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Abstract. Grinding is the one of the last steps in machinprgcess where better dimensional and geometrical
tolerances can be achieve, maintaining up supeilfiguality. ABNT 4340 hardened steel is largehaitomotive and
aeronautical industries. This work aimed the untmrding of the influence in superficial roughnessused by
different kind of lubrication, interrupted cuttingeometry and cutting depth in ABNT 4340 hardeneg! stiat
grinding. Taguchi’'s design of experiments methodised to set the combinations of lubrication kimderrupted
cutting geometry and cutting depth, evaluating superficial roughness parameters Ra and Rt in fjénhding
experimentation. After testing the combinations #mdw the Taguchi's results analyses, the paranseigbrication
type, interrupted cutting and cutting depth hasstibw significant influence in the Ra an Rt sup&fficoughness
values. This means that conventional type for MimmmQuantity Lubrication (MQL) substitution is pddsi without
any kind of lost of superficial quality. This algmoplies in reducing the environmental and finanaialsts of flat
grinding machining process.
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1. INTRODUCTION (TIMES NEW ROMAN, BOLD, SIZE 10)

Grinding is a precision process, one of the laspstin machining processes, where better dimerisimé
geometrical tolerances can be achieved, maintaimphnguperficial quality. In this process the chipnfiations occurs
through the action of abrasive grits bonded bynrésa wheel.

A largely used steel in industries, such as autaleoberonautical and machine and equipment, IABET 4340
hardened steel. This steel is usually employedirircairal pieces, in drive shaft manufacturing tiren uses when good
resistance and tenacity combinations are needezbrding to Alves et al. (2012) these propertiesadotined through
hardening and tempering but also a dimensional gdname made in the pieces. After the hardeningtangbering
grinding processes is required for eliminationsliofiensional distortions and to provide satisfacwugface finish.

The most common measures that could be used féacsuroughness are, R, and R. R, roughness is the Sl
parameter to measure the maximum surface roughineisgy the difference between peak high and valkpth within
the sample length. Roughness is the arithmetic average of all prajildinates from a mean line within a sampling
length after filtering out form deviations., Roughness is another parameter for surface rowsghng the arithmetic
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average of maximum peak-to-valley readings ovee fidjacent individual samplings lengths (MARINES@Ual.
(2006)).

Little information is found about interrupted catiin grinding machining. Kurt and Kékli (2012) estigated the
wheel and cutting parameters influence on shapar énrgrinding with interrupted cutting. Accordirthe authors,
grinding is a high-energy rate metal cutting predeswhich serious concavities are formed due ¢orttal deformation.
This shape error may cause equipment fail wheringe& required, such as in valves. The authorsl Gseguchi’'s
design of experiments method to select optimum ge®aonditions in interrupted cutting grinding. dicalyze the
interrupted cutting affects in shape error thenmadgd samples with machining circular pockets. Tbinmum process
conditions founded were 80 mesh (wheel grain sit@pym (grinding depth), 22 m/min (table speed) and 1 foross
feed).

According Silva et al. (2007), high disposal cadtemulsion-based cooling fluids, utilized in contienal cooling
system, and the growing need to develop environafigntorrect production techniques justified thearsé for
alternatives to the grinding process with fluid.eQof the alternatives shown by the authors is teéhod of minimum
guantity lubrication (MQL), where small amounts labricant are sprayed in a compressed air flow.harg like
Tawakoli et al. (2010), Barczak et al. (2010), &xidh et al. (2011), Euzébio (2012), Hadad et a01@), Hadad and
Sadeghi (2012), Silva et al. (2013), Razuk (201 Batako and Tsiakoumis (2014) also studied thd_.M®replace
the conventional lubrication system in grinding gesses.

Tawakoli et al. (2009) evaluated the minimum qugritibrication technique (MQL) in plunge surfacengiing of
hardened steel 100Cr6, comparing the performanteeba two another types of lubrication, dry grirgliand
conventional. They analyze the variables grindiomgés and surface roughness. The 100Cr6 steehbduktter surface
finish in MQL system explained by more effectivéiication and cooling of the abrasive grains inwuwrkpiece-tool
interface, which facilitates the slipping of chips the tool surface. The tangential grinding forfeshd were lower in
MQL than other lubrication systems, while normatcs showed no change. The authors conclude tbaML
system is able to penetrate more effectively th@reof contact between the grinding wheel andwhekpiece.

