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Abstract. In this study, the drilling parameters will be evaluated to obtain optimal parameters
in minimizing the impact of drilling damage on composite materials reinforced by ramie
woven. The impact of damage observed in the study is delamination that occurs in the drill
hole, where the smaller value is desired. The drilling parameters are optimized using the
Taguchi method with two control factors, namely the feed rate and spindle speed, each
parameter is designed in three levels. This experiment then carried out on four different
diameter drill bits, i.e., 4, 6, 8 and 10 mm. While experimental planning uses Lo orthogonal
arrays and the "smaller is better” approach is given as a standard analysis. By performing an
analysis of variance (ANOVA) statistics can be determined for the significance of each drilling
parameter. A series of experiments were carried out to get the appropriate optimization. It was
found that the critical factor causing delamination in drilling is the feed rate followed by
spindle speed, where this phenomenon occurs in each diameter of the drill bit.

Keywords: delamination, ramie woven, Taguchi method and ANOVA.

1. Introduction 15

The growing demand for composite materials and in 2017 15 expected to reach $ 29.9B E‘l a 1%
annual growth projection [1]. The primary industries of composite users are in the fields of aerospace,
construction, transportation, and wind energy. To obtain the final geometry of a composite product,
manufacturing and machining processes will be needed, such as edge cutting machines and drill
machines. However, it is challenging to obtained maximize finishing compared to the machining
process ielals‘ The leading cause is the homogeneity of the material, anisotropic properties and
complex damage phenomena that occur during the cutting process. This results in a poor surface
finish, dimensional inaccuracy, and component rejection, [2].

According to Bosco et al. [3], during the machining process of the composite, various problems
will arise, such @ damage to reinforcing fibers, cracks in the matrix, detachment of bonds between
fibers/matrices, fiber pull-out, fuzzing, thermal degradation, spalling and delamination. Delamination
that app@®s on the entry and exit side of the composite is significant and must reduce bcuac it can
degrade bearing strength and material stability. Damage and delamination due to processing processes
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1
generally occur Elc to the thrust force of the cutting tool against the composite material. Delamination
on the drilling process can be analyzed by looking directly at the delamination factor or by searching
for thrust force or torque in drilling composite materials. Delamination is an occurrence of damage,
which comes up because of the anisotropy and the brittleness of composite materials. In practice, it is
needed to determine optimal machining parameters to reduce defects in the machining process to
produce high-quality products.

Several approaches have been made before to get the machining process parameters to optimize
production results, including using the Taguchi and ANOVA method applications. With this approach,
researchers have been ato maximize the parameters used in machining on composite materials.
Pang et al. [4], reported that the application of the Taguchi method imbrid composites with epoxy
matrix reinforced by halloysite nanotubes and aluminum was able to determine the best combination
of machining parameters that provided an optimal response with lower surface roughness and cutting
forces. Mohan et al. [5] used the Taguchi method to analyze delamination damage and use multiple
factors in the process of GFRP composite material and suggested optimization of machining
parameters. With the same method Sunny et al. [6], concluded that using ANOVA was able to reveal
that the feed rate as the primary parameter in machining had@#ch influence on the high delamination
factor. Likewise in a study conducted by Tsao [7] using the Response Surface Methodology based on
Taguchi method in evaluating the effect of drilling parameters on delamination dalmc found that
there are several factors that are crucial factors in influencing @agc factors, i.e.; cutting velocity
ratio, feed rate, inner drill type aff@inner drill diameter. Balaji et al. [8], have applied Taguchi and
ANOVA methods to observe thcgfect of machining parameters on drill bit vibrations and surface
roughness. Delamination factors on the entry and exit side of the drilling process have also been
analyzed using ANOVA by comparing between ex@ffimental results and ANFIS predictions, and it
was found that on average the delamination damage at the entry side was smaller than on the exit side,
[9]. With the same method Gashemi et al. [10], show that delamination factors increase from low and
high parameter values in the experimental range of predetermined settings. Ultimately, delamination
ors can be minimized by optimizing machining parameters. Hamdan et al. [11] claim that the
Taguchi optimization method is the most effective method for optimizing machining parameters,
where resfilse variables can be identified. The optimal combination of drilling parameters is obtained
using the signal-to-noise ratio (S/N) analysis, concluded that the feed rate and cutting S]:m are the
most influential factors on delamination. Meanwhile, the best delamination results are obtained at
lower cutting speeds and feed rates, [12]. q

The primary goal of this paper is to optimization and analyze the effect of machining parameters,
such as feed rate, spindle speed by different diameter drill bit on delamination damage produced by
drilling polymer composites reinforced by ramie's woven (NFRP) using the Taguchi and ANOVA
method designs.

