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Abstract In this study, a simple roller burnishing tool was
made to operate burnishing processes on A356/5%SiC metal
matrix composite fabricated by electromagnetic stir casting
under different parameters. The effects of burnishing speed,
burnishing force and number of burnishing passes on the
surface roughness and tribological properties were measured.
Scanning electron microscopy (SEM) graphs of the machingd
surface with PCD (insert-10) tool and roller burnished surfacc
with tungsten carbide (WC) roller were taken into ¢énsider-
ation to observe the surface finish of metal matrix cOi:
The mechanical properties (tensile strength, kardness;< %s#
tility) of A356/5%SiC metal matrix compogftes ere stuaied
for both unburnished samples and burpidhed sari ps. The
results revealed that the roller burnislfed samples 0f A356/
5%SiC led to the improvement in ter, Jle strenzth, hardness
and ductility. In order to find out the " 3 of roller bur-
nishing process parameters on the & se roughness of A356/
5%SiC metal matrix composite, rggponse surface methodol-
ogy (RSM) (Box—Behnken'{ Isign) yas used and a prediction
model was developed i pvt: average surface roughness
using experimentgi data. 1. e range of process parameters,
the result shows v ¥ roller ournishing speed increases, and
surface roughness de pdses, but on the other hand roller
burnishipg force and number of passes increase, and surface
roughness<_¥reasgs. Optimum values of burnishing speed
(1.5%42)), buit, ¥hing force (50 N) and number of passes (2)
2 ing/ wiapburnishing of A356/5%SiC metal matrix com-
posic_hto, minimize the surface roughness (predicted
1.232 pin) have been found out. There was only 5.03% error
in the experimental and modeled results of surface roughness.
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1 Introdaction

Inl reasing need for new lightweight materials with good
echanical properties has led to the development of a new
generation of composite materials over recent decades,
even though these increased mechanical properties after the
addition of reinforcement create major challenges for
machining with good surface quality. Composite materials
with good mechanical properties, such as good strength,
toughness and greater hardness, cause serious tool wear
when traditional machining is used [1]. Burnishing is a
low-cost surface treatment process and can be applied to
improve surface quality. During burnishing, the generated
pressure exerted by the tool exceeds the yield point of part
surface at the point of contact, and causes a small plastic
deformation. This plastic deformation created by roll or
ball burnishing is a displacement of the material that flows
from the peaks into the valleys under pressure, and results
in a mirror-like surface finish with a strain-hardened, wear,
and corrosion-resistant surface [2]. Both ball burnishing
and roller burnishing are cold-working processes that do
not involve material removal, and can produce work
hardening of the part surface. Roller burnishing is applied
to cylindrical workpieces on both external and internal
surfaces, and its tools are similar to roller bearings [3].
El-Axir [4] studied the influence of burnishing
speed, force, feed, and number of passes on both surface
microhardness and roughness. Mathematical models were
presented for predicting the surface microhardness and
roughness of St-37 caused by roller burnishing under
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lubricated conditions. Variance analysis was conducted to
determine the prominent parameters and the adequacy of the
models. From an initial roughness of about surface roughness
4.5 pm, the specimen finished to a roughness of 0.5 pum. It is
shown that the spindle speed, burnishing force, burnishing
feed and number of passes have the most significant effect on
both surface microhardness and surface roughness. El-Kha-
beery and El-Axir [5] presented an investigation of the effects
of roller-burnishing upon surface roughness, surface mi-
crohardness and residual stress of 6061-T6 Al alloy. Mathe-
matical models correlating three process parameters including
burnishing speed, burnishing depth of penetration and number
of passes, were established. It is shown that low burnishing
speeds and high depth of penetration produce much smoother
surfaces, whereas a combination of high speed with high
depth leads to rougher surfaces because of chatter. The opti-
mum number of passes that produces a good surface finish is
found to be 3 or 4. Luo et al. [6] conducted the experiments
with a simply designed cylindrical surfaced polycrystalline
diamond tool. It was found that smaller parameters did not
mean lower surface roughness or waviness, and different
optimum burnishing parameters could be got under different
burnishing conditions. Luo et al. [7] examined the effects of
the burnishing parameters on the burnishing force and the
surface microhardness with theoretical analysis and cgf-
cluded that the burnishing feed and depth were the mogt sig

