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Abstract

Squeeze casting was used to prepare aluminium alloy-6061/titanium diboride (TiB;) to create a
composite with varied TiB; quantities. The metallographic structure, tensile strength, and hardness
of the composite have been explored. The tensile strength and hardness of produced metal matrix
composites increased when a particle of TiB; was increased from 5 to 10 vol.%. This study uses
electrical discharge machining (EDM) to investigate the output response tool wear rate (TWR).
Variables in EDM operation were investigated, such as current, pulse on time, and voltage gap. The
experiments were designed using the Box—Behnken strategy. Statistical approaches were used to
analyse the experiments. At ideal settings for TiB, concentrations of 5 and 10 vol.%, TWR was 0.2146
and 0.1749 mm?® min and surface roughness was 2.47 and 3.03 um, respectively. TiB; is utilized in
automobile disc brakes, an industry where components slide against each other. The aluminium
alloy-6061/titanium diboride has many applications as biomaterial and good prospect.

Keywords
Box Behnken design; hardness; tensile strength; response surface methodology; desirability
analysis

Introduction

Metal matrix composites (MMCs) are increasingly used in structure, wear, thermal, transport,
and electrical applications. Composites have better strength-to-weight and strength-to-cost ratios
than similar monolithic conventional alloys [1]. Aluminium-based particulate matrix composite
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composites have been recognized as an important class of materials used in the aircraft, vehicle,
chemical, and automotive sectors due to their enhanced strength, high elastic modulus, and
continued increased abrasion resistance over traditional base alloys [2]. There are three production
procedures for aluminium MMCs liquid state, semisolid, and powder metallurgy [3]. First, the
ceramic particles are integrated into a molten metallic matrix in liquid state techniques, and the
MMC is cast. Stir Casting is a liquid state composite material fabrication process that involves
mechanically stirring a ceramic particle into a molten matrix metal. The liquid composite material is
subsequently cast using typical casting processes [4]. Aluminium 6061 is a low-density, more
significant, and wear-resistant metal alloy. To counteract this fault, TiB, additives are formed to the
alloy, enhancing its hardness, young's modulus, and abrasive wear resistance [5].

Aluminium alloys are reinforced with ceramic materials such as SiC, TiC, TiB, ZrB,, AIN, Si3Ng,
Al,03, and SiO;. TiB,, a reinforcing ceramic particle with a high Young's modulus, low density, and
better Vickers hardness, is particularly appealing, thermal conductivity, high electrical conductivity,
High elastic modulus, hardness, high melting point, superior wear resistance, and good thermal
stability [6]. Studies show that TiB; particles do not react with aluminium [7]. As a result, brittle
reactions at the reinforcement—matrix contact are avoided [8]. The behaviour of aluminium
reinforced with TiC, TiB,, B4C, and SiC was compared utilizing the powder metallurgy approach [9].
TiB2 outperformed the other reinforcements in terms of mechanical properties. TiB; is frequently
used in advanced engineering ceramics due to its unique qualities [10].

The bioceramics are either strongly connected to the body’s possessed materials or are nigh-
indestructible metal oxides [11]. Dental and bone implants made of ceramics are increasingly widely
used in healthcare. Surgical cermets are frequently utilized. Bioceramic coatings are routinely used
on joint replacements to minimize wear and inflammation [12]. Bioceramics are also used in
pacemakers, kidney dialysis machines, and respirators, among other medical applications [13].
Bioceramics are intended for endovascular circulation systems such as dialysis or designed
bioreactors; otherwise, they are most commonly employed as implants. Because of their Physico-
chemical properties, ceramics have many uses as biomaterials [14]. Alumina (Al;Os) is often used in
bioceramics because it lasts longer than the patients. Middle ear ossicles, ocular prostheses,
electrical insulating for implantable devices, catheter holes, and countless prototypes of implanted
technologies such as cardiac pumps can all benefit from the material [15].

Nevertheless, porous materials have lesser mechanical strength than bone, making porous
implants fragile. In addition, the implant can induce mechanical stresses at the tissue interface
because the elastic modulus of ceramic materials is often higher than that of the surrounding bone
tissue [16]. Biologically active ceramics have already seen particular usage responsible for biological
reactivity, in contrast to their typical qualities. Instances include calcium phosphates, oxides, and
hydroxides [17]. Bioceramics are suitable for medical use because they are anticorrosive,
biocompatible, and attractive. Bioinertness and noncytotoxicity are two properties of zirconia
ceramic. Carbon is another mechanical option that includes the after-bone and blood compatibility,
no tissue reactivity, and no cell toxicity [18,19].