2. Material and Experimental Set-up

2.1 %rkpiere Material
The workpiece used in the experiment was made using the hand lay-up technique. Ramie's woven
from ramie yarn type S12/3 (Fig. 1) is used as a polyesters YUKALAC @ 157 BQTN-EX
reinforcement. The workpiece material is made in the form of plat measuring 200 x 200 x 5 + (.2 mm.
The drilling process uses a Pillar drill type TCA-35 ERLO (Fig.2.a). The drill bits used are type
brad & drill bits spurs with diameters of 4, 6, 8 and 10 mm respectively (Fig.2.b). Tm]ri].ling process
1s carried out without using coolant. The machining parameters used are feed rates 0.1, 0.18 and 0.24
mm/rev, while the spindle speed is 93, 443 and 1420 rpm. Delamination damage around the drill hole
was taken by EPSON L220 scanner with 2400 DPI resolution, and delamination was measured using
the image-pro plus 4.5 software application.
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Fig. 2. a) Pillar drill TCA-35 ERLO: b) “Brad & spur” drill’s bit

2.2. Delamination Factor (F,)

Most studies on the damage caused by @ffling on composite materials say that the most common
cause is delamination 8erved appearing on the entry and exit side of the hole. Delamination factor is
using to illustrate the 1 of delamination damage. The delamination factor can be solved using the
following equation:

F; =—12% (N

%ene, Doy 18 the maximum diameter created due to delamination around the hole and D is the
hole or drill diameter.

Damage area /

Fig.3. Nlustrating the definition of delamination size
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2.3. Taguchi method, analysis of variance (ANOVA) and experimental set-up 22
The Taguchi method was first coined by Dr. Genichi Taguchi in ]‘Jahis method was developed to
improve the quality of products a rocesses and to be able to reduce costs and resources to a
minimum. The Taguchi method is off-line quality control which means preventive quality control.
Off-line quality control is carried out at the beginning of the life cycle product, namely repairs at the
beginning to produce the product (to get right first time). Taguchi's contribution to quality is loss
function, orthogonal array, and robustness. In the Taguchi method, there are three stages to optimize
produl design or production processes, namely system design, parameter design, and tolerance design
[13]. Orthogonal arrays are used to determine the number of minimal experiments that can provide as
much information as possible of all the factors that affect the parameters. The most critical part of
orthogonal arrayffies in selecting the combination of levels from the input variables for each
experiment. The experimental results are then converted into a signal-to-noise (S/N) ratio to measure
quality characteristics t?cviate from the desired value [5]. Furthermore, Mohan et al. [5] stated that
in practice, there were three categories of quality characteristics in the S/N ratio analysis. The three
catfories and equations are as follows:
ominal is the best characteristic:

—n

S 10 log2. 5
N = "OQ S}:- (-)
Smaller the better characteristic:

‘i,: -1v icgﬁ(z }-':) 3

And larger the better characteristic:

e ert(5)

Where, 7 is the average of observed data, s* the variation of y, n the number of observations, and y
1s the observed

In this study, the feed rate and spindle speed are two machining parameters that are used as control
factors and each parameter is designed in three levels. This analysis is done at four different tool
diameters and does not compare each other. Drilling parameters and levels used in this experiment are
as shown in table 1. For the delamination factor, S/N ratio was calculated using smaller is the best

characteristic.
Table 1. Parameters and lcvemxrimcm set-up
Drilling parameter Level 1 Level 2 Level 3
5 P8 (Low) (Medium) (High)
Feed rate, f(mm/rev) 0.1 0.18 0.24
Spindle speed, N (rpm) 93 443 1420

Three control factors were accommodated into experimental studies using orthogonal arrays based
on the Taguchi method Lo as shown in Table 2. Taguchi method analysis in this study was done using
Minitab v.17 software. Contributions of factors, interactions the effect of each process on
observed values were investigated using analysis of variance (ANOVA). ANOVA is a statistical
technique to determine the degree of difference or similarity between two or more groups of data [14].
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The desired level of significance in this analysis 1s a = 0.05, to identify drilling parameters that affect
delamination damage.
Table 2. Drlhog{nﬁrray based on Taguchi method Ly

Experiments Feed rate Spindle speed

== = T R I
el b b B = = =
L b o= D B = L B =

3. Result and Discussion

X0 Diameter 10 mm
Table 3. S/N response table for delamination factor on diameter drill bits 10 mm.