This study aims to analyze the influence of lubiaratype, the interrupted cutting and grinding wheutting depth
on the flat grinding of hardened steel ABNT 4340nbgasuring the roughnesg &hd R

2. EXPERIMENTAL DESCRIPTION

The conditions used for grinding experiments of ABM340 quenched and tempered steel, 60 HC hardaess,
showed in Table 1. Taguchi’s method was used ttyamahe influence of the input parameters A —ikcdttion type, B
- interrupted geometry and C - cutting depth, eatsd in 4 levels. The design of the experimentlid & (4*3) Taguchi
Orthogonal Array Design where the combination ofapaeters are independent each other. The valuefheof
parameters in each level are shown in Table 2 lemddmbinations tested can be seen in Table 3.

Table 1. Grinding conditions.

Grinding mode Flat Grinding Cutting depth 5, 10, 15 and 20m
. Norton  38A220-KVS| Grinding Fluid| QUIMATIC ME-1

Grinding Wheel Al,O3 (conventional) soluble oil (1:39)
SULAMERICA 1055E

Grinding Machine Conventional Flat Grinding Fluid (MQL) ACCU-LUBE Lb-1100

e . lot 314/12

Grinding Machine

Wheel Speed 30 m/s Dressing tool (I;/Iultlg_rlt diamond

ressing tool
Work Speed 0.021 m/s Dressing Speed 30 m/s

Table 2. Input values for experimental procedure

Parameters Levels
1 2 3 4
Lubrification type conventional MQL (low) MQL (meatin) MQL (high)
Interrupted cutting 0 1 2 3
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Cutting depth 10 um 15um 20pm S5um

The fluid flow in conventional lubricating was 49nhin. Three flow rates, low, medium and high wesstéd in
MQL. For MQL (low) the flow varied between 32 and &l/h, for MQL (medium) of 96-156 ml/h and for MQhigh)
291-345 mil/h. The reason of the variation presemetie flows is explained by the difficulty of aditing a constant
flow in the MQL equipment.

Aiming to create discontinuities in the surfaced#ogrinded, the samples were prepared with groaveating the
interrupted cutting condition. For level 1 of thendition B (interrupted cutting), the piece havee ocutting
interruption, for level 2 the samples had two digauuities, for level 3 three discontinuities amad Fevel 4 the samples
had three grooves that caused four interruptiamfigure 1 can be seen the dimensions of the smewmsed and in
figure 2 are the samples used in the tests.

Table 3. Input combination for experimental proged{T aguchi Method)

Parameter
A (Lubrication type) B (Interrupted cut) C ( Perstion depth)
Test (A_B_C)

(um)
111 Conventional 0 10
122 Conventional 1 15
133 Conventional 2 20
144 Conventional 3 5
212 MQL (low) 0 15
221 MQL (low) 1 10
234 MQL (low) 2 5
2 43 MQL (low) 3 20
313 MQL (medium) 0 20
324 MQL (medium) 1 5
331 MQL (medium) 2 10
342 MQL (medium) 3 15
41 4 MQL (high) 0 5
423 MQL (high) 1 20
4 32 MQL (high) 2 15
4 41 MQL (high) 3 10
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Figure 1. Sample dimensions
The grinding cutting direction is perpendiculartbh@ grooves present in the specimen, thus forcmimeerrupted

cutting condition as shown in Figure 3.
Using the Taguchi’'s design of experiments methddl,different test configurations were proved, eadthwhree

repetitions. The dressing of the grinding wheel waformed before each procedure by withdrawingudOeach pace

until all grinding wheel surface was free from tesis from the previous operation. The combinatieeise set as a L16
(4*3) experiment where 4 is the number of leveld arthe number of factors.

a) b)

Figure 2. Specimens used and number of cuttingrugions - a) Zero interruption; b) One interrgpti c) Two
interruption; d) Three interruption.
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The surface quality was verified by obtaining tbaghness Rand R roughness through the MarSurf M 300 + RD
18 Mahr. The measurement was performed in the pdipalar direction to the cutting direction, withrée replicates
for each test performed.

