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Abstract. The boring of the valve seats of internal combustion engines is done approximately 21 million times per year,
only in Brazl. Excessive vibrations during this operation are common and can adversely affect dimensional and
geometrical tolerances. The sealing of the combustion chamber is prejudiced, resulting in loss of power and higher
emission of gases, harming the environment. The material of the valve seat is sintered steel with high hardness (370-
410 HB) and is machined with expensive CBN blades. In order to avoid the generation of excessive vibration during
machining, operators reduce cutting speed and feed rate, which consequently causes reduction of the productivity. In
this context, more investigation of the processis required to achieve best cutting conditions without excessive vibration
or chatter. Thiswork aimisto study the influence of cutting parameters (cutting speed, feed rate and cutting fluid) and
blade geometry in the process. The output variables were vibration signal amplitude and roughness. The results
pointed that the search of optimal cutting parameters is not enough and some modifications are needed in the tool
design and blade geometry.

Keywords: seat valve, sintered steel, boring, cubic boron nitride tools (CBN).

1. INTRODUCTION

The valves of internal combustion engines of autoifee have the function of control the flow of tladr-
combustible mix (admission valves) and the burnaskg (discharge valves), during the Otto cycle. vidiees should
fit perfectly in their seats, to obtain a perfeealing. The valve seats are made from sintered ategs of high
hardness, obtained from powder metallurgy. Thisinetogy had highlight in the last decades, beiqgacess with a
constant evolution and competitive cost, bringingmberless creative solutions for many problems e t
manufacturing area. As examples, it candited the process of shaping of sintered partqjltieg in excellent
mechanical properties, alloy obtaining processaed “mechanical alloying”, and especial sintetiiza processes,
called quick solidification, activated sinterizatjdiquid phase sinterization and others. These dewelopments are
making the powder metallurgy a remarkable proaeske craft of manufacturing simple or complex pavith none or
small need of posterior machining, for a large etgriof applications in the aeronautical and autaveotéreas (Dias,
2006).

The Automotive Vehicles Manufacturers National Asation (ANFAVEA) reported that the annual prodoatiof
vehicles in Brazil is about 2.7 million (Alerigi.J2009). The most of engines has eight valvesefbee, the operation
of boring of valve seat is made about 21.6 milliones per year, only in our country. It is cleaattany gain in the
reduction of the machining time or improvementtia tife of the expensive CBN tools will represemraat saving for
the industry. The boring of the valve seats mustdbee with adequate cutting parameters to ensweidbal
compromise between tool life, productivity and l@wvel of vibrations, resulting small surface roughs and roundness
deviation. This is important to assure the seatihthe combustion chamber, avoiding power lossesraducing the
emission of gases of the engine (Siquetral., 2006). In small engines, the valve guides areenfe@in sintered steel
hollow cylinders or high strength brass extrudeduine shape. Figure 1 shows a drawing of an asseinMallve, with
her seat, guide and spring. The seat and the guésecured in the head by an interference fitpnéwiously machined
cavities in the engine head. After this, the guglbored to achieve the narrow dimensional tolezaaued the seat is
bored to achieve the profile which allows the bragi@s flow and the minimum surface roughness (Gogds, 2004).
The two operations are generally performed simelbasly.
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Figure 1. Schematics of the valve in the enginajéetl from Volvo, 2006)

The vibrations in the part-tool-machine system wmiyrithe boring operation are common and can achieve
unsatisfactory levels, which cause visible markthatmachined surface of the valve seats. Thislpnolis aggravated
by the high hardness of the material and the ldcitifiness of the machine tool. When operatorsceothe problem,
they use to reduce the removal rate, prejudiciegptioductivity (Polliet al., 2005).