Design of Experiment Delamination Factor S/N ratio
Exp. No. Feed rate Spindle nlr}-r side Exit side Entry side Exit side
speed
1 0.10 93 1.085 L.119 -0.712 -0.976
2 0.10 443 1121 1172 -0.990 -1.379
3 0.10 1420 1.107 1.144 -0.884 -1.169
4 0.18 93 1111 1.172 -0.918 -1.380
Y, 0.18 443 1.124 1.197 -1.014 -1.562
6 0.18 1420 1118 1.158 -0.970 -1.277
7 0.24 93 1.128 1.234 -1.042 -1.823
8 0.24 443 1.143 L.185 -1.158 -1.476
9 0.24 1420 1.133 1.173 -1.084 -1.384

Tables 3, 5, 7 and 9 m‘c%erimcmal results which are transformed infg the signal to noise (S/N)
ratio, each table is m{@Jin different diameters of drill bits. Fig.4 shows the effect of parameters on
delamination damage on the e@ side and exit side of the borehole. On the input side the optimal
parameters are obtained at the feed rate of Offfam/rev and the spindle speed of 93 rpm, likewise on
the output side of the oplilq:n occurs at the feed rate 0.1 mm/rev but differs from the spindle md,
the optimal parameters are obtained at the spindle speed of 1420 rpm. From the two parameters, 1t can
a seen that the addition of the feed rate significantly causes the increase in delamination damage,
where: e increase in the spindle speed does not affect to the delamination damage substantially.
These results are in line with several previous studies e.g., Gashemi et al. [10], Sunny et al. [6] and
Kilickap [12]. This phenomenon occurs because according to Gashemi, the im:asc in delamination
due to the rise in the feed rate 1s caused by heat generation that occurs when the contactfiffiween the
drill tool and the workpiece. Fig.5 is a 3D surface plot that shows the interaction bclwc& feed rate
and spindle speed to the dclaminatioctor on the entry side and exit side. The graph shows that the
minimum delamination factor occurs at a feed rate of 0.1 mm/rev and a spindle speed of 93 rpm.
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Fig. 4 Main effect plot for S/N ratio on delamination damage in diameter drill bits 10 mm
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Fig.5 3D interaction (f x N) plot on the diameter drill bit 10 mm

The results of the analysis of variance (ANOVA) in delamination damage due to drilling on the 10
mm bit are shown in table 4. From both sides of the dnll hole, only the factor on the entry side
has a P-value <0.05, which means that the data is significant. Whereas in other factors the P-value
>0.05 shows that statistically, the information is not substantial to the growth of delamination damage.
When viewed from a percentage of contribution both factors have a statistical nd physically
significant contribution to delamination damage both in the entry side and exit slﬁan be seen that
the participation of the feed rate factor is higher than the spindle speed of 61.4% @&Sthe entry side and
50.0% on the exit side. But if we review the percentage of errors on the exit side by 37.5% higher than
the acceptable level (15%). According to Kahwash et al. [2], this occurs because the emergence of
interactions 1s unconsidered among several control factors.

Table 4. Analysis of variance for means on diameter drill bits 10 mm

Source of Variation 58 df MS E P-value conu‘?ltulion
Entry side

Feed rate 0.08121 2 0.040603 14.94136 0.01394 61.4%
Spindle speed 0.04012 2 0.020059 7.381850  0.045444 30.3%
Error 0.01087 4 0.002717 8.2%
Total 0.132195 8

Exit side

Feed rate 0.22706 2 0.11353 2.666301  0.183702 50.0%
Spindle speed 0.05789 2 0.02895 0.668985  0.561523 12.5%
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Error 0.17200 4 0.04300 37.5%
Total 0.45696 8

Fig.6 illustrates the
delamination factor on

48
clation between the control factor (feed rate and spindle speed) and the
¢ entry side and exit side in the form of a multiple linear regression graph.

The following equation obtains the chart:

Faentry = -0.9746 +0.1124 fo;0 +0.0075 fars - 0.1199: foos +0.0840- Noz - 0.0793-Nasz -
0.0047-N g2 (5)
R’ =0.9178

Faexit = -1.3807 +0.2061- fiso +0.256- fous -0.1805: foos -0.0126- Nes - 0.0913 -Nus

+0.1039 Ny

R?