Due to the apparent geometric structure sophistication, high cutting costs, and high tool wear,
manufacturing materials with reinforcement using traditional machining processes is difficult. As an
outcome, non-traditional cutting processes for shaping metal matrix composites for a complex die
contour have been developed [20]. Electric discharge machining (EDM)has become one of the most
prevalent non-conventional methodologies. Electrically conductive materials are machined with
EDM employing finely regulated sparks between an electrode and the workpiece in a dielectric fluid
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media [21]. Using an artificial bee colony technique, researchers looked at numerous process
parameter combinations to find the best material removal rate MRR and surface roughness (R.) for
EDM of EN31 tool steel. They also looked into the effects of machining parameters on machining
performances, finding that when T-ON and current increased, so did MRR and R, [22]. The EDM
technique investigated the effects of voltage, current, T-ON, and duty factor on MRR, tool wear rate
(TWR), and Ra. They devised a mathematical model for determining the average R,, difficulty, and
MRR. The calculated values are incredibly close to the experimental findings. As a result, the
mathematical model can be utilized to analyse MRR and average R, responses for parameter
investigation [23]. In wire EDM of SS304, the output response of Ra and kerf-width were investigated
for optimization [24]. According to ANOVA results, T-ON and peak currents substantially impact the
surface quality of 2312 hot wrought steel [25]. In EDM process settings, the machining performance
of AA7075 reinforced with SiC MMC with a copper tool electrode was investigated. T-ON is
essential, contributing 57.9 % to performance measurements [26]. The central composite design
optimized process parameters while considering MRR, TWR, and Ra during EDM. MRR increases as
current increases, and TWR increases as peak current increases [27]. A genetic algorithm was
utilized to explore the cutting properties of EDM during the machining of Al6351-B4C-SiC MMC. The
results reveal that current contributed 68.92 % in predicting Ra [28].

The impact of EDM process parameters on an MMC of AA 6061/SiC with a tool made of copper
concluded that if the current was higher and voltage was lower, MRR reached its maximum.
Conversely, when both current and voltage are low, R, was improved [29]. The AA-6061/10% Al,O3
metal matrix composite machining properties were investigated using EDM. They managed the
process parameters to achieve the highest MRR and lowest TWR possible. Analysis of variance is
used to determine the optimal value of input parameters [30]. The effect of MMC of Al+TiB;
fabricated by in-situ process and machined by EDM indicates that MRR increases with the current,
while it decreases with the increases in reinforcement [31]. In machining Al/Cu/TiB; in-situ MMCs,
a multi-criteria optimization technique was used to optimize the EDM parameter. MRR, TWR, and
R. are reaction parameters, while discharge current, pulse on time, and pulse off time are machining
parameters. The study reveals that the optimized results agree with the confirmation run [32]. The
effect of the EDM on the machining of the Al+TiB; using the copper electrode for MRR, TWR, and R;
indicates that MRR and TWR increase by increasing the current and spark ON time. It reduces with
the increase of spark-off time, while R. depends on the applied current and increases with the
increase in the applied current [33]. Many studies were conducted on composite materials with
EDM and achieved significant results [18,19,34-36].

A literature survey revealed that machining research for Al/TiB, composites had been conducted
in some of the studies. On the other hand, The EDM of Al/TiB, squeeze cast composite on TWR has
received little attention. This research aims to govern the effects of EDM process parameters such
as current, pulse-on time, and voltage gap on TWR. The Box-Behnken method is used for the design
of experiments. Response surface methodology (RSM) models were developed, supported with
ANOVA, and verified with residual plots. The hardness and tensile strength (TS) were reported for a
fabricated composite of AA 6061 with 5 and 10 vol.% TiB..

Experimental

Composite preparation

Aluminium 6061 alloy is one of the most extensively used materials in the Al6xxx series due to its
high strength, outstanding workability, and excellent corrosion resistance [37]. On the other hand,
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TiB; is a well-known ceramic material with exceptional properties [38-40]. As a result, the study's
matrix is Al alloy 6061 reinforced with TiB,. Hindalco's AA 6061 ingots were used as the matrix
material, sliced into small pieces, and melted using TiB; of less than 10 microns. The SEM of Al 6061
is shown in Figure 1(a), and EDS is shown in Figure 1(b). Figure 1(c) shows the SEM of TiB,, and Figure
1(d) depicts the EDS of TiB,.

