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11.12.1 Introduction

The conual and removal of burr have become one of the most important economic factors in machining processes and as a result
have been the focus of research in machining operations in the last five decades (1) Burrs, which are smal) pieces of deformed
matenal left on the edges of the workpiece, are found in most machining operations. It brings various challenges such as worsening
the dimensional accuracy and surface finish, (32) reducing the cutting performance and life of the cutung tools, and potentially
causing acaidents to workers and consumers during usage. Burr formation is a complicated process, and its formation involves large
plastic deformation of work matenal, while the type of burrs and their characteristics depend on the type of inachining process, the
process parameters, tool property, toal geomelry, tool edge configuration, caolant, and workpiece material properues (2) The word
burr’ in machining process has been defined by many authorities. Schafer (3) described burr as the part of a workpiece that is
produced through manufactunng processes on an edge or a surface and which lies outside the desired geometry The ISO 13715 (4)
defines the edges of a warkpiece as burred if it has an overhang greater than zero, as shown in Tigure 1. Ko and Darnfeld (5) defined
burr as an “undesirable projection of matenal formed as the result of plastic llow from a cutting or shearing operation ” One of the
nirst researchers o study burmr formation at an academic level was Gillespie (6), whose defnition of burt is limited to cutiing and
sheanng processes; hence. a burr produced by those operations includes “all the material extending past the theoreiical intersection
of two surfaces, which surtound the burr ” The reference in that case is the theoretical intersection of the (wo surfaces and not the
desired surface and, in addition, Gillespie’s defimuon includes burrs that lie inside the theoretical intersection as shown in Figuce 2

Beier {7) gave a comprehensive definition of burr as a body created on a worlepiece surface during the manufacturing of a workpiece
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Figure 1 Qefinition of burrs accarding to 150 13175 Reprocuced from International Standard S0 13715 Technica! Drawings ~ Edges of Undelined
Shape - Vocabulary and Indications, 2000
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Figure 2 Examples of bun definition accarding to Gillespie. Reproduced trom Giliespie, L K Tne Ballle of the Buir New Stitegias and New Tods
Mart Eng 1996 116 1(2), 65-78.
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that extends over the intended and actual workpiece surface and has a slight volume in comparison with the workpiece, undesired,

buit to some extendded, unavoidable,

The first iesearcher to investigate chip formation in cutting process and burr formation mechanism was Pekelharing (8), and his
works descnbed burrs formation in punching process, while the first fundamental work on burr formation mechanismis was
published by Gllespie and Blotter (9). Gillespie ( 10) presented an analytical model that illustrated burr formation mechanisms and
predicted burr properties The results of this model were compared with experimental observations. The understanding of the
mechanisms behind burr formation had helped researchers focus on deburring. Advanced technology for deburring becomes more
important in order to improve productivity in machining of parts (11). Deburring has become a serious problem that needs urgent
Juention as the formation of burr edge fractures during machining means change of the geometry of products or parts. When the
deburring of a precision part is not cansidered until the final stages of manufacturing, the potential loss due to any failure in the
selection, planning, or execution of the edge-finishing process is greal (12).The cost of deburring these components may co ntribute
as much 1s 30% to the cost of finished parts (13). The selection of capable deburring and finishing processes for precision
components is highly dependent on knowledge of burr propertics. Burr size, shape, and location as well as the allowable surface
finish are the primary factors in the selection of deburring process. Burr properties are influenced by part design and process
planning decisions. To classify whether a particular burr property Is influenced primarily by the design stage or the manufacuring

stages requires burr formation data, bur formation models, and burr formation mechanism identification (12). Burr formation
during machining process is therefore a phenomenon (hat is undesirable and at the same time unavoidable. However, there are
many methods that have been suggested to either minimize burr formation or remove burrs. )

Burr can be dlassified into rollover, Poisson, tear, and cutoll based on the mechanism of formation (9). It is sometimes classified as
backward flow, sideway flow, (orward flow, and leaned burr by the burrs formation direction (14) and also as entrance buur, side burr,
and exit burr by the location of burr formation (9,14). However, two burr types have been identified 1o cause serious problems in
practice. these are rollover bures and Poisson burrs. Ko and Dornfeld (5,11) investigated the burr formation model foronthogonal cutting
and their concern was the rollover burr mechanism, the forward flow, and exit burr. In another classification by Kishimoto (15), two
types of burr, primary and secondary burrs, were identified. He daimed that through proper selection of cutling conditions and ool
geomey, the rollover burr will be separated at its thinnest portion and only a small burr remained on the edge of the machined part.
Hence, the former normal burr was named a paimary burr and the later one a secondary bu, which is the material remaining after the
breakage of the primary burr Beier (7) described a secondary burras material that remains on the edge of a part after a debumring process.