The cutting edge geometry and its effect in thehimaog performance always has been a topic rese@fwre is a
compromise between productivity and tool life. Thating edge must withstand high mechanical steggbsthermal
stress with small wear, enabling the machiningafdong time (Karpat and Ozel, 2007). It is knowatthharp cutting
edges are not adequate for machining, becausectireigreak. The tool makers introduced several nuadibns in the
cutting edge, like unique or double chamfers, oombination of curvature radius and chamfer (Macheidl., 2009).
Tools with chamfered cutting edges are usually eggd in roughing out operations and interrupted Ghie part
material can adhere at the frontal part of theirgtedge, raising the strength of the tool tip, blsio increases the
cutting forces. The tools with a small roundingteé cutting edge are called honed tools and ardogmqb in finishing
operations. The rounding of the cutting edge adéses the tool strength to impact. Some cuttingesdgere designed
to have a rounded chamfer in order to combine dwoel gharacteristics of both. This kind of geomeiages the flow of
the part material at the exit surface. The pragaection of the cutting edge geometry (chamferleaagd height,
cutting edge radius) is possible, because the ba@haf/the flow of material around the cutting edgewell known.
Karpat and Ozel (2007) assure that the effect @fctiiting tool honing in the cutting mechanism basn investigated
by numerous researchers, using simulations andriexpetal methods and any modification at the cgtialge of the
CBN blade modifies the cutting forces behavior, titha life and the observed vibrations. Zheiwal. (2003) show that
the chamfer angle of CBN blades has a great infl@en the cutting forces and tool life. They obsehthat the three
components of the forces increased with the graftihe chamfer angle, mainly the passive force. §thength of the
cutting edge of the CBN blade also increases wherchamfer angle rises, but the tool life doesfolldw this way.
Chenet al. (2006) investigated the performance of CBN toakh whamfered and rounded cutting edges when tgrnin
AISI 52100 hard steel. They showed that honed edgede employed for hard turning when tensilegipel stresses
in the tool are maintained at a low magnitude. Cleaadl edges produce less compressive residuakstrem the
surface. However, away from the machined surfameperessive residual stresses penetrate deepehateorkpiece.

The goal of this work is to know better the infleerof the cutting speed, feed rate and the cudtitye geometry in
the resulting cutting forces, vibrations, roundnédssiations and surface roughness of the valves sdtdr the boring
operation with CBN blades. The expected result stadle cut, with minimal vibration and small sedaroughness,
guaranteeing perfect sealing of the combustion tlsymand with this, avoiding power losses and redudhe
emission of gases from the engine, benefiting theirenment. Besides, the spending with CBN bladesthie
production line is expected to be reduced.

2. EXPERIMENTAL PROCEDURE

The tests were performed with sintered steel rnimigis 370-410 HB hardness, utilized in the fabrioatdf the seats
of the admission valves of automotive 1.4 | engirié®e ring dimensions and the final profile of tveve seat are
shown in Fig. (5). The methodology consisted in ltloeing of the rings with a rotating tool with fo@BN blades,
disposed 90° from each other, as shown in Fig.TB¢ position angles associated with these blade4%f, 30°, 45°
and 90°. The tool spins and feeds downward agdiesting, generating the desired seat profile. Tded rate is
reduced as the final depth approximates, and stbfi®e desired axial position. The tool spins twdhoee revolutions
to reduce roundness deviation of the valve seatrmgg to the initial position. The tool also laseamer at the tip to
make the finishing of the valve guide. The tooldigethis work is identical to that employed at @hveduction line of
the automotive industry.
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Figure 2. a) Tool holder; b) CBN blades; ¢) 34 ningr

2.1 Equipment and measuring instruments

The experimental tests were performed in a ROMINC vertical machining center with Siemens 810
numerical control, which has 10 kW maximum powed 40,000 rpm maximum speed. For the measuremeaotaie,
axial force and acceleration (vibration) some instents were mounted on the machining center asrsirotwig. 3 and
Fig. 4 shows the accelerometer location.