Sample 7~
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c d

s TRER y ¢ P07 Energy, keV
Figure 1. (a) SEM of Al 6061, (b) EDS of AA 6061, (c) SEM of TiB., (d) EDS of TiB;

EDS analysis

Energy dispersive X-ray synthesis, or EDS analysis, is also known as energy dispersive X-ray
microanalysis. It's an analytics method for identifying a sample's chemical composition or charac-
terization. It is based on an interaction between an X-ray emitter and a specimen [41-43]. When
applied to the ready samples with completely varied percentages of TiB,, the EDS assessment
provides the following results, as shown in Figure 2, and constituents of the EDS of AA6061 + TiB,.
Figure 2(a) AA6061+ 5 vol.% TiB, indicates the presence of aluminium, titanium, boron, and
magnesium. Figure 2(b) AA6061 + 10 vol.% TiB; leads the aluminum, titanium, boron, chromium,
and copper. Figures 2(c) and 2(d) show EDS layered images showing Ti and boron with uniform
distribution.

Mechanical testing

Mechanical testing is a technique for determining a material's mechanical characteristics. It is used
to assess a material regardless of its geometry and under specific topological situations [44-46].

Hardness and tensile strength test

The influence of TiB, particles on matrix hardness was investigated using a Vickers hardness
tester on polished samples of produced AA 6061/TiB, specimens. The test was carried out following
the ASTM E384-10 standard. In addition, hardness tests were performed at three different sites to
safeguard the hard reinforcement particles from the indenter resting effect. The hardness of AA
6061 + 5 vol.% TiB, and AA6061 + 10 vol.% TiB; are shown in Table 1. The hardness of TiB; increases
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as the percent volume of TiB; increases. The outcome of TS is depicted in Table 2. It is clear that
with the increase in the content of the reinforcement, there is an increase in TS.
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Figure 2. EDS of composite specimens (a) AA6061 + 5 vol.% TiB,; (b) AA6061 + 10 vol.% TiB;; layered EDS
image for (c) Ti and (d) boron
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Table 1. Microhardness reading of MMC

Microhardness, HV

Sample Trial 1 Trial 2 Trial 3 Mean
AA6061+ 5 vol.% TiB, 100.8 102.3 101.7 101.6
AA6061+ 10 vol.% TiB, 150.6 151.6 154.7 152.3

Table 2. Tensile strength of MMC
Sample Tensile strength, MPa
AA6061+ 5 vol.% TiB, 142.4
AA6061+ 10 vol.% TiB, 195.1

Design of experiments

The Box-Behnken design (BBD) is a second-order response surface methodology (RSM) model
that is the focus of most RSM research [29]. The BBD only requires three levels for each element to
fit a second-order regression model (quadratic). The BBD chose a middle ground between the
components' initial low and high levels [47-49]. Face points, rather than corner points, are used in
the BBD, resulting in fewer experimental runs. The experiments were designed using the BBD
approach with Design expert software 7.0.0 version and three process parameters with 17 runs to
examine the impact of EDM parameters on MRR.

e Peak current (A), three levels 1, 2,3 at3,4,and5A

e Pulse on time (B), three levels 1, 2, 3 at 10, 15, and 20 ps

e Voltage gap (C), three levels 1, 2, 3 at 15, 30, and 45 V

A Die sinking EDM of Electronica, Pune, India, with model Electrica RT 20, was used to conduct
the testing. It has a work tank that measures 650x400x280 mm and a working table that moves 200
mm in the x-direction, 280 mm in the y-direction, and 300 mm in the z-direction. The MMC of AA
6061 + 5 vol.% TiB, and AA6061 + 10 vol.% reinforcement has a 50 mm outer diameter, and two
cylindrical rods with diameters of 23 mm and cylindrical rod slices of 3 mm were produced from this
casting using wire cut EDM with brass wire, 0.25 mm diameter, wire tension of 7 to 8 N, and distilled
water as a dielectric. As a result, the EDM machining raw material is 23x3 mm in size. The copper
electrode was 4 mm in diameter. The dielectric fluid was Gandhar oil refinery Limited’s Divyol SEO
25 oil, with flash and fire points of 112 and 124 °C, respectively. At 20 and 40 °C, the fluid has a
viscosity of 3.48 and 2.35 mm? s}, respectively, and a boiling point of 240 °C.