Some of the efforts in the past few decades have been devoted to study the mechanism of busr formation in machining processes
without thoroughly exhausting all the factors that could affect burr formation as identified by Yu Long and Changsheng Guo (2).
Kim et al (16) studied formation in drilling process, and they (ound that shapes and sizes of drilling burrs depended on the process
parameters. They equally observed that drilling burrs have uniform shape for most materials when the feed or cutling speed is low,
and when material is ducile, the burrs are elongated, which results in a large burr height and burr volume. But il material is britde in
nature, catastrophic fracture makes irregular-shaped burrs when the feed and speed are increased (17). Pande and Relekar (18)
described experimental investigations for reducing the burr formation while drilling through-holes in metals using uncoated
standard twist drills. Stein and Domfeld {19) presented a study on the burr height, thickness, and geometry observed in the drilling
of 0.91-mm-diameter through-holes in stainless steel 304L. The mechanism of burt formation in face milling is similar to thatin
drilling (20). Milling burrs are created mainly when the milling cutter exists at the edge of workpiece (21). Efforts by Park and
Domfeld (22} and Min et al. (17) to study burr formation with FEM are yet to yield pasitive tesults due to the inability to simulate
all four stages of burr formation as a result of material model limitation (2).

Available literature on burr formation in machining processes seems to be silent on the critical role played by different types of
coolant applications, especially vegetable oil-based coolants, in determining the quality of surface finish ofworkpiece material. Most of
the literature on burr formation focused on tool geometry, tool edge configuration, and workpiece material properties. In order to do
Justiceto the causes of burr formation in machining process, itis necessary Lo take the temperature dependency of material properties into
account when explaning burr formation phenomena (23). Again, ithas been established that the chemical composi tion and mechanical

properies of the work material, the wol, and the cutting fluid type are of vital importance in determining process performance and
finished surtace quality (24) Experimental results have confirmed that coolants based on vegetable oils show better performance than
mineral oils dunng drilling of AISI 316L austenitic stainless steel using conventional high-speed steel (HSS) tools. Since the combi-
nations of all the input parameters, including coolants, have effects on the surface integrity of the workpiece during machining process,
the need Lo investigate the effect of different types of coolants onburr formation mechanisin during machining processesis long overdue.
Ihe appheation ufvegetable oil-based cutting fluids has shown that better results were obtained for the output parameters compared to
when conventional or dry cutting were employed (25-28). This chapter therefore presents a review on burr formations in wrning.
dnlling and milling processes and highlights the need to study the effect of different coolants on burr formation mechanism,

11.12,2 Burr Formation In Turning Process

Berrs wecurring in wrning processes are Poisson burrs, which are formed when the culting edge of a tool extends beyond thw
wotlptece edpe, as shown in Figure 3 A rollover burr can be lomed if the cutting tool passes over a-graove or cutting s iemmipted

Yae (o othe £ N = . ~ j c . . %
doe e oty peomenic features of the workpiece Gillesple (29) observed that, in the turping process, most buirs are aedked a3

rollwes boaes ot the acde af the workniees when the tonl exits lrom oantine
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Figure 3 Schemalic ol Poissan, (ear, and rollover burrs, Reproduced from GlIl
Burrs. Trans. ASME 2 Eng. lnd 1976, 99, 66-74
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The results obtained for this experiment could give different results entirely
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Different coolants have a way of affecting the performances of machining process,
ation mechanism in feed direction was conducted by Teropov

In another development, an experimental study of the burr form
ecal. (31) Influence of tool angles and workpiece angles, as well as other cutting conditions, on burr dimension was considered. The
expeniments on burr furmation were carried out on a computer numerical control (CNC) turning machine tool. The experimental
setup, wol, and burr geometry are shown in Figure 5. While K10 grade of tungsten carbide-cobalt alloy was chosen as a cutting toct
material in wming of aluminum alloy Al6061-T6. Tables 1 and 2 present tool geometry and cutting conditions usad in the

\tsystem (32). Table 3

were measured afier every experiment using a laser measuremen
rvation of the burr formation process.
1

ng conditions given iR Table 3. Forsmal

will likely alter the results.