(1) Discovery 760 vertical machining center (6))NUIES 2692 conditioning amplifier

(2) ring and guide holder device (7) multi-chanctedrge amplifier (Kistlét, type 5019B)
(3) three-component dynamometer (Kistlelype 9265B)  (8) multi-channel charge amplifieigtier®, type 5070A)
(4) distributing box, output BNC (Kist/&r type 5407A) (9) /O connector blocks (NI, type 8/2110)

(5) B&K 4501A accelerometer (10) PC with LabVIEVEInd PCI-6035E acquisition board

Figure 3 — Equipment and measuring instruments imstt tests

(b)

Figure 4 — Detail of the ring and guide holder dev@issembled over the dynamometer (a); Acceleroeeition (b).
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2.2. Sintered steel rings

The valve seats are made from high hardness sihgteel rings manufactured with powder metallufgyiowing
the automotive industry standards. Its main charestics are presented in Table 1. Figure 5 shawritig before and
after the boring operation, with the desired peofithe ring and the guide are cooled with liquiglagien and a special
machine assembles them by interference in the be#ue engine, using liquid nitrogen to cool thetpaThe boring
operation is made horizontally in another machine.

Table 1. Main characteristics of the sintered stegls (Fiat, 2005).

Chemical composition [%]

. Volumetric mass Hardness
C Co Mo Ni Mn S Othersg Fe [Kg /m3] [HE]
min. 0.8 9 2 1 0.3 0.2 370
- - - - - - < 1.5 | remnant > 7400 -
max. 1.3 11 3 2 0.7 0.6 410
85 2.
x ( i
| et =1
734 g
A
a)
b)

Figure 5. a) Ring dimensions; b) the final probfehe valve seat

2.3. Ring and guide holder device

Because of the limited number of available engieads for the experimental tests, a special devas make to
hold the ring and the guide in the correct placbddored with the tool showed in Fig. (2). Fig8rehows the device,
which has a collet that holds the rings with higllial forces, like they are subjected when asseaininléhe engine
head. A torquemeter applies a 75 N.m torque irctlet nut, in order to assure the same constridto all rings.

Figure 6. Ring and guide holding device
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3. THE EFFECT OF THE CBN BLADES GEOMETRY IN THE BOR ING OPERATION

The new CBN blades have sharp chamfered edgesdcaltchamfer”, with null R1, as can be seen in.Fi(r).
High vibration levels were usually observed whemgsiew blades. The combination of the positionlesngl5°, 30°,
45° and 90°) of the blades and their axial positiotihhe tool holder determinates the final profifethe valve seat. The
radial force is inversely proportional to the pmgitangle. It is clear that the 90° blade doesgeoterate radial force.
The 15° blade generates the largest radial fordeésathe first to cut, followed by the 30° and #%des. The resultant
radial force of a new set of CBN blades combinethwthe limited stiffness of the arbor of the maehiool can
generate radial and axial vibrations, harming thalfsurface of the valve seat, as can be seengin8fb). Besides,
accelerates the wear of the cutting edge, whichocake, like is shown in Fig. 8(c) and 8(d).

Figure 8. a) Normal aspect of the valve seat; lgdEDf vibration; c) Broken 15° CBN blade; d) Bevk45° CBN blade

The machining tests of the admission valve seais/stl that there is an ideal geometry to the honintde CBN
blade cutting edge in order to reduce the amplitofdebrations during the boring operation. Duriagnachining test
with only one 15° worn blade, small vibration ardies were observed and the machined surface hatirsonghness.
The repetitions with other cutting conditions shdwiee same result. This fact called the authortentibn which
decided to investigate the geometry of the wornldldeasurements made with the help of a specibstope with
image analyzer software showed that the T-chamé&sr nounded and the R1 curvature radius (Figurevas)about 30
to 60 um. In order to investigate the effect of thending of the T-chamfer cutting edge on the afilon levels, several
tests were performed. The curvature radius of tehdmfer cutting edges were selected 0, 30, 60280dum. The
cutting conditions were: feed rate 0.04 and 0.10'twwth, cutting speed 80 m/min, and cutting fluidhw8 % soluble
oil. The tool rotates three revolutions after festaps, before returning to the initial position.egb tests were repeated
three times and the RMS values of cutting foraasjue and vibration level were averaged. Tablecgqmts the results.

