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Material Flow in Cutting of Metals 

Affected by Low Frequency 

Modulation - A Review 
Abstract — This paper has been exhibited for different part of the misshapening field, 

material stream, and mechanics of chip division in cutting of metals with superimposed 

low-recurrence tweak (1000HZ) are described at the mesoscale utilizing rapid imaging 

and molecule picture of velocimetry (PIV). 

Index Terms — Cutting, Contact mechanics, Energy conservation, Velocity-

Modulation 

 

I. INTRODUCTION 

The cutting of pliable metals regularly includes 

consistent chip arrangement described by outrageous 

plastic strains and expansive particular energies. Suggest 

contact between the chip and device, a key element of this 

chip development, restrains liquid access to the machining 

zone with unfavorable effect on devices and life[1]. 

Discrete chip arrangement in cutting of metals can be 

influenced by superimposing a controlled low recurrence 

tweak (1000Hz) of little adequacy (1200µm) in the bolster 

or unreformed chip thickness bearing. This procedure 

named as balance helped machining (MAM) likewise 

upsets the seriousness of the chip-device contact and 

empowers liquid access, with specialist real increment in 

instrument life. MAM is one of a class of vibration-helped 

machining process. Illustration: - Elliptical-vibration 

cutting, Velocity-balance cutting, which has been executed 

prototyped for mechanical boring and turning process. 

Cutting or machining with superimposed low-recurrence 

tweak ought to likewise be recognized from ultrasonic 

vibration helped machining which includes little adequacy, 

high-recurrence vibration (at least 20khz). In a current 

investigation of MAM of flexible combinations, the 

particular vitality (u) was observed to be 40-70% littler 

than in customary machining (CM)[2]. 

The decrease in U, at both low and ordinary cutting 

velocity, had all the earmarks of being a result of the 

transient or beginning nature of twisting fundamental 

discrete chip development[3]. 

 

A chip viewpoint proportion (R) was proposed as 

measure for portraying the transient idea of the 

disfiguremen[5]t.  

 

Expanding on the earlier perceptions, the present 

examination investigates the strain decrease and transient 

chip arrangement speculation, specifically utilizing 

simultaneous examination of stream fields, powers, and 

chip development. The speculated lessening in strain levels 

and transient nature of chip development affected by the 

balance application are affirmed by coordinate estimations 

in the machining zone utilizing rapid in as yet imaging and 

PIV. Another striking component of the examination is 

synchronized estimation of hardware movement, chip 

thickness, and powers, with the end goal that these 

parameters can be overlaid onto the chip arrangement 

cycle. This has empowered an all-encompassing 

elucidation of mesoscale mechanics of machining with 

regulation, over and past the absolutely geometric/ 

kinematic angles since misshaping and particular vitality 

assumes a key part in controlling temperatures in the 

machining zone, apparatus wear, and segment surface 

honesty[6]. 

 

II. BACKGROUND 

The utilization of in-mix fast imaging in the present 

examination empowered portrayal of the unthinking parts 

of chip detachment, past the geometrical viewpoints. In 

CM, the essential disfigurement zone advances over a 

limited length of the cutting into its unfaltering state 

arrangement regularly admired as a shear plane. Amid this 

advancement, the misshapening is in a transient or nascent 

stage, wherein the powers and chip strain are normally not 

the same as in the enduring state condition. The discrete 

chip arrangement in MAM can be thought of as an 

intermittent reiteration of this transient province of CM. In 

view of the relationship, a chip perspective proportion, R-

the proportion of unreformed chip thickness was proposed 

as a measure of the transient misshapening stage and 

approved. For Ø=∏, the favored MAM condition, max 

h(t)=2hs, and 

                             R=
𝐿𝑜

2𝑜
=

𝑑 𝜃2−𝜃2 𝑓𝑤

4𝑜𝑓𝑚
                        (1) 

Equation (1) shows that R can be varied by changing 

fm/fw, thereby offering a way for exploring MAM with 

different transient levels. It may also be noted that R= ∞ 

corresponds to CM[7]. 

 

III. VELOCITY - MODULATION 

Figure 1a shows a schematic of plane–strain machining 

with a sinusoidal velocity-modulation. The cutting velocity 

varies continuously in this modulation configuration. In 

particular, the direction of instantaneous velocity is 

reversed and the tool–chip contact is completely disrupted 

(separation of tool from chip) during each cycle of 

modulation when the superimposed modulation velocity 

exceeds the mean (steady) cutting velocity, that is when 
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ωA>V, where x is the angular modulation frequency and 

2A is the peak-to-peak amplitude[8]. 

 Figure 1(a): Schematic of machining with superimposed 

modulation a velocity modulation. V is the mean cutting 

velocity. ho is the undeforms chip thickness. A is 

amplitude[9]. 

 

Figure 1(b): Feed modulation 

In practice, ωA would need to be increased beyond V to 

account for the compliance of the system. We have studied 

this configuration at low machining speeds with 

superimposed low-frequency modulation. The 

experimental arrangement used a linear motor with a DC 

field to impose the steady cutting speed and an AC field to 

effect the modulation[10]. 