The influence of these parameters was performedguttie Taguchi method and processed in the comaterci
statistic software Minitab 17.0. The chosen optifmscalculation of the signal to noise ratio wasadler is better.

Figure 3. Flat grinding test of ABNT 4340 quenclaed tempered steel.

3. RESULTS AND DISCUSSION

The Figure 4 presents the results found fgiv&ues in the experiments, while in Figure 5 avenfl the means
values for Rroughness.

Roughness R,
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Figure 4. Mean Rroughness values.
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Figure 5. Mean Roughness values.

Figure 6 is showing the main effects for means math effects for signal to noise (SN) ratios founydTaguchi’s
Method.

The analysis of the means could leads to a comgiubiat the change of levels of a factor could haftaence in R
results. This conclusion needs to be confirmedrahees of the variance found in Table 4 and T&blehe following
tables, Table 4 and Table 5, present the analybemrance for the mean of ,Rand for SN ratios for the same
superficial roughness, respectively.

For a 3 degree of freedom (DF) of source and the @ residual error the F — value, with 5% of #igance, is
F=4,757. All the F —values of Tables 4 and 5 awmelothan the critical tabulated value F = 4,757tHese conditions
the following conclusion could be made. The chasigeources levels hasn't significant influencehia tesults of R

In Table 6 and Table 7 is found the results of gsialof variance for the mean of &d SN ratio for the Ralues.
The same conclusions taken fordriperficial roughness are valid for thesRperficial roughness.

Main Effects Plot for Means Main Effects Plot for SN ratios
Data Means Data Means
Lubrication Type Interrupted Cutting Cutting Depth Lubrication Type Interrupted Cutting Cutting Depth

Mean of SN ratios

Mean of Means
=

125

120

1 2 3 4 1 2 3 4 1 2 3 4

Signal-to-noise: Smalier s better
Figure 6. Main Effects for a) Means and b) SN atio

Table 4. Analysis of variance for,Rieans.

Source DF F - value p - value
Lubrication type 3 0.42 0.745
Interrupted cutting 3 0.07 0.972
Cutting depth 3 0.34 0.801
Residual error 6 - -
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Table 5. Analysis of variance for SN ratio fof Rlues.

Source DF F - value p - value
Lubrication type 3 0.34 0.799
Interrupted cutting 3 0.04 0.988
Cutting depth 3 0.37 0.775
Residual error 6 - -
Table 6. Analysis of variance for, Rieans.
Source DF F - value p - value
Lubrication type 3 0.65 0.610
Interrupted cutting 3 0.05 0.983
Cutting depth 3 0.31 0.821
Residual error 6 - -
Table 7. Analysis of variance for SN ratio forRlues.
Source DF F - value p - value
Lubrication type 3 0.47 0.715
Interrupted cutting 3 3.04 0.115
Cutting depth 3 1.22 0.380
Residual error 6 - -

The change of lubrication type, interrupted cuttiagd the cutting depth hasn't significant influenice the
superficial quality of the grinded pieces. An imfamt conclusion is that the values fordhd R are the same for both
lubrication type, conventional and MQL. In otherrd® the conventional lubrication for MQL substitutiis possible
analyzing only the superficial quality parameters.

4. CONCLUSION

This paper aimed the study of superficial qualitygrinding machining with different lubrication tgpinterrupted
geometry and different cutting depth.

After all experiments the conclusion is, by thelgsas of R and R, the parameters hasn’'t shown influence in the
values of superficial roughness. With this resladiking just the superficial roughness, conventidobrication for
MQL substitution can be made in grinding machinitigs a great result because the fluid used in eational
lubrication has high financial and environmentadtsaand the substitution for MQL could bring a r&thn in grinding
costs.
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