Measurement of tool wear rate

TWR was calculated for each experimental trial using the weight loss method during EDM
machining, as shown in Equation (1) [30]. A computerized mass balance with a 0.001 g precision is
used to estimate the beginning and end weights of the specimens. Each test sample's measurements
were taken three times to ensure accuracy.

TWR = Winitial ~Wrinal (1)
pT

were w is weight, pis density, is time

Results and discussion

Modelling and ANOVA of tool wear rate

The response surface methodology (RSM) was utilized to develop a model [50,51] for TWR while
EDM machined AA6061 + TiB; MMC material. TWR could be estimated using the mathematical
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model of peak current A, pulse on time B, and voltage gap C. To construct quadratic TWR models,
the test plans were created. TWR was parametrically characterized, and a link to machining
parameters was attempted. The developed TWR model for AA 6061 + 5 vol.% TiB; is shown by
Equation (2) and for TWR AA6061 + 10 vol.% TiB, in Equation (3). The model's relevance, the
importance of distinct aspects, and the lack of fit were determined using statistical testing.

TWR (AA 6061+ 5 vol.% TiB,) = 0.25 + 0.025A + 2.875x103B - 5.000x10C -

-0.016A + 0.013AC- 103B + 0.018A% + 0.019B% - 0.013(? (2)

TWR (AA6061 + 10 vol.% TiB;) = 0.23 + 0.069A + 8.500x1073B + 1.750x1073C +

+2.750x1073AB - 2.500 x104AC - 5.750x103BC + 0.024A? - 2.975x10382 + 2.500x10°C*>  (3)

ANOVA is a family of standardized models and accompanying estimates processes for analyzing
differences between means [52,53]. It's used in various settings to see if there's a significant
difference between means of distinct groups [54-56]. For example, Table 3 shows ANOVA for TWR:
RSM for TWR of 5 vol.% TiB, (Partial sum of squares-type Ill). Table 4 shows ANOVA for TWR: RSM
model for TWR of 10 vol.% TiB; (Partial sum of squares-type IIl).

Table 3. ANOVA for TWR: RSM for TWR of 5 vol.% TiB; (Partial sum of squares - type Ill)

Source Sum of squares df Mean square F value p-value - prob>F
Model 0.010 9 1.134x103 35.56 < 0.0001 Significant
A 4.950x10°3 1 4.950x103 155.21 < 0.0001 Significant
B 6.613x10° 1 6.613x10° 2.07 0.1931
C 2.000x10°® 1 2.000x10® 0.063 0.8095
AB 1.056x103 1 1.056x1073 33.12 0.0007 Significant
AC 7.290%x10! 1 7.290 22.86 0.0020 Significant
BC 4.000x10°® 1 4.000x10® 0.13 0.7337
Residual 2.233x10* 7 3.189x10” - -
lack of fit  4.525x10° 3 1.508x10°  0.34 0.7996 _Non-
Significant
Pure error 1.780%x10* 4 4.450x10° - -
Cor total 0.010 16 -- -- --
Std. dev. 5.647x10° -- -- R? 0.9786
Mean 0.26 - - Adj R? 0.9511
v, % 2.19 - - Pred R? 0.9039
PRESS 1.002x1073 - -

The model F-values of 35.56 and 72.21, respectively, indicate that the model is significant for
5 and 10 vol.% TiB,. Due to noise, there is only a 0.01 % chance that a "model F-value" this large
will occur. The EDM parameters' significance is revealed by p values less than 0.05. TWR of 5 vol.%
TiB2 A, AB, and AC are significant, but TWRs of 10 vol.% TiB, A and B are significant. The lack of non-
significant results in the developed modes indicates they are good. F-values of 0.34 and 0.52 for
TWR of 5 vol.% TiB, and 10 vol.% TiB, show no substantial lack of fit. The lack of fit at 5 vol.% TiB.
may be attributed to noise in 79.96 % of cases and at 10 vol.% TiB, in 68.95 % of cases. Excellent
concordance is seen between the observed R-square values of 0.9511 for 5 vol.% TiB, and 0.9756
for 10 vol.% TiB, and the expected values of 0.9039 and 0.9400, respectively.
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Table 4. ANOVA for TWR: RSM model for TWR of 10 vol.% TiB; (Partial sum of squares - type lll)