=0.6236

(6)

Where F; is a delamination factor that occurs in the entry side or exit side.?is the feed rate in

mm/rev and N 1s the spindle speed in rpm.

Percent
Percent

oo
Residual

20 o 00

Residusl

(1] oz

a) entry side b) exit side
Fig.6 Normal probability plot (response is delamination factor)

3.2@5{”11(’1(’!‘ 8 mm

Table 5. S/N response table for delamination factor on diameter drill bits 8 mm

Design of Experiment Delamination Factor S/N ratio
Exp- No. Feed rate Sfl;::(lie niry side Exit side Entry side Exit side
1 0.10 93 1.108 1.112 -0.892 -0.920
2 0.10 443 1.127 1.157 -1.041 -1.267
3 0.10 1420 1.129 1.156 -1.054 -1.260
4 0.18 93 1.130 1.175 -1.064 -1.398
5 0.18 443 1.130 1.150 -1.059 -1.217
6 0.18 1420 1.137 1.180 -1.116 -1.437
7 0.24 93 1.141 1.210 -1.147 -1.653
8 0.24 443 1.165 1.191 -1.329 -1.522
9 0.24 1420 1.167 1.193 -1.344 -1.534

In Tables 5 and Fig.7 show the effect of the parameter proc@n delamination factors that have been
transformed in the S/N ratio. At the & mm drill bit diameter, it can be seen that the optimal parameters
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are obtained in eed rate and spindle speed which are smaller at 0.1 mm/rev and 93 rpm. The same
thing is earned both on the entry side arﬂexit side. In general, the influence of the feed rate on

mination factors looks very significant compared to the effect of spindle speed. Likewise, from the
interaction between the feed rate and spwe speed to the delamination factor, that to obtain smaller
(amination damage is collected on the feed rate parameter 0.1 mm/rev and the 93 1pm spindle speed
as shown in Fig. 8.

Main Effects Plot for SN ratios Main Effects Plot for SN ratios
Data Means Dt Mens
Feed rate Spindle speed Feod rate Sondie speed
13
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. IF]
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125 =
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a) entry side b) exit side
Fig. 7 Main effect plot for /N ratio on delamination damage in diameter drill bits 8 mm
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Fig.8 3D interaction (f x N) plot on the diameter drill bit 8§ mm.
45

Asg[ab]e 6. I}ﬁsu]ls of an analysis of variance (ANOVA) delamination factor on the 8 mm drill
diameter indicates that the feed rate has the most significant contribution as the cause of delamination
damage in the drill holes of 74.3% (entry side) and 69.5% (exit side). Conversely, the spindle speed
parameter does not show a signiﬁ contribution to drilling this diameter, 1.e., 19.1% (entry side)
and 3.4% (exit side). This result is in line with the results of previous researcher Tsao et al. [15] and
Palanikumar et al. [16], which revealed that the feed rate contributed significantly to delamination
compared to spindle speed.

Table 6. Analysis of variance for means on diameter drill bits § mm

Source of Variation 55 df M5 F P-value conlr?iulion
Entry side
Feed rate 0.121895 2 0.060947408  22.48598  0.006672 14.3%
Spindle speed 0.03134 2 0.015669894  5.781262  0.066063 19.1%
Error 0.010842 4 0.002710463 6.6%
Total 0.164076 8
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it side
Feed rate 0.265264 2, 0.1326321 5.132236 0.078634 69.5%
Spindle speed 0.013163 2 0.006581372 0.254668 0.786855 3.4%
Error 0.103372 4 0.025842945 27.1%
Total 0.381799 8

The correlation between control factors and delamination factors on both sides of the drill hole is
depicted in the multiple linear regression graph as in Fig. 9, with the regression equation as follows:

Feentry =-1.1161 +0.1207-f5 10 + 0.0366- fo;5 - 0.1573- fo24 + 0.0818-Ng; - 0.0268-Nyyz - 0.055-Nypp

. (7
R’ =0.9339
Faexit = -1.3564 +0.2073 fazo +0.0057 fors - 0.2131 fo2s +0.0327-Nos +0.0210-Naws -
0.0537-Nys20 (8)
R’ = 0.7293

Where F; is a delamination factor that occurs in the entry side or exit side, f 1s the feed rate in
mmy/rev and NV 1s the spindle speed in rpm.

o ™
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Fig.9 Normal probability plot (response is delamination factor).