cxperiments, respectively.
The burr height (h) and burr thickness (b)

presents cutting conditions used in a special experiment executed Lo allow obse
lead

Figure 6 shows the influence of the lead angle () on the burr dimensions for cutli
angles, the burr formation is probably most related to sideward (or Poisson) burr.
~ Again, the influence of depth of cut on burr height shows that for a lead angle of 16°, the |
cut, whereas for a Jead angle of 327 or 47 °, the burr height increased proportionate o the depth of cut. They observed that chearsnis
angle of the tool dues not have any significant influence on burr dimensions, but increase in rake argle does cause qunside
ceductinn of borr thickness and height. One of the conclusions reached by the authors is thai the mechansm of by for
foed disection when cutung aluminum alloy Al60G1-T6 using a sharp tool deper oy, WOIKEHECE 30
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Figure 4 Burr formation In interrupted hard turning: (a) fresh tool, (b) worn tool. Reproduced from Pavel, R., Marinescu, 15 Deis, M. Pillar, J. Ettect ol
Toel Wear on Surtace Finish for a Case of Conlinuous and Interrupled Hard Turning. J. Mater. Process. Technol. 2008, 170, 341-349.

and feed. The mechanisrn was determined mainly by the stress state in the chip formation zone, though stiesses on the wol
clearance face hive a very shghtinfluence on the burr formation. The increased ool ralke avgle led 1o a favorable dhange of the stress
state in the chip formation zone, which resulied in a considerable reduction of burr dimensions.
The suthors considered the influence of ol angles and workpiece angles 1o study burr formation in turning aluminum .\l\u\' n
spite of significant success in studying burr formation in feed direction, it is still unclear about the mnechanism behind it The
information available on the cutting conditions shows that the experiment was conducted in diy cutting mode. Since one of the
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Tabke 1 Yool geamatiy used o oxpanments
Inclination of major £nd cutting End reliaf
Rake 29% a (*) Uearance angle ag () Load angle o () culling edge (*) edge angle (“) angle (*)
25,0, +58, 10, «20 5 10,15, 20 16, 32, 47, 66, 01 0 5 5
Hewroduead from Terapoy, AL ko, 8 -0 ki, B-h lxnwmmnl 1l Study of Burrs Formed In Feod Dirvctlon when Turning Aluminum Nto/
E0G1-TE ! Mgk, Tools Manu :mu :a, 1015-1022
Tapte 2 Cutting conditions used In experimenls
Cutmng speedv fmmin™') . Feed mata | immeav) Daopth of cut t (mm) Workplece angle W ()
800 0.05,01,015,02 05,10 15,20 90, 100, 118, 133, 147
Seproduced from Teropav, A, Ko, §<L. Kim, B-K Expersmental Study of Burrs Formed in Feed Direction when Turning Alumiaum Alloy
AGOGTTE 5 Mtach Taols Mg 2005, 45, 1015-1022
Tadla 3 Constant cutting conditions used In experiments
Cutsing speed v Food rate | Depth of Workpleca flake Clearanco Inc!ination of major End cutting End refiet
mme” ') gmmeey ) cotymm)  angle W (*)  anglew ) angloag (') cutting adge (°) edge angle (*)  angle (*)
& 01 1 90 0 10 5 5 5

-

Reproduced from T‘ opav, A; Ko, S-L; Kim, B -K. Experimental Study of Burrs Formed (n Feed Direction when Turnlng Aluminum Alloy AG061-T6. U Mach, Tools Manuf.
2008, 43 101310

o
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Burr dimensions (mim)

120 30 40 30 60 70 50 90

Lead angle (%)

ey Burr height
--@-- Burr thickness

S ———

thtﬁé 6 Bumraunersions vs ool ad angle (cutbng conditions as in Table 3). Reproduced from Teropov, A Ko, S.-L; Kim, B -K. Experbimental Study
oF Currs Bormed v Feed Duection when Tuming Afuminum Alloy AIGO61-T6 J Mach. Tools Manuf. 2005, 45, 1015-1022

tun\jmlns of vochin s o ool at high temperatute, itis possible thatif coolant was emplayed in this research, a different response
would have been obiained oa thie bun tormation parameters

Maetal ¢33} examined the suppeession of buis in turntng with ultasonic elliptical vibration cutung using theoretical models of the
strawes of detonmation zone on the workpiece adge 1 buge formation in ultasonic elliptical vibratice autting based on three-
dimensiomal cutting imodel The heoretical mmodel was clarined cxperimentally and observed that fction betweon the ool rake face
abd the chgs s ceduced o teversed by the eiliptical vibration (34-30) The catting condsiions for the experisnent are showr in Vable 4

