil supply, SG grain, after 78 hours 
dynamic load 

Fig. 12. Material portion of surface profile, corrosion 
surrounding with oil supply, CBN grain, after 78 hours 

dynamic load 
Evaluation of geometrical accuracy, roundness 
The geometrical accuracy is one from basic requirement on production of parts in required accuracy. All machining 

tools have different precision, which is dependence on geometry of edge and material of tools. It existing many dates entry, 
which influencing machining process and subsequently quality of surface and using proprieties of parts. 

In Fig. 13 and Fig. 14 are images pictures of roundness surface by grinding with SG and CBN grain, with cutting 
speed 37 [m.s-1], feed 0,26 [mm.min-1] in corrosion surrounding with oil supply. 

 

Fig. 13. Roundness of Workpiece, corrosion surrounding 
with oil supply, SG grain, after 78 hours dynamic load 

Fig. 14. Roundness of Workpiece, corrosion surrounding 
with oil supply, CBN grain, after 78 hours dynamic load 

In Fig. 15 and Fig. 16 are images pictures of roundness surface by grinding with SG and CBN grain, with cutting 
speed 37 [m.s-1], feed 0,26 [mm.min-1] in normal surrounding with oil supply. The values of roundness were measured 
in three places on Workpiece. Final value is average value from these measured dates. 
 

 
Fig. 15. Roundness of Workpiece, normal surrounding with 

oil supply, SG grain, after 78 hours dynamic load 
Fig. 16. Roundness of Workpiece, normal surrounding with 

oil supply, CBN grain, after 78 hours dynamic load 



Серiя Машинобудування №67 

   
 25

 

 
Residual stress 
Residual stresses are very dangerous, because they are in material and parts existing without action of the 

external force. In Fig. 17 are showed courses of residual stresses of Workpieces grounded with SG and CBN grain. 

 

Fig. 17. Residual stresses of Workpieces, SG a CBN grain, origin (without load) 

 
In Fig. 17 are showed course of residual stresses curves. Both curves of stress beginning on opposite side of 

graph, for CBN grain is origin in tension zone, SG grain have origin in compression zone. Measured depth has been 
from depth 0 [mm] into 0,3 [mm]. 

In Fig. 18 are showed courses of residual stresses of Workpieces grounded with SG and CBN grain. This picture 
images course of residual stresses curves. For SG grain is evidently process of curve in compression zone from -2700 
[MPa] on origin surface to -30 [MPa] in 0,3 [mm] depth. Again for CBN grain is evidently process of curve around zero 
or near below zero in compression zone. Course of curve for SG grain is typical for this.  

Curves of course residual stresses in compressions zone are to advantage for subsequently using components in 
engineering, for dynamic straining parts working in different surrounding in light of crack formation, degradation a 
limiting state and durability of components. 

 

Fig. 18. Residual stresses of Workpieces, SG a CBN grain, corrosion surrounding with oil supply, after 78 hours dynamic load 

 
Conclusion 
Quality of surface and surface layer is dependence on cutting conditions a subsequently on surrounding in which 

will the components work. Evaluation of quality surface and product manufacture qualities are determinants factors for 
objective and correctly appreciation proprieties of components. From this experiment deduce conclusion, that 
aggressive surrounding isn’t always unprofitable for material. This experiment showed, that in evaluation of quality 
surface and surface layer due to roughness, roundness and residual stress achieving same values while using oil supply 
in corrosion surrounding as while dynamic load in normal surrounding.  

 
Анотація. Стаття присвячена проблемам зміни поверхневої цілісності компонентів загартованих сталей. Основою 
експерименту є підготовка зразків із загартованої сталі шляхом шліфування її при різних умовах різання, оцінки значень 
поверхневої цілісністності внаслідок динамічних навантажень в умовах різного оточующого середовища. Зміни поверхневої 
цілісності спостерігаються в залежності від кількості циклів динамічного навантаження та типу оточующого 
середовища, у якому відбувалось навантаження. 
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Аннотация. Данная статья посвящена проблемам изменения поверхностной целостности компонентов закаленных 
сталей. Основой эксперимента является подготовка образцов из закаленной стали путем шлифования её при различных 
условиях резания, оценки значений поверхностной  целостности вследствие динамических нагрузок в различных 
окружающих средах. Изменения поверхностной целостности наблюдается в зависимости от количества циклов 
динамической нагрузки и типа окружающей среды, в которых производилось нагружение. 
Ключевые слова: качество поверхности, динамические нагрузки, режимы резания, агрессивная окружающая среда, 
образование трещин. 
 
 
REFERENCES 
1. BAJČÍK, Š., MAJERÍK, J. Hodnotenie vplyvu strednej aritmetickej odchýlky profilu drsnosti „Ra“ v závislosti od reznej 

rýchlosti pri brúsení „vc“. In Transfer 2008 : Využívanie nových poznatkov v strojárskej praxi [CD-ROM]. 2008. vyd. 
Trenčín : Digital Graphic, 2008. ISBN 978-80-8075-356-6. 

2. BÍLEK, O., LUKOVICS, I. Grinding Model creation. In Nové smery vo výrobných technologiách 2008 – IXth International 
Scientific Conference. Prešov, Slovak Republic. FVT: TU in Presov. 2008. p. 41-44. ISBN 978-80-553-0044-3. 

3. ČILLIKOVÁ, M., SALAJ, J., MIČIETOVÁ, A., PILC, J. Influence of the cutting enviroment on the grinding of bearing steel. 
In IV. International Congress of precision machining. Kielce, Poland: Kielce University of Technology, 2007. Vol. 1. p. 177-
182. ISBN 978-83-88906-91-6. 