3.3. Diameter 6 mm

The phenomenon that occurs in drilling results with 6 mm drill bilut:lc:l’ has the same inclination as
drilling 8 mm drill bit diameter. Optimal parameters are obtained at the feed rate of OF¥mm/rev and
the 93 rpm spindle speed. The effect of the significance of the machining settings on delamination is
due more to the feed rate than to the spindle speed, and this applies equally to the entry side and exit
side (see table 7 and Fig. 10).

Table 7. S/N response table for delamination factor on diameter tools 6 mm

Exp. Design of Experiment Delamination Factor S/N ratio
No. Feed rate Bnd niry side Exit side Entry side Exit side
speed
1 0.10 93 L113 1.150 -0.929 -1.214
2 0.10 443 L1117 1.247 -1.113 -L.617
3 0.10 1420 1.122 1.193 -1.001 -1.534
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4 0.18 93 1.121 1.236 -0.994 -1.840
5 0.18 443 1.137 1.205 -0.963 -1.920
6 0.18 1420 1.147 1.242 -1.194 -1.880
7 0.24 93 1.135 1.277 -1.103 -2.123
8 0.24 443 1.163 1.235 -1.309 -1.830
9 0.24 1420 1.173 1.235 -1.383 -1.830
- Faed rate Spindie spred “ Feed rate Sandie spead
g E
¥ %
& . @
5 s 5 .
130 : ) o
a) entry side b) exit side
Fig. 10 Main effect plot for S/N ratio on delamination damage in diameter drill bits 6 mm
Interaction een ?i:d rate and spindle speed on delamination factors as described W) Fig.11

shows that the smallest delamination factor is obtained from machining parameters, of each feed rate
0.1 mm/rev and spindle speed 93 rpm. both on the exit side and entry side.

125
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a) entry side b) exit side
Fig.11 3D interaction (f x N) plot on the diameter drill bit 6 mm.

From the results of the analysis of f¥kiance (ANOVA) on drilling drill diameter of 6 mm (table 8),

it is explained that the significance of the influence of drilling parameters (feed rate and spindle speed)

elamination damage is not visible on both sides of the borehole. This can be seen in the P-value

both the feed rate and the spindle speed above the significance level specified (P-value >0.05). In

contrast, when viewed from the contribution of drilling parameters to the delamination damage, the

feed rate has the highest participation of 54.8% followed by the spindle speed of 26.1%. On the exit

side, in terms of contribution to damage only the feed rate contributes to delamination which 1s 72.9%.

From the above results, it can be said tham is essential to use a minimum feed rate to reduce

delamination damage to drilling as mentioned by Gaitonde et al. [17], that a low feed rate will reduce

the scattering effect and produce less heat, which will reduce the defects that occur in the drilling
process.

1500

10
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Table 8. Analysis of variance for means on diameter 6 mm
Source of Variation 7] df MS F P-value conlri%bulion
side
ed rate 0.11020 2 0.0550976 5.7338 0.0669 54.8%
Spindle speed 0.05240 2 0.0262013 2.7266 0.1790 26.1%
Error 0.03844 4 0.0096093 19.1%
Total 0.20104 8
it side
ed rate 0.40671 2 0.203354 5.6242 0.0688 72.9%
Spindle speed 0.00620 2 0.003101 0.0858 0.9195 1.1%
Error 0.14463 4 0.036157 25.9%
Total 0.55754 8

The graph of the correlation between control factors and delamination factor (Fig. 12) is described
in the form of multiple linear regression, with the following equation:

Foentry =-1.1099 + 0.0957-fo 0 + 0.0594-f 15 - 0.1551-fo24 + 0.1013- No3 - 0.0186: Ny - 0.0828 N 20

(9
R’ =0.8088
Faexit =-1.7541+ 0.198-fo10 - 0.126-fo.15 - 0174 fo24 + 0.029-Nos - 0.035 Nasz + 0.006:Npszo  (10)
R’ =0.7406
i = ;
£.7 Fi h:;ual al nz a3 -n? -m Re:;“ ml nr ol
a) entry side b) exit side

Fig.12 Normal probability plot (response 1s delamination factor)

3.4. Diameter 4 mm

In drilling a drill diameter of 4 mm, the results are in contrast l‘e'illing on drill diameters 10, 8 and 6
mm. At this drill diameter, the optimal parameters occur at the feed rate 0.24 mm/rev and lhw pm
spindle speed for the entry side boreholes. While for optimal exit side parameters occur at the feed rate
0.18 mm/rev afifhe spindle speed of 1420 rpm (see table 9 and Fig. 13). Likewise, the interaction of
two variables (feed rate and spindle speed) on delamination induced by drilling described in response
surface plots (Fig. 14) does not show the significance of delamination damage changes due to
increased drilling parameters.