Fae begghins o the terd ditechion buies measured in thiee catting methods are shown i Dpaie 7. 00 can be understood that (he
Rasphiie of buas gesanated i both conventional vibragon catting and elliptical vibration cutting were reduced and became smalla
et saflen with the oicrease of masdimn vibraton speed o aatting speed tiio. Based on theoretical analysis, te auihors beheved
Pt i pashipgostess and Beoding stess of deformation zone on the sarkpiece edge i bur formanon o two vibration<uditng
Betiiods are reduced due 1o the sepatatng chanactenstos between the ke face of the tool and the chip which resulicd i deocvad
Aegibats of the buny e authors obscrved that both the thcoreteal analysis aod expeinsental \u,u]l». proved that bnis wan be
cliectvedy suppeicsaod by altrasonic elliptical vibiation catting ‘
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Table 4 Cutling conditions

Work matenal
Size
Toal insert and it geometry

Aluminum (525)

30mm » 200 mm

Carbide (rake angle: —57)
Clearance angla: 12-
Approach angle: 65°

Nose radius: 0.1 mm

Speed: 3.94-18.3 mmin~"
Feed rate” 0025 mm rev™!
Deptn of cut. 0 G5 mm

Locus rcle (radius. 3.5 pm)
Lirear (amplitude: 3.5 um)
fiesunant frequency 18 66 kHz

Cutting conditions

Vibratlon condilions

Reproduced from Ma, € - Shamalo, € : Moriwa A
Itraennis Gl Bha o o Moriwakl, T, Znang, ¥ - Wang, L Suppression of Bures i Turming witt
Uitrasonie Elbphical Vibratlon Culling. it A Mach. Touls A.'].usuf 2ﬂu51 45 114;';.’&!3']'3 PUSTSE

Ll T v r
100 T
* Ordinary curting ]
T S0 A Conventional vibration cugting ~ _|
= e Clliptical vibratan eutting 1
E 6ot 4
=]
= 3
40 - 7
5 | LN
2 5 ]
2 7
."ﬁ\,#*r\ g
0 2 4 6 8

Ratio of max. vibration speed to culting spe=d

Figure 7 Heignt of burrs 1n three culting methods. Reproduced from Ma, C_; Shamoto, E. Morwiaki, T Znang, Y. Wang L Suppression of Bunsin
Terung win Ultrasgnic Elliptical Vibration Curting. int. 4. Mach. Toals Manut, 2005, 45, 1295-1300

It has been undersiood experimentally and theoretically that the friction between the 1ol rake and chip s reduced or reversed by
the elliptica) vibration It is thereflore suggested that an alternative or control expenment with the use of vegetable oil-basad coolant

which has the ability to improve friction between tool rake and chip, be used (o study the burr formaton under these conditions.,

11.12.3  Burr Formation in Drilling Process

Drilling is the most popular in machining, and burrs are formed in every machining process as a result of plasuc deformation of the
wark material. Burrs are formed when a drill enters and exits the hole (37) In drilling, the burr that forms at the entrance of the hele
Qn be 35 a 1esult of tearing: a bending action followed by clean shearing or lateral extrusion. The burr that is formed when a sharp
diill exuts the workpiece is o Paisson burr resulting (rom rubbing at the margins of the drill, and when a normal or wom-out drill
ity the unay chip ralls, it results in a rollover burr (29). Serious problems in deburring occur on the exit stage when burrs formed
e much fagger or when the exit burr is formed inside a cavity or inside a crossing hole, because there are no tools a ailable for
debuinng (¢~ 4] und sometimes, deburring is not possible. ; ;

Ko et al | 39) examined the effect of drill’s geometry on burr fonmt!on, Iln their s‘ludy, the ngcd to use a dall with varying
BEOmenry, i v yep angle and point angle, was emphasized. Two types of drills with a cuiting s!ne§d al 35 mnun ™' and five feed razes
330, 100, 150, 200, and 250 mm min~" were uscd for SMA5C alloy steel The two types of diills were conventional carbide dall

Table 5 Specification of drills for burr formation experiment
Diameter, Dy (mm)  Step angle, 82 () Step diameter, Oy mm)  Step jangih, & fmims

Dl Paint angle, ©; )

Conventional orill 140 10 ?30 g ?