Table 2. Tests results

Test | T-chamfer | feed rate Fx Fy F, Torque | Accel. | Roundness
R1[um] | [mm/tooth]| [N] [N] [N] IN.m] /] | dev. um]
1 0 0.04 516 49+ 1362 2.706 4312 36!
2 0 0.10 66 72° | 188% | 3.7° | 42 3515
3 30 0.04 100° | 118% | 135% | 3.0%° | 19.7%° 27°
4 30 0.10 90%° 124° | 200° | 4.7°° | 13.0Y 26"
° 60 0.04 82 119% | 2281 | 3.7%° | 4.7°° 6.7
6 60 0.10 95 137° 276° | 4.7 | 872 5. 7206
’ 200 0.04 75 100% | 240 | 4.3°° 41 50
8 200 0.10 1485 | 18 | 38FR2 | 7.39¢ 23 23
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The tests showed that the cutting forces grow leiter T-chamfer curvature radius, as expectedrmagreement
with the work of other authors, like Karpat and O@907) and Machadet al. (2009). The cutting forces of blades
with 200 pm T-chamfer curvature radius increased®to 151 % and the torque increased 59 % to 97THis T-
chamfer curvature radius is like that of a compyeteorn tool, which causes geometrical errors ia thachined part
Worn tools reduce the accuracy of the machinedsgartl also increase the cutting forces, as obsénvé research
works of Zhouet al. (2003), Qian e Hossan (2007), Kountaryal. (2009), and others. It was observed that therautti
forces in the directions X and Y presented distRMS values, probably caused by small errors incthrecentricity
between the tool and ring and the radial runouhathine tool arbor.

The most remarkable result is for tHR t8st, with feed rate 0.04 mm/tooth and T-chamtevature radius 6Qm.
Comparing with test 1, the averaged RMS of the lacaton reduced from 43 to 4.7 ménd the roundness deviation
cut down from 36 to 6.um. This is a clear indication that the T-chamferstmiiave rounded cutting edges and the

optimal value is around 60m. Figure 9 shows the cutting forces and torquetHersets of blades without curvature
radius in the T-chamfer and with 30, 60 and 200R(curvature radius.
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Figure 9. Averaged RMS of cutting forces with vdrie-chamfer curvature radius (R1): a) Fx; b) FyFz)
d) torque Mz

Figure 10 show the averaged RMS of acceleratioramddness deviation for varied T-chamfer curvatadius. It
was observed a reduction in the values with theement of theT-chamfer curvature radius (R1). Probably, the
reduction is due to the greater value of the awiale F, which press the tool against the ring, elimindkesbacklash
in the arbor bearings, making them tighter. Theatgnereduction of the averaged RMS of acceleradioth roundness
deviation with the increment of feed rate occunéith 200 um T-chamfer curvature radius. The firstsweduced from
41 to 24 m/5and the latter was reduced from 50 to 22 um. Ei§gc) shows that this is the case where the foiieé
is greater. The machining with new blades showegtgvariation of the measured values, as indichyetthe standard
deviation in Fig. 10. The best result is for thepyd@ T-chamfer curvature radius.