Source Sum of squares  df Mean square F value p-value - prob>F
Model 0.041 9 4.578x103 72.21 <0.0001 Significant
A 0.038 1 0.038 600.76 <0.0001 Significant
B 5.780x10* 1 5.780x10* 9.12 0.0194 Significant
C 2.450x10° 1 2.450%x10° 0.39 0.5539
AB 3.025%x10° 1 3.025x10° 0.48 0.5120
AC 2.500x10”7 1 2.500x10”7 3'33?5_ 0.9517
BC 1.323x10* 1 1.323x10* 2.09 0.1919
Residual 4.438x10* 7 6.340x10° -- --
Lack of fit 1.250%x10* 3 4.167x10° 0.52 0.6895 Non- Significant
Pure error 3.188x10* 4 7.970x10° -- --
Cor total 0.042 16 - - -
Std. dev. 7.962x103 - -- R? 0.9893
Mean 0.24 - - Adj R? 0.9756
CV, % 3.28 - - Pred R? 0.9400
PRESS 2.498x10°3 - -

Assessment of actual and predicted TWR

The predicted versus actual responses were displayed to verify the appropriateness of the
created model. The RSM model's effectiveness for the replies was assessed by inserting the data
into the constructed model [57,58]. The experimental results are compared to the predicted data
from the analysis, as shown in Figure 3.
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Figure 3. Plots for TWR (a) AA6061 + 5 vol.% TiB,(MMC) and (b) AA 6061 + 10 vol.% TiBz (MMC)

The proposed quadratic models for responses performed admirably, with a little lack of fit, and
had no difficulty predicting response values, as indicated by the smallest range of projected data
points in both situations. The anticipated value points were uniformly distributed, near the parity
line, and fit in a straight line. The model robustness gains confidence as a result of this.

Normal probability plots

A normal probability map is a visual tool detecting significant deviations from normality.
Examples include outliers, skewness, kurtosis, the need for transformations, and mixtures. They are
raw data, model fit residuals, and predicted variables [59-61]. If the data are roughly normally
distributed, the sorted data are plotted versus values chosen to make the final image look near a
straight line. Variations from a straight line indicate discrepancies [51,62]. For example, the normal
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probability plot of residuals for TWR for AA6061 + 5 vol.% TiB, MMC is shown in Figure 4(a) and for
TWR for AA6061 + 10 vol.% TiB; MMC in Figure 4(b). Most plotted points form a reasonably linear
pattern, with minimal deviations from the straight line indicating consistent data, indicating the
model competence.

a b
Color points by value of Color points by value of
Tool Wear Rate=mm?® mim* Tool Wear Rate=mm? mim™
9.
99 =
0321 ] 0335 : .
] a ]
0215 B3 0178
= %0 .,\“_ 20
= 20 4 f 80
é LE 2 7
o sl
[ =04 a ° =0
(=% (=%
= 04 = 2
©
£ 204 E 204
S S
Z 10 z 10
5= L&
1o E
]
1 1

Internal standardized residual Internal standardized residual

Figure 4. Normal probability plots for TWR (a) AA6061 + 5 vol.% TiB; (MMC),
(b) AA 6061 + 10 vol.% TiB; (MMC)

Optimization of EDM for developed MMC by desirability analysis

Desirability analysis solutions for TWR for 5 and 10 vol.% TiB are shown in Table 5, with the top
five results to choose the best value.

Table 5. Desirability Solutions for TWR

AA6061 + 5 vol.%TiB,

Number  Current, A Time, us Voltage, V TWR, mm?3 min! Desirability
1. 3.32 14.01 44.73 0.2146 1.000 selected
2. 3.30 14.09 44.68 0.2145 1.000
3. 3.02 13.32 43.35 0.2134 1.000
4, 3.11 12.99 44.35 0.2117 1.000
5. 3.04 14.27 44.11 0.2133 1.000
AA6061 + 10 vol.%TiB;
1. 3.13 10.16 15.59 0.1749 1.000 selected
2. 3.00 10.92 18.67 0.1760 1.000
3. 3.08 10.06 21.98 0.1768 1.000
4, 3.05 11.26 17.90 0.1777 1.000
5. 3.02 10.49 21.91 0.1767 1.000

The optimal value for MMC of AA 6061 + 5 vol.% TiB; has a current of 3.32 A, a duration of 14.01
us, and a voltage gap of 44.73 V, resulting in a TWR of 0.2146 mm3min. An optimal value for the
MMC of AA6061 + 10 vol.% TiB», with a current of 3.13 A and a time of 10.16 ps with a voltage gap
of 15.59V, yields a TWR of 0.1749 mm3min?.