Slep drl 140 10 75 8 :
140 10 60 5 2
140 10 40 8 2
140 10 -

; shome 0 Duilling o Males Frecess, Techoa! 2003 140 ™7 o
- 5.E Burr Minlmizing S6 Sk
HELa;001) finim Ky S, Chang, J -€; Yang, G
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PR T angle and asep dall desigead o contain twa ditlerent cutling edges: Lach cutting edge of the step dell had a specific
20gTe aad oty oF Q@ ankd @ and Dy dnd D wespactively. amd a step distance between edpes was Lo Table 5 presents the
gzl shaEtarer of the comventimnal dall with a 1407 poing angle and the step deills o compare burr fonmations.

Mhebariaitrgadge wah § O o e and LY sugle perfonned the diilling Thestep edge witha 75 siepangle and 10.0 inm
rmenet rovrovad e rani g part that resudied B a 10 0 oun hale Hhis eapreniment was conducred without using any coolant
i
Figuas ¥ et stow the baar toimates dassticatnin n dinthog peovess and the buars lunmed using two kinds of drill in this study,

respativedy | ftwas ohsivad g the bury toimad 0y ia'l\" Grnvyatisn gl d!i” liad IU':)[‘\)rlll shape (type B Imn in Vlpue 8 .TI]E[ el
v '
Sitwas “\‘4".?('\'.‘\..\‘.'.1;»'\“'.."\ Jaily \'i‘.h‘ vt Buough tilr Lo u|.*_. whlclyway s L Cunye ;umuﬂ drillin -,'I]*u_' sceond drl“ (|In'll
< } ’ J L

SRR avdges cdmaovad the bar fonmed duaiog the st cabtig and produied ve seoall buigrs, as shown in Figure 9 The
¢ ) h ¥ | ; ) 4

~ AT Nty

e » < i " 1 ' el 3 .
LT MmO W R A M aun  kaediate s vrpiesh s ddaiagoabie s dalhog was st hed © e g formed in te second

Lag el eQualy edueivedd £haL an the step g, vty seay 1y buses that csn lic eastly pesnnved were formed . A laser sensor
> ~ H ® ¥ ¥ 7
MRS CEOU A MR O geanety Tl avesage b lwiphas wiie vepieseptod wied comparad in Fasiee 100 The bury height in
coavenitonal drlls ssarted a8 & W= 0 i and i wrcared witdi the foed rare wiitcbe weas Tiees thoan thase ranping from 0 07 1o
\ ¥ 5
Grhmm s

T W WD AN I was noded tha

wa sl o elteconely vae thie step i in sisoninis g Lo Farmiation in his study,

Thas axperument was camad out wag

ot the sve ob vontant becaee the asthion wamed vebaye s de sy view of gie burs formation

e e e
Nep g w2
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Dosnsel g
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£y N i
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33 mm dameter and V18 point angle and (b) thice fute drill of 6 IS mm diamer, 1907 point angle, Goth with 25°
7 ] L
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Table 6  Tool geamelry for wet cutting

Graup Point style Point angls () Helix angle () Lip relet ang'z ()
i Split point 135 35 12
2 Sphit point 130 5 12
K] Split point 116 35 12
] Splil point 135 35 10
5 Split point 135 KH] 14
] Splhit point 135 30 12
7 Helical poinl 135 30 12

Reproduced fiom Danteld, 0 A Kim, ) & Do 11 Memson, 4 Clen L J O g Burr foraton i Tikzowm Alisy,
Ti-GARAV CIRF Anp 1099, 43 (N 73-70

0,0308, and 0.0762 mm rev * weve selected foi earh types of dall, hence 3 10w of 12 g conditons (42) For Gie wel catieg
conditions, two sets of diilling experiments were conducted vk caslant e Gy expenment wik (0 determine the nfivence of the

ol geomety o the bur formation, and (he secand experiine g was desigied o deteusine the il uscee of the cotting conditines
[ ] e

- ol :

e
such as feed tie and cutting speed on burr foymation Cobalt gl sped steed dntls wile diamaser (0mm z2nd varcus wol
geometries as shown in Table 6 were usald

All the experiments weie conducted on Ui-6A1-4V plates of 125 min » 100 e » 6 sun gaing s C0Cmilling cadhing The
following ubservarions were made by the authors,

1. Four types of burr formations, uniform burr, lean back bort, roll back huer, and roll Lack iy wrch wodened ern, weere seen in dry

cuiting of Ti-6Al-4V,

2, Roll back burr due 1o thermal cllegts was observed in dry cutting with relatively high fe=
confirmed by compartison with buers in wet cutting with reduced thermal effecis