Figure 11 shows a comparison of the acceleratiofingluthe boring operation when using varied T-cheamf
curvature radius. The cutting parameters are:rgutpeed 80 m/min, feed rate 0.10 mm/tooth anéhgutiuid with 8%
of soluble oil. The vibration was excessive whemg<sCBN blades with 0 and 3@m T-chamfer curvature radius,
resulting in poor valve seat surfaces, as can ée iseFigs. 11(a) and 11(b). The 15° blade isitis¢tb cut the sintered
steel ring. The sudden increase in the vibratioplénde at 2.5 s is due to the beginning of thdiegtof the 30° blade,
followed by the 45° blade. Figure 11(c) shows that vibration magnitude is very small when using 60 um T-
chamfer curvature radius, showing that this is Img#ne optimal value.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

=2}
o
(=)}
o

y=10217x'- 60.817x + 91917

h
(=]
L
th
(=]
1

E K =0997 E y=82222x" - 55167x + 08,944x - 16,667
2 40 = 40 R'=1
g 40 #hn 0 um % +hn0pm
=
g ®hn 30 2
B 30 i ol £ 20 - ® Im 30 pm
é 4 hn 60 pm 2 4 hn 60 pun
é o # hn 200 jun Eﬂ 20 # I 200 pm
[ -
# £
£ 10 4 Ly
3 . . 0 T T T !
0 30 G0 200 H 20 ko 00
a} honed [nm] b) honed [um]

Figure 10. Acceleration RMS and averaged rounddegstion with varied T-chamfer curvature radiuardeters:
cutting speed = 80 m/min, feed rate = 0.10 mm/tooth
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Figure 11. Acceleration RMS with CBN blades witdried T-chamfer curvature radius: a) O pm; b) 3Q g)n®0 pum;
d) 200 pm. Parameters: cutting speed = 80 m/méd fate = 0.10 mm/tooth

Figure 12 makes a comparison of the cutting foreils varied T-chamfer curvature radius. The paramset
were: cutting speed 80 m/min, feed rate 0.10 mrtiitemd 8 % concentration of soluble oil in the iogitfluid. The
highest amplitude of the cutting forces was obsgmwéh the set of blades with 200 um T-chamfer atuve radius.
Nevertheless, when using the blades with 60 pmarrader curvature radius, it was observed a smalluanof high
frequency variations in the signal, as can be se€ig. 12(c), resulting in the best surface of théve seat.
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Figure 12. Cutting forces and torque during thargpoperation with sets of CBN blades with variedhiamfer
curvature radius (R1): a) 0 um; b) 30 um; c) 60 @200 um. Parameters: cutting speed = 80 m/ragd f
rate = 0.10 mm/tooth

4. Conclusion

The boring of the automotive valve seats is a didioperation, because the machined material & Hzere are
four CBN blades where each one generates diffesatial, axial and tangential forces in differenstants of time,
during the four seconds of operation. So, ther lisck of equilibrium between the forces and thiera considerable
resultant force, which spins at the angular vejoot the machine tool arbor. This resultant for@ameracts the
bearings of the machine arbor, whose stiffnesdniitdd. The result is vibration, which can causeaageptable
roundness deviations and surface roughness.

The investigation started from the study of theyrmaterial and the conclusion is that its chemamahposition,
hardness and porosity agreed with the automotigeipations and the material had a reasonable malbtity. It was
observed that acceleration magnitude above 26 calsses visible marks, harming the surface of tieevseats. The
second step of the research was the search fad@hbcutting parameters, which bring a stable suall magnitude of
vibration, good surface quality and long blade. lifée results were unsatisfactory and the conatugias that these
parameters do not exist. Then, the attention wesciid to the blade geometry. The standards ofatliemotive
industry specify a CBN blade with only a chamfethat cutting edge, called T-chamfer. The experiadaests showed
that there is a great difference on the averagkdasaf acceleration, cutting forces and rounddess$ation when there
is a curvature radius at the edges of the T-chaofféhe CBN blades. The conclusion is that in ordegenerate the
desired profile of the valve seat with small vibwat magnitude, minimum roundness deviations anddgaarface
finish, it is necessary that the T-chamfer edge® leacurvature radius about pth.

The next steps of this work are the search footitenal cutting parameters with the gt rounded T-chamfer and
the tests of tool life and surface quality at theduction line of the automotive engine.
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