nificant factors. Luo et al. [8] compared theoretical results
with the experiments in which Al alloy LY 12 wasSc:_tedvas
material for making the specimens. A new cylindricalj ¥
crystalline diamond tool was developed fgf t hburnishking
process, and it showed that the theoreticalshadel wa: psically
correct in describing the burnishing fOrocess. Yeldose and
Ramamoorthy [9] presented an inve| eation jor the com-
parison of the effects of the uncoated“ 31N coating by
reactive magnetron sputtering o1« F&L rollers in burnishing
with varying process parameters) f was observed that the
burnishing speed, burnjghin, force $sd number of passes had
almost equal effect ot 4 Whance of the roller in bur-
nishing, particulagly with 1¢_jgence to the surface finish of the
components pudde Ad. El-Taweel and El-Axir [10] showed
that the bumishing < We¢ with a contribution percent of
39.87% fér surface roughness and 42.85% for surface micro-
hardness 1i_the dominant effect on both surface roughness
andA. wo-hai Xess followed by burnishing feed, burnishing
9{. »d / wiethén by number of passes. Klocke et al. [11]
obsc: d an additional influence on the surface roughness for
high royer ball diameters. Franzen et al. [12] showd that the
process parameters of the roller burnishing process had a
strong influence on the surface topology of the friction ele-
ments and their tribological properties. Sagbas [13] developed
a quadratic regression model to predict surface roughness
using response surface methodology (RSM) with rotatable
central composite design (CCD). In the development of
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Table 1 Chemical composition of A356 alloy [19]

Element Composition /wt.%
Si 6.5-7.5

Fe 0.2

Cu 0.2

Mn 04

Mg 25 45

Zn 0.1

Ti 0.1

Al Balance

predictive models, bumishii hforce, number of passes, feed
rate and burnishing4 sed were snsidered as model variables.
Korzynski et al€[14} amined the effects of burnishing
parameters o Wiface roy.ghness and obtained the relevant
mathemati€ ,mg ‘glspand multinominals of the second order
that also allow®_the interaction of input factors for burnished
42CrNpd, alloy seeel shafts. From the analysis it was con-
cluded tha:*" Tace microhardness increased by up to 29%.
Swirad [{5] introduced the new diamond sinter with ceramic
bonding phase in the form of Ti;SiC, as the tool material for

ling burnishing to eliminate existing defect of the applied
co nposites. Tadic et al. [16] achieved high surface quality
with relatively small burnishing forces for Al alloy EN AW-
6082 (AlMgSil) T651. Balland et al. [17] investigated the
mechanics of roller burnishing through finite element simu-
lation and experiments. Balland et al. [18] proposed a finite
element modeling of the ball burnishing process and analyzed
the effect of the burnishing process on the material.

On the basis of literature review, it was found that no
researcher had investigated the mechanical properties and
surface roughness of A356/SiC composite (Al/SiC com-
posite) after roller burnishing with tungsten carbide rollers.
Hence, in view of the above facts, an investigation was
carried out to find the effects of roller burnishing process
parameters on the surface roughness of A356/5%SiC metal
matrix composite. The roller burnished A356/SiC com-
posite was characterized in terms of the SEM micrograph
of surface, tensile strength, ductility, hardness. In order to
properly design a burnishing process, roller burnishing
process parameters were optimized with respect to surface
roughness using a Box—Behnken design RSM.

2 Materials and methods
2.1 Matrix alloy

In this study A356 alloy was selected. It has very good
mechanical strength, ductility, hardness, fatigue strength,
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Table 2 Properties of A356 alloy [19]

Properties Values
Liquidus temperature /°C 615
Solidus temperature /C 555
Density /(g-cm™) 2.685
Table 3 Silicon carbide (beta) particle parameters

Properties Values
Purity /% 95
Average particle size /um 25
Density /(g-cm™>) 3.21
Morphology Spherical
Table 4 Properties of silicon carbide