3. Ring formation burr was vbserved in wet cutting and is an intermediate gpe between plamn wnifonm busy withow znzchment
and a burr with a drill cap formation

4. Geometry of the dnl) greatly affects burr formation; hehaal point drill produced smaller burs than opla paint dafl Lrper belix
angle and increasing point angle both reduced burr height and thickness.

d 1atex and cmling speeds

This w

W3S

In this study, an attempt was made to compare the effects of coolant on burr formaton dunng deiliing of Ti-ea)—sV eloy Il
clearly depicted in Figure 11 that the use of coolant can improve the burr formation during 2ny machining process
confirmed that the need (o take the temperature dependency of matenial propenies into accournt when i i
phenaomena is very sighificant

Lin and Shyu (44) desaribed an experimental investigation of improvement of teol life and exit burr using vanizble feeds when
drilling stainless steel with coated drills. The experiment was conducted on a CNC machine using 2n zustenive szinlsss see! plate

. - | \ :
! Burr formation in dry culting I Burr after teol taiiure ;

Wet cuiting

(o) Dsy cutiing . ()

Wien Ly

iy 1§ Lonrs abseried In tJ:i!lm(} Ti-6Al-4V. Reproduced from Dechow, H. im]uan'ce of the Tool en Hoig l,uu;.j\?- ,
s penects of Bugmng Digloma-Thesis Stidy, LMA, University of Calitoria, Berheley,

ng TrBaRd
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SUS 304 of 150mm x 100 mm ~ 15 mm with four types of twist drills (TiN, TiICN, CrN, and TIALN) coating standard HSS drills
-, respectively. The thickness of all the coatings

The diameter of the dellband the cutting speed employed was 8 mm and 252 m min
on the deills was 3 pin- A chuck was used to hold the diills and a water-saluble coolant was supplied at a rate of 5.0 Lmin™'. The

authars observed (hat the burt formation was severe in the exit zane when drilling stainless steel; they suggested thatit may be due

" o the high twoughness of the sialnleas steel Tgore 12 indicares 1he exit bun height far the holes for constant and variable feed
machining with a TiN-coated il 1 can be seen ihan the mazhnum bua ficight cecurred vath constanl fced machining.

The amplitude of yanlaton a = 08 sepresents a bowt feed st the exit zone and a higher feed at the middle zone. However, it does

not produce the lower burt helght as seen fom this higiee This 15 due ta the Increased outer coiner vear of the drill at the higher

=~ 0.6 Figure 13 shows the

feed machining In the mididle cone. Thie barm Relght bs shallest wlier the amphtnde of the yadation 4
burr height versus holes [ov the o different costed diills, The Tidd<omned dinll showed dwe sinallest burr height while the

a
o
4 meweaa- Constant laed
o Varlable leed
w a=0.0
Pt
-~ o] 7 =
A ‘
7/
w1 /
® o /
5 o /
= i /
. /
5 2- 4
0o N

a=0.6

0.0

T 1 1 ] [
0 10 20 30 40 50 60 70 80 90 1C0 110
No. of hole

Figurs 12 Burr hetght vs holes for constanl and variable fzed machining Ti-coated drill. Repreducsd tram i, T-R.; Shyu. R-F, Improvement of Tao!
nuf Technol. 2033 16, 308-313.

ere 2nd Exit Burr Using Variable Feeds when Drilling Stainless Stecl with Coated Drills. iaL J. Adv. Mg/

<
o

] T T 7T T T
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w
o |
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:_T E
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a0 ©
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o=l ]
|
b 2-
am ¥
o
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[=] 2
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No. of hole :

Buir height U3 hales for varlable feed machining whan the amplituda of varialion o= 08. R(pmuuceu feom L, T-R - U; WU, p £ fiprgven
£t Burr Using Varm,,le Feeds whan Prlling Slalnloss Steel with C&.rud Dﬂlls It J. Ady. I.Lfm_pf Techsal Itﬁ)ﬂ G- 06333
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Zurr heght was alse found that the bum height increases suddénly during the drilling of

ric s cunatant feed machining with respect 1o 1ol life or burr height
e wol Bife or minimum burr height.
s itz ol SO Lmkn Y ihls is the ondy information abowt the

cd duning the analyses of esulis hecause a control experiment was
st i tpe of epenmentad sotep s canual ogeriment 14 necessary. This will help to
i i 1 [