4. HOLEŠOVSKÝ, F., HRALA, M., ZELENKOVÁ, J. Proprieties of ground surface and significance of the grinding process. In 
IV. International Congress of precision machining. Kielce, Poland: Kielce University of Technology, 2007. Vol. 1. p. 23-28. 
ISBN 978-83-88906-91-6. 

5. HOLEŠOVSKÝ, F., MICHNA, Š., NOVÁK, M. Studium změn broušené povrchové vrstvy při dynamickém zatěžování. 
Strojírenská technologie: Časopis pro vědu, výzkum a výrobu. FVTM UJEP: 2008, roč. XII, č. zvláštní, p. 73-76. ISSN 1211-
4162. 

6. HOLEŠOVSKÝ, F., NÁPRSTKOVÁ, N. Influence of process liquid elimination on accuracy od quality of ground surface. In 
I. International Congress of precision machining. Ústí nad Labem, Czech Republic: ÚTŘV, J. E. Purkyne University. 2001. 
p. 115-121. ISBN 80-7044-358-8.  

7. JERSÁK, J. Cutting forces during grinding - Simulation Analalysis and Modeling versus real process. In Nové smery vo 
výrobných technologiách 2004 – VIIth International Scientific Conference. Prešov, Slovak Republic. FVT: TU in Presov. 
2004. p. 58-61. ISBN 80-8073-136-5. 

8. KOCMAN, K. Analýza vývojových brousících kotoučů na bázi mikrokrystalického korundu. In Strojírenská technologie, 
2010, roč. XVI., č.3. FVTM UJEP : Ústí n. Labem. p.40-47. ISSN 1211-4162. 

9. KOCMAN, K., ZEMČÍK, O. Analysis of termodynamic effect when grinding. In Nové smery vo výrobných technologiách 
2008 – IXth International Scientific Conference. Prešov, Slovak Republic. FVT: TU in Presov. 2008. p. 211-215. ISBN 978-
80-553-0044-3.  

10. LUKOVICS, I.; LUKOVICS, P. Vliv technologických podmínek na jakost broušené plochy pří výkonném broušení. In 
Strojírenská technologie, 2001, roč. VI., č.2, p.18. ISSN 1211-4162. 

11. MÁDL, J. Surface integrity and global problems. In Nové smery vo výrobných technologiách 2008 – IXth International 
Scientific Conference. Prešov, Slovak Republic. FVT: TU in Presov. 2008. p. 23-26. ISBN 978-80-553-0044-3. 

12. MÁDL, J. Theoretical aspect of precise machining. In I. International Congress of precision machining. Ústí nad Labem, 
Czech Republic: ÚTŘV, J. E. Purkyne University. 2001. p. 65-69. ISBN 80-7044-358-8.  

13. MÁDL, J., HOLEŠOVSKÝ, F. Integrita obrobených povrchů z hlediska funkčních vlastností. Miroslav Sláma. 1. vyd. Ústí 
nad Labem : UJEP, FVTM Ústí n. Labem, 2008. 230 p. ISBN 978-80-7414-095-2.  

14. MARINESCU, I., D., aj. Handbook of Machining with Grinding wheels. Boca Raton : CRC Press. 2007. 592 p. ISBN 1-
57444-671-1. 

15. MASLOV, J., N. Teorie broušení kovů. Praha: SNTL, 1979. 244 p. 
16. NÁPRSTKOVÁ, N., HOLEŠOVSKÝ, F. Aplikace software typu SCADA/HMI při monitorování procesu broušení. In 

Strojárská technológia 2004: IV. medzinárodná vedecká konferencia pre doktoradndov, školitelov a pracovnikov z praxe. 
2004. vyd. Súĺov: EDIS/Žilinská univerzita, 2004. p. 263-269. ISBN 80-8070-300-0. 

17. NESLUŠAN, M., ŠTEININGEROVÁ, J. Analýza kmitania progresívnych rezných nástrojov pri brúsení. Strojírenská 
technologie: Časopis pro vědu, výzkum a výrobu. FVTM UJEP: 2008, roč. XII, č. zvláštní, s. 185-188. ISSN 1211-4162. 

18. NESLUŠNAN, M., TUREK, S., MINICH R. Štúdium kmitania pri brúsení na základe analýzy zložiek reznej sily. In 
Strojárská technológia 2004: IV. medzinárodná vedecká konferencia pre doktoradndov, školitelov a pracovnikov z praxe. 
2004. vyd. Súĺov: EDIS/Žilinská univerzita, 2004. p. 177-183. ISBN 80-8070-300-0. 

19. NOVÁK, M. Řezné podmínky a integrita povrchu při broušení kalených ocelí. In TechMat´08: Perspektivní technologie a 
materiály pro technické aplikace. 2008. vyd. Pardubice: Univerzita Pardubice, 2008. p. 17-20. ISBN 978-80-7395-1.  

20. NOVÁK, M., HOLEŠOVSKÝ, F. Study of ground surface integrity. In Nové smery vo výrobných technologiách 2008 – IXth 
International Scientific Conference. Prešov, Slovak Republic. FVT: TU in Presov.2008.p.228-231. ISBN 978-80-553-0044-3. 

21. NOVÁK, M., Studium integrity povrchu kalených ocelí. Disertační práce. FVTM UJEP. Ústí n. Labem. 2011. 168. p 
22. VASILKO, K. Štúdium obrobiteľnosti materiálu podľa drsnosti obrobeného povrchu pri dokončovacom obrábaní. In II. 

International Congress of precision machining. Praha, Czech Republic. DMT FME: CTU in Prague. 2003. p. 64-69. ISBN 
80-01-02795-3. 