Perturbation plot

The perturbation plot can be used to compare all the components' effects at a single point in the
solution space. Only one parameter is changed across the response spectrum, while the others
remain constant. For example, Figure 5 shows the perturbation plot for TWR of AA6061 + 5 vol.%
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TiB, and AA6061 + 10 vol.% TiB,, where A represents peak current, B represents pulse on time, and
Cindicates voltage gap. TWR rises as current rises, and pulse on-time slightly impacts TWR, whereas
voltage has a much smaller impact.

a b
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B:Pulse onTime=15.00 ps A:Peak current=4.00A
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Figure 5. Perturbation plots for TWR (a) AA6061 + 5 vol.% TiB, (MMC); (b) AA 6061 + 10 vol.% TiB; (MMC)

Contour plots

A contour plot is a graphical technique for displaying a 3-dimensional surface in a 2-dimensional
format by showing contours. A contour plot is a 2-D version of a 3-D surface plot [63-65]. For
example, it is evident from Figure 6 for 5 and 10 vol.% TiB; that as the current and time increase,
there is an increase in the tool wear. Furthermore, it is evident from Figures 6(a) and 6(b) that with
the increase in the current tool wear rate increases, the blue area indicates less TWR, and the red
indicates more TWR.
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Figure 6. Contourplots for TWR (a) AA6061 TiB; (5 vol.%) MMC, (b) AA 6061 TiB; (10 vol.%) MMC

Surface roughness at optimal variables and comparative analysis

The tool wear and surface roughness for 5 vol.% TiB; is 0.2146 mm3min™ and 2.47 um, respect-
tively. Tool wear and surface roughness for 10 vol.% TiB> is 0.1749 mm3min?! and 3.03 um.
Therefore, it indicates that as the reinforcement grows, the tool wear and surface roughness
decreases, indicating that as the reinforcement increases, the MRR decreases, directly affecting the
TWR and R,; similar results were also reported [55,56]. The comparative results for TWR, R,
hardness and tensile strength are shown in Figure 7 and optimal EDM variables.
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Figure 7. Comparative results for AA6061 + TiB; (5 vol.%) MMC, and AA 6061 + TiB; (10 vol. %) MMC

Conclusions

Squeeze casting made the Al alloy 6061 MMCs with 5 and 10 vol.% TiB; reinforcements. Squeeze
cast specimens have less porosity than squeezing because they are created with a squeeze motion.
Chemical composition revealed by microstructure and EDS analysis included Ti, Boron, and other
elements. Because of its exceptional characteristics, Al MMC has a well-known use. The experiments
were designed using the BBD approach to explore the impact of EDM parameters, including peak
current, pulse on time, and voltage gap on TWR. Various analyses of TWR's optimization and
modelling lead to meaningful results.

e The results of Squeeze casting reveal that when the TiB; increased from 5 to 10 vol.%, the
hardness increased from 101.6 to 152.3 Hv, while tensile strength increased from 142.4 to
195.1 MPa, respectively.

e The EDM parameters for MMC of AA 6061 + TiB; with 5 and 10 vol.% reinforcement casting
reveal that as the current increases, so does the surface roughness. In addition, TWR was
observed to rise when pulse on time increased.

e The RSM F-values of 35.56 for TWR of 5 vol.% TiB,and 72.21 for TWR of 10 vol.% TiB; indicate
that the model is significant, and the predicted R? of 0.9039for TWR of 5 vol.% TiB,, and 0.9400
for TWR of 10 vol.% TiB; are in reasonable agreement with the corrected R? of 0.9511 and
0.9756, respectively.

e Desirability analysis reveals that the optimal value for MMC of AA 6061 + 5 vol.% TiB; has a
peak current of 3.32 A, pulse on time of 14.01 us, and a voltage gap of 44.73 V, giving a TWR
of 0.2146 mm3mint. An optimal value for the MMC of AA6061 + 10 vol.% TiB, with a peak
current of 3.13 A and a pulse on time of 10.16 us with a voltage gap of 15.59 V produces a
TWR of 0.1749 mm3min™.
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