Gl of Lolant in the selidph

11124 Sary Fermation in Milling Process

Thier g of T o gy psd Baren degenitzed by Chern 1) as lughly dependent an the to-plane exitangle. e observed five types
1 g buir, (2) wave (pe b, (V) aod type Bun, (4] edge Lreadoo burr, and (5) secondary

€ Bomeeg oo pellang pwsim L) wivale

aothe bk yrertien and L Taomsrd an thie vop edye sare disessced through their

Ay of bur Brmanan was doce iy Lin (40} He coand pered g vares of winpiz-ooth face
simatcn and 10b chippiog. He found duat e bt frrusuon i dosely related o the

wart ks
staeeed b formatan and edge breakout on e woskpiecr exit edgz i onhogonal
wperirents b normalized carbon steel

Have Kislemata eral (44) conduasd faee
a a3 tsa with cuthing condiions and wal grometry. In thair Lzt two ypes of burrs

ondary burr The grirsry bu is the rollover burr prodeced on the ool exit
cness 1o maamern bur thidinzs along the lengzh of the burr.

mary by and (2) s
wrat s vary fram micimum burr thl
czammined Lo fomnauon mechznusm in (zce milling of 2luminum alloys. The expeniment involved
s alios (ALT100, 212024-T4, and AIEC51-TS) with 2 fy milling cuter (toc] bit) made of high-
Wb £24 beer: fyand to have insignificant influznez on b formation (47,47), was fed for alithe

v conihnions and wol gzomeury

Yo
- plane et angle strongly influences the geametry of the burrs in face milling and the five
ena on aluminum alloys; (2) wave-type burr was created when in-plane et angle
case the difficulty of deburmnng due to (s complaaty of geometnce shape and larger
wiied, and (3) formaton of the secondary burr was daminated by the depth of cut with some

[tz value of the crincal depth of cut fot the secondary burr increased with in-plane exit angle

3 ffealeng

s st (o annhieation of ronlant i this study will alter the tesults of the expeniment, since the temperature of the
7 rr

“inder coulant conduion

A E 0 FIICTE ke cepter using o single chanael unit of Lubrix as the MQL system, Ecocut Milao plus 82 develeped

25 b

Taulz 7 Cutting canditlons

Culing spied 248ms " (fixed)

Depin of cut 025-2.00 mm

Feed rale 0 03-0.46 mm per tooth
ln-planeexil angle 30-165"

Cutting fid Alr

Heproducsd (rom Qteera, O, Burrow, G, An Exporinaptal Sludy of Butr i{{mulinn in
Sauare Shoulder Face Wng. Mk J. Mach Tools Manul, 1098, 35 (9), 1005-1020.

Talde 8 Tool geometry

Gatmalry it
Cormer angle R
pial relied anglo 113
Ford culting edge angle { 0
faal faka angle {5
Madial rake zngle £
Tmm

Niosa raclus -

Ienmdeed from Dlvera, O Bariow. 6 A Bdeibhieita Sty of Bug Tormatict in
St Shouldey Tacs Blng. s S Mach. Tous Klannd 1S, T R R U T AR
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Figure (4 Bups locmation Feproducet finm Armciajosn A, Mativarigs, P T Vang &
Coatngs 1or Miceo-ovtiing o Marened Yool Sles) by J Mact foots Mar? 3@ 4% 1478 1

o5 atd an angle malling

especrally for MOQE machinmg anid baved vin spwchal Coiny alenbisdy evar oseed e b LR PR
cutter were usad as st als The CVD voagad Indegahbe ieers bove o bapeg st o e of 1000 s cutng rdge
fenggth of b 1 2onm The oo catting edpe aingle b 90 for bk snilie s o e basr Lot used @
reference ouaterial The face g cutter has sdivmeter ol o - Sren ahelaarsie ofa 2 07 tznbe

1} zwer [d) ol

Yand 2 |!l'r-F|| il et of Wy 1§
3 cutier. The

used for a cutung spaad of up e, = 250 momin
and theee indaxable wserts 0 can L
Z ram o7 Gie

i) om0 For funher

25 mum, a kel angle ot d = 8
Indexable inserts used were idenuical o both tools and micrely differed iz
tests. The cutung speed was 6. = 223 nonin ' Tos |hc.r.n.p1.—f.f,..»:: g, ac

tests, the cutting spead was varied 1o the range from v, == 15010 225 m :
J2=005and 0.1 L mm e texis ware performed at a constant depth of curol 2

varied Concerning the fce midling cuwter. the milling was conduasd (nthz mi

e Letween

25, and 375 mm Regandin

il Lklisy

w tha the burr value increases in e machaning wath m
nge when varying the minimum Quanlty A vanation in