Penetration of fluid into the contact at a critical 

amplitude–frequency condition typically coincides with a 

substantial reduction in the ‗‗friction coefficient‘‘ (i.e., ratio 

of tangential to normal force on tool rake face) at the 

contact. Figure 2 demonstrates the variety of this erosion 

coefficient with adjustment abundancy (An), as evaluated 

from drive estimations, for machining of Al composite 

6061-T6 within the sight of a vegetable-oil based, metal 

cutting fluid (Coolube 2210 made out of triglycerol and 

propylene glycol esters of C8 and C10 corrosive). The fluid 

was connected to the machining zone as a delicate 

stream/fog. The two plots appeared in the figure are for a 

standard cutting instrument, and for an extraordinary, 

confined contact device wherein the tool– chip contact 

territory was obliged to be inside the area of cozy contact 

by the suitable pounding without end of the apparatus rake 

confront (see inset). At the lower amplitudes of balance, 

the grinding coefficient is ~0.45, while at the higher 

amplitudes it settles to a generally low estimation of ~0.1. 

The basic condition for fluid infiltration and the grinding 

lessening is finished disturbance of the tool– chip contact, a 

reality set up by the powers achieving an estimation of zero 

over piece of the balance cycle for A>0.03 mm at this 

machining condition. 

 

Figure 2: Variation of friction modulation Amplitude 

 

IV. DISCRETE CHIP FORMATION 

A progression of plane– strain turning tests were 

completed to show discrete chip development and tool– 

chip contact disturbance with sustain adjustment. The 

examinations were organized around a minimized, piezo-

based regulation gadget equipped for being retro-fitted onto 

different machine stages. Different recurrence proportions 

(fm/fw) were forced to check the discrete chip demonstrate 

with contact disturbance; and misshapening strain in the 

chip was described to survey vitality dissemination. The 

workpiece material was Al6061-T6 in bar shape, with an 

underlying hardness of ~110 kg/mm2 and grain size of ~50 

lm. A tungsten carbide instrument of zero-degree rake 

point was used. Isopropyl liquor was connected to the 

maching zone as a delicate trickle[11].  

 

V. PIV 

PIV was utilized to portrayed streak line of stream and 

speed, strain, and strain rate field. The technique includes 

utilization of tracers scattered in the medium and following 

the movements of particles troupes by digitizing fast 

pictures of the stream.The steps in PIV are: - 

 Introducing ―particles‖ of proper size evenly 

distributed and attached to the material, so that particle 

movements reflect material flow. 

 Recording the flow described by moving particles in 

sequence of images; and  

 Analyzing pair of images from the sequence using 

correlation technique.  

 The PIV strain appropriation in a MAM chips will 

change with area because of the consistently 

fluctuating chip thickness. This need affirms the 



Akhilesh Kumar Jha et. al.  

© 2017 RAME IJAEFEA  71   

Research Association of Masters of Engineering                                                                                                                                              www.rame.org.in                                                                         

meaning of a delegate strain with a specific end goal to 

think about disfigurement at various MAM and CM 

condition. A normal strain for the chip was 

characterized as[12] 

                                   < 𝜀 >=
 𝜀𝑖𝑛

𝑖

𝑛
                              (2) 

Where n is the number of points at which the strain is 

sampled and εi is the effective (von mises) strain at point i. 

 

VI. SPECIFIC ENERGY 

The particular vitality (U) in MAM was evaluated from 

the powers and device removal. In CM, the power is 

(fcVo), where Fc is the power along Vo, and U is the 

proportion of FcVo to the expulsion rate. Be that as it may, 

in MAM, the power is (FcVo+FtVt), where Fc and Ft and 

Vo and Vt are the time fluctuating powers and speeds in 

the cutting and bolster heading, separately. The power 

input FtVt is because of the P0Oweak. 

                           𝑈 =
𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑐𝑖𝑛𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑒𝑑

=
 (𝐹𝑐𝑉𝑜 + 𝐹𝑡𝑉𝑡)𝑑𝑡

𝑡2

𝑡

𝑜𝑤𝑉𝑜(𝑡2 − 𝑡1)
 

Where t1 and t2 are the start and end times in the force 

history. 

 

VII. RESULT AND DISCUSSION 

The mechanics of material expulsion at the mesoscale 

in cutting with tweak was broke down utilizing the 

simultaneous estimations of powers and regulation 

parameters and pictures of the chip arrangement[13]. 

 

A. Comparison of U and deformation: - (Effects of R) 

The material removal rate and ho are the same at all R. 

An examination of PIV flow fields and images sequence of 

the cutting provides both quantitative and 

phenomenological bases for the energy reduction. The 

deformation is quite non-homogeneous and material flow is 

not consistent with a shear plane model of chip formation 

in strain levels in the primary deformation zone of chips 

formation with decreasing R in determining strains and 

specific energies when cutting with modulation. 