11
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Table 9. S/N response table for delamination factor on diameter tools 4 mm

Design of Experiment Delamination Factor S/N ratio
Exp. No. i
g Feed rate Sfl;::(lie ntry side Exit side Entry side Exit side
1 0.10 93 1.185 1.312 -1.471 -2.360
2 0.10 443 1.225 1.278 -1.760 -2.131
3 0.10 1420 1.230 1.353 -1.801 -2.624
4 0.18 93 1.176 1.152 -1.408 -1.230
5 0.18 443 1.214 1.292 -1.682 -2.223
6 0.18 1420 1.198 1.380 -1.572 -2.799
7 0.24 93 1.191 1.284 -1.519 -2.174
8 0.24 443 1.210 1.401 -1.658 =2.932
9 0.24 1420 1.175 1.331 -1.398 -2.486
Main Effects Plot for SN ratios Main Effects Plot for SM ratios
Deta Means DCata Means
Fasel raie Spinde peud Fosd rat S aposd
. ¢ .
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Sgrwite-noise Smier & bewer Sigaaltorroue imaller isbemer
P a) entry side b) exit side
1g. 13 Main effect plot for S/N ratio on delamination damage in diameter drill bits 4 mm
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Fig.14 3D interaction (f >m plot on the diameter drill bit 4 mm
From the observation of the results of the analysis of variance (ANOVA) the significance of
changes in setting parameters for delamination due to drilling as a controlling factor was not seen in
the 4 mm drill diameter (P-value> 0.05). However, these parameters have a high contribution to the
occurrence of delamination damage, this can be seen from the percentage of contributions from each
parameter exceeding 15%, namely at the entry side fi e of 22.3%, 46.7% spindle speed and on
the exit side the feed rate is 15.5% and spindle speed 41.0%.
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Table 10. Analysis of variance for means on diameter 4 mm

Source of Variation 58 df MS F P-value conlr?:ution
Entry side

Feed rate 0.039265 2 0.019632728 1.439209  0.338176 22.3%
Spindle speed 0.082168 2 0.041084139  3.011739  (0.159251 46.7%
Error 0.054565 4 0.013641334 31.0%
Total 0.175999 8

Exit side

Feed rate 0.307132 2 0.153566056  0.714155  (.542989 15.5%
Spindle speed 0.81225 2 0.40612477 1.888672  0.264519 41.0%
Error 0.860128 4 0.215031889 43.5%
Total 1.979509 8 1.979509207

In mathematical modeling, the output performance characteristics are illustrated by the control factor
correlation graph with delamination factor (Fig. 15), and are described in the regression equation as

follows:
Faentry = -1.5854 - 0.0919-fore + 0.0316-faus + 0.0604-fo24 + 0.1195-Noz - 0.1144-Nuss -
0.0050- N 420 (1D
R? =0.6900
Foexit = -2.329 - 0.043-fo50 + 0 .245-f5,5 - 0.202-f524 + 0.408-No;z - 0.100- Nz - 0.308-Nyo R2
(12)

R’ = 0.5655

2 ﬁ': 't-. -1 i: . :

5 s . ) .

£ # 3 ] n: i -

05 P L " > G E aw @ e e % o
a) entry side b) exit side

Fig.15 Normal probability plot (response 1s delamination factor)

Wond usions

18 paper presents an experimental study of optimizing machining parameters in composite drilling
reinforced by ramie woven. The significance of machining parameters was analyzed and identified
using the Taguchi and ANOVA methods. Experimental plannilscs Ly orthogonal arrays with a
"smaller 1s better" approach, where the process parameters (feed rate and spindle speed) as a
controlling fact rom the results of the analysis the conclusions are as follows:

¢ In general, the feed rate is the machining parameter which is the main factor causing delamination

damage to the drilling hole.
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24
e The significance of the feed rate for delamination damage is more influential than the spindle
speed parameter. Spindle speed even though it contributes sufficiently to delamination, but does
not have a substantial effect.
¢ Taguchi and ANOVA designs can suggest the best combination of machining parameters to obtain
drilling results with minimal delamination damage.
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