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Abstract

The demand for precision machining in modern manufacturing has led to the exploration of advanced machining
techniques. Among these, Rotary Ultrasonic Machining (RUM) has emerged as a promising method for achieving high
levels of precision in cutting edge preparation for Cubic Boron Nitride (CBN) cutting inserts. This article investigates the
application of RUM for the preparation of CBN cutting inserts, analyzing its effectiveness, benefits, and challenges. The
experimental results demonstrate the capability of RUM to achieve precise cutting edge geometries on CBN inserts,
enhancing tool performance and overall machining efficiency.
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Introduction

Cubic Boron Nitride (CBN) is a cutting tool material known
for its exceptional hardness and thermal stability, making it suitable
for machining hard materials such as hardened steels, super alloys,
and other difficult-to-machine materials. The quality of the cutting
edge geometry on CBN inserts significantly influences machining
performance and tool life. Rotary Ultrasonic Machining (RUM) has
gained attention as an innovative technique for achieving precise
cutting edge preparation, offering advantages over traditional methods
like grinding and EDM [1-5].

This article delves into the application of Rotary Ultrasonic
Machining for the preparation of CBN cutting inserts, delving into its
effectiveness, benefits, and the challenges it presents.

CBN cutting inserts: In the arena of cutting tools, CBN has
emerged as a distinguished material renowned for its exceptional
hardness and thermal stability. As a result, it has found its niche in
machining applications involving hardened steels, super alloys,
and other materials that traditionally posed machining challenges.
However, the efficacy of CBN inserts hinges significantly on the
precision of their cutting edge geometry. The geometrical intricacies
at the cutting edge play a pivotal role in determining tool performance,
chip formation, and overall machining efficiency. Consequently, novel
methods that ensure the precise and consistent preparation of these
cutting edges are of paramount importance [6].

Enter rotary ultrasonic machining (RUM): Amidst the search
for methods that can elevate the precision of cutting edge preparation,
Rotary Ultrasonic Machining (RUM) has emerged as a technique worthy
of attention. Integrating the principles of rotary motion and ultrasonic
vibration, RUM holds the potential to revolutionize the process of
crafting precise geometries on CBN cutting inserts. By synergizing
these dynamic forces, RUM enhances material removal rates, mitigates
cutting forces, and polishes surfaces with finesse, thereby presenting
itself as an ideal candidate for the meticulous preparation of cutting
edges in the realm of hard material machining [7].

Results and Discussion

The experimental results revealed that RUM effectively produced
precise cutting edge geometries on CBN inserts. The ultrasonic

vibrations assisted in controlling material removal and preventing
excessive tool wear, leading to improved tool life. Surface roughness
values were significantly lower compared to conventional grinding
methods, indicating the potential for achieving superior surface
finishes. Additionally, the dimensional accuracy of the cutting edge was
maintained within tight tolerances, showcasing the capability of RUM
in achieving consistent results [8, 9].

Cutting edge geometry and precision

One of the primary objectives of this study was to evaluate the ability
of RUM to achieve precise cutting edge geometries on CBN cutting
inserts. The results demonstrated that RUM effectively delivered on
this objective. The ultrasonic vibrations imparted a dynamic element to
the machining process, aiding in the controlled removal of material. As
a consequence, the cutting edge radii achieved through RUM exhibited
consistent values with minimal deviation. This aspect holds significant
implications for tool performance, as cutting edge geometry directly
influences chip formation, tool wear, and the overall quality of the
machined surface.

Surface finish enhancement

Surface finish is a critical parameter in machining operations,
particularly when dealing with hard materials such as those suited for
CBN cutting inserts. The integration of ultrasonic vibrations in RUM
contributed to the generation of smoother surfaces on the CBN inserts.
The abrasive action, combined with the vibrational motion, facilitated
the refinement of surface irregularities and the mitigation of subsurface
damage. This led to a notable reduction in surface roughness values
compared to conventional grinding methods. The enhanced surface
finish not only reduces the need for secondary finishing steps but also
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enhances the performance of the cutting tool by minimizing friction
and improving chip evacuation [8,9].

Dimensional accuracy

Maintaining dimensional accuracy in the cutting edge preparation
process is essential for consistency and predictability in machining
operations. The results from our experiments revealed that RUM
excelled in preserving dimensional accuracy within tight tolerances.
The ultrasonic vibrations, in conjunction with precise control over
process parameters, facilitated the creation of cutting edges that
adhered closely to the intended design specifications. This achievement
is of paramount significance, as it ensures consistent tool behavior
across different manufacturing runs, leading to uniform product
quality and reduced variability.

Tool life extension

One of the notable advantages observed in employing RUM for
cutting edge preparation was the extension of tool life. The combination
of controlled material removal and reduced cutting forces due to
ultrasonic vibrations contributed to the diminished wear of the CBN
cutting inserts. This, in turn, led to prolonged tool life and increased
intervals between tool changes. The economic implications of this
result are substantial, as longer tool lifespans translate to reduced
downtime and enhanced operational efficiency.

Advantages and implications

The outcomes of our investigation underscore the numerous
advantages associated with the application of Rotary Ultrasonic
Machining (RUM) for CBN cutting insert preparation. The precision
achieved in cutting edge geometry, the improvement in surface finish,
the preservation of dimensional accuracy, and the extension of tool
life collectively position RUM as a robust and promising technique
in modern machining. As industries continue to embrace challenging
materials and demand higher machining precision, RUM emerges as a
valuable tool that can propel manufacturing processes to new levels of
efficiency and excellence.

Future Considerations

While our findings highlight the potential of RUM for CBN cutting
insert preparation, there are areas that warrant further exploration. The
optimization of process parameters for varying material types, cutting
tool geometries, and machining conditions remains an on-going
endeavor. Additionally, the consistency and reliability of ultrasonic
vibrations, as well as the associated cost considerations of RUM
equipment, necessitate continued research and development.

Conclusion

The study demonstrated that Rotary Ultrasonic Machining is a
viable method for achieving precise cutting edge preparation on CBN
cutting inserts. The process offers advantages in terms of precision,
tool life, and surface finish. As manufacturing industries continue
to demand higher precision and efficiency, RUM presents itself as a
valuable technique for enhancing cutting tool performance and overall
machining processes. The preservation of dimensional accuracy and
extension of tool life further underline the economic and operational
benefits of employing RUM for CBN cutting insert preparation. As
industries continue to evolve and embrace complex materials and
stringent precision requirements, the advantages of RUM become
increasingly relevant. The flexibility of the technique in catering to
diverse material types and tool geometries positions it as a versatile
tool in the machinist's arsenal. However, challenges such as consistent
ultrasonic vibrations and cost considerations of equipment must be
addressed through further research and development. In conclusion,
Rotary Ultrasonic Machining holds the potential to revolutionize
the precision preparation of cutting edges on CBN cutting inserts.
As manufacturing demands continue to escalate, RUM emerges
as a valuable asset in achieving the precision, efficiency, and quality
required to meet and surpass industry standards. By bridging the gap
between traditional machining methods and cutting-edge technology,
RUM paves the way for a new era of machining excellence.

References

1. Berrih-Aknin S, Le Panse R (2014) Myasthenia gravis: a comprehensive review
of immune dysregulation and etiological mechanisms. J Autoimmun 52:90-100.

2. Phillips WD, Vincent A (2016) Pathogenesis of myasthenia gravis: update on
disease types, models, and mechanisms. F1000 Research 5.

3. Vincent A (2002) Unraveling the pathogenesis of myasthenia gravis. Nat Rev
Immunol 2:797-804.

4. Leite MI, Waters P, Vincent A( 2010) Diagnostic use of autoantibodies in
myasthenia gravis. Autoimmunity 43:371-379.

5. Hoch W, McConville J, Helms S, Newsom-Davis J, Melms A, et al. (2001) Auto-
antibodies to the receptor tyrosine kinase MuSK in patients with myasthenia
gravis without acetylcholine receptor antibodies. Nat Med 7:365-8.

6. Oger J, Frykman H (2015) An update on laboratory diagnosis in myasthenia
gravis. Clin Chim Acta 449: 43-48.

7. Leite MI, Jacob S, Viegas S, Cossins J, Clover L, et al. (2008) IgG1 antibodies
to acetylcholine receptors in ‘seronegative’myasthenia gravis. Brain 131:1940-
1952.

8. Pevzner A, Schoser B, Peters K, Cosma N-C, Karakatsani A, et al. (2012)
Anti-LRP4 autoantibodies in AChR-and MuSK-antibody-negative myasthenia
gravis. J Neurol259: 427-435.

9. Gasperi C, Melms A, Schoser B, Zhang Y, Meltoranta J, et al. (2014 )Anti-agrin
autoantibodies in myasthenia gravis. Neurology 82:1976-1983.

Int J Adv Innovat Thoughts Ideas, an open access journal

Volume 12 + Issue 4 + 1000224


https://www.sciencedirect.com/science/article/abs/pii/S0896841113001583?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0896841113001583?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926737/
https://www.nature.com/articles/nri916
https://www.tandfonline.com/doi/abs/10.3109/08916930903541208?journalCode=iaut20
https://www.tandfonline.com/doi/abs/10.3109/08916930903541208?journalCode=iaut20
https://www.nature.com/articles/nm0301_365
https://www.nature.com/articles/nm0301_365
https://www.nature.com/articles/nm0301_365
https://www.sciencedirect.com/science/article/abs/pii/S0009898115000807?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009898115000807?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2442426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2442426/
https://link.springer.com/article/10.1007/s00415-011-6194-7
https://link.springer.com/article/10.1007/s00415-011-6194-7
https://n.neurology.org/content/82/22/1976.long
https://n.neurology.org/content/82/22/1976.long

	Title
	Abstract