The significant reduction in U with decreasing R can 

now be interpreted in terms of the primary deformation 

levels and transient nature of this deformation at ‗r‘. The 

specific energy estimates derived from ensemble (i.e., top 

down and microscopic) force measurement is just the sum 

of the energies dissipated in the primary deformation zone 

of chips formation, secondary deformation zone at the tool-

chip interface and near-surface deformation in the 

workpiece [14]. 
 

B. Effect of Ø 

The exchange to this point has considered MAM with 

Ø=180 degree. For various Ø, the instrument and 

workpiece draw in and separate in various courses as 

appeared in the figure. For instance, when Ø=90 degree, 

the apparatuses do a large portion of the chopping while 

moving down into the workpiece. This converts into a more 

inverse (compelling) nearby rake point. The inverse is valid 

for Ø=270 degree where the greater part of the cutting 

happens when the apparatus is en route up[15]. 

 

VIII. CONCLUDING REMARKS 

It is demonstrated that the use of a controlled, 

superimposed low-recurrence balance in machining is 

compelling at upsetting the serious conditions pervasive at 

the tool– chip contact, upgrading grease of this contact and 

discretizing chip arrangement to exceptional levels. 

Disfigurement levels in the chip are observed to be 

significantly lower under fitting adjustment conditions. 

These perceptions recommend enhanced vitality efficiency 

in MAM. A geometric model of chip development portrays 

the basic amplitude– recurrence conditions essential for 

understanding these beneficial impacts and was confirmed 

utilizing plane– strain machining tests over a scope of 

machining forms. The model and perceptions recommend a 

structure for mechanical execution of MAM. The relative 

commitments of adjustment in diminishing machining 

vitality through changes in the essential twisting attributes 

and through impacts on the tool– chip grating condition; 

deliberate evaluation of vitality lessening and device wear 

(assuming any); and improvement of balance conditions 

concerning specific target capacities, nonetheless, stay to 

be investigated[16]. 

 

REFERENCES 

[1] Shaw, M.C.: Metal Cutting Principles, 2nd edn. Oxford 

University Press, Oxford, 1984. 

[2] Nakayama, K.: Studies on the mechanisms of metal cutting. 

Bull. Fac. Eng. Yok. Natl. Univ. Jap. 8, 1–26, 1959. 

[3] Doyle, E.D., Horne, J.G., Tabor, D.: Frictional interactions 

between chip and rake face in continuous chip formation. 

Proc. Royal Soc. Lond. Sect. A 366, 173–183, 1979. 

[4] Ackroyd, B., Chandrasekar, S., Compton, W.D.: A model for 

the contact conditions at the tool-chip interface in low-speed 

cutting of pure metals. J. Tribol. 125, 649–660, 2003.  

[5] Williams, J.A., Tabor, D.: The role of lubricants in 

machining. Wear 43, 275–292, 1977. 

[6] De Chiffre, L.: Mechanics of metal cutting and cutting fluid 

action. Int. J. Mach. Tool Des. Res. 17, 225–234, 1977.  

[7] Wakabayashi, T., Williams, J.A., Hutchings, I.M.: The 

kinetics of gas-phase lubrication in the orthogonal machining 

of an aluminium alloy. Proc. Inst. Mech. Eng. Part J: J. Eng. 

Tribol. 209, 131–136, 1995. 

[8] Huang, C., Lee, S., Sullivan, J.P., Chandrasekar, S.: In situ 

measurement of fluid film thickness in machining. Tribol. 

Lett. 28, 39–44, 2007. 

[9] Tobias, S., Fishwick, W.: The chatter of lathe tools under 

orthogonal cutting conditions. Trans. ASME 80, 1079–1088, 

1958. 

[10] Findley, H.: Method and apparatus for cutting material. US 

Patent 3,174,404, 1965  

[11] Kumabe, J.: Vibration cutting—basic principle and 

application, Jikkyo Shuppan Books (1979), as cited in 

Zhang, D., Wang, L.: Investigation of chip in vibration 

drilling, Int. J. Mach. Tool. Manuf. 38–3, 165–176, 1998. 

[12] Moriwaki, T., Shamoto, E.: Ultraprecision diamond turning 

of stainless steel by applying ultrasonic vibration. CIRP Ann. 

40, 559–562, 1991. 

[13] Moscoso, W., Olgun, E., Compton, W.D., Chandrasekar, S.: 

Effect of low-frequency modulation on lubrication of chip-

tool interface in machining. J. Tribol. 127, 238–244, 2005. 



Material Flow in Cutting of Metals is affected by Low Frequency Modulation 

© 2017 RAME IJAEFEA  72   

Research Association of Masters of Engineering                                                                                                                                              www.rame.org.in                                                                         
 

[14] Shamoto, E., Moriwaki, T.: Study on elliptical vibration 

cutting. CIRP Ann. 43, 35–38, 1994. 

[15] Toews III, H.G., Compton, W.D., Chandrasekar, S.: A study 

of the influence of superimposed low-frequency modulation 

on the drilling process. Precis. Eng. 22, 1–9, 1998. 

[16] Chhabra, P.N., Ackroyd, B., Compton, W.D., Chandrasekar, 

S.: Low-frequency modulation-assisted drilling using linear 

drives. 

 