1R
(3]

The esulis obatacd sf
macluning, but does net <
considerable intfucnce on burr formation. However, when varying the feed par to
toward higher values in dry machining compared with minimum quanury lubricauc
gationsinto the tatluence of corner radius revealed that the burr value increases with grawi
detected that the burr value decreases with increasing cornar radius. The supply of the Duk
paramerer that was varied within the framewark of these investgations. In this concecies Ui supp
external nozzie proved o be disadvantageous. The burr values of the exu burrs were hugher o

Mama ot the

i LIQES

machining. .
The results of this experiment show that it is notonly the application of coalant that can have 3 cffect on he machining ouipyl,

but alse the method of apphcauons such as conventional method (fioeding), high-pressure coolant, and MQL wil) in one way of

b

the other affzct the burr formation mechanism in any machining processes

Aramcharoen et al. (51) evaluated some selected hard coatings for micramithing of hardened ool sieels. The experimen
involved the use of hardened H13 ool steel (45HRC) as worlipicce material and a cetiing ol made flom ulirafine ungsten carbide
grain structure with a two-llute flat microend mill. The ols were coated using {CFUBMSIP) echnalogy (52) in Tiny, G TGN,
TIAIN, and CrTiAIN coaungs (34) and the evaluation of coating perfarmance carnad oul at cuiting conditons. Cutting paramaters
were 1 spindle speed of 30000 rpm, depth of cut of 20 mm, maximum undeformed chip thrdaess of S mm, and feed nate of

306 mm min “'. After machining, tool vear candition was evaluated using the SEM
One of the sbservalions made by the authors, which is relevant to this chapter is that, in general, most coaungs led (o reduced

burr size compared 16 the uncoated tools, as shown in Figae 14 )
d thin, high-performance ol coatings are essenual in reduang

Thus baih a sharp cutting edge (as reported in the literature) an
¢ edge and also slows

e

bur size The use of a coating (vith good adhesion) provides some protection from chipping for the quui
g angles which promote a plowing
auld

down along culting edge radius. Othenwise, increased edge radius results in more negative rak
mechanism (or matenal removal and burr formation. This experiment was condu cied without the use of covlant these resulis o

be improved with the application of coolanis,

11.12.5 Conclusion and Future Research Direction

bypes ef sachemang process, the process parameters, tool prapery, wol geometry, feol edgs conhguration. coolant af
fuaters! proparties mie feposted 1 be responsible for buit fornrations n wachiingg processes The wiuente ol &
served that the smaller (he f2ad angle (27 the Lotasa

(657 on ihe burr dipnension has been established 1wvas ob
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sideward or Poisson burr would be formed during turning of aluminum alloy AJ6061-T6 with a K10 grade tungsten carbide-cohal
alloy ool The use of an ulrasonic elliptical vibration system during machining of aluminum 525 with 3 carbide el was fonnd 1o
be capable of suppressing burr formauon during turning.

The tvpe of drills used in drilling process was found to haye an effea on the burr height For instance, the burr height in
a conventional drill started at 0.14-0.31 mm and increased with feed rate, which was found to be larger than those in the ringe of
007-0.21 mm in step drills while drilling SM45C alloy material. [{ was equally observed that geemenry of the drill greatly affecs
burr formation: a helical point drill produced smaller burrs than a split point drill, and larger helix angle and ingaasing poi-m angle
both reduced bumr height and thickness during drilling of Ti-6Al-4V matenal with cobzlt high-speed drills. Burr formztion in face
milling process by investigating the influence of cutting conditions an burr formation in face milling of aluminum allovs shows thar
the value of the eritical depth of cut for the secondary burr increased with in-plane exit angle and fracture stain of the workpiece
) The role of different coolants and methad af applicaton on bure formauon has not been thoroughly 1av estgatad. Since burr
tormation is a complicated process and its farmation involves large plastic deformation of work material, any factor that zffeqs the
temperature behavior of the material must be investigated. For instance, fing formation bur was cbsened in wer Qutting and
was an tntermediate type between plain uniform busr without awachment and s burr with a dnll €ap lormation dunrg drifling of
Ti-6A-9V material with cobalt high-speed drills. This affirmed the need for research work to be focused on the effect of ceolantan
burr formanon mechanism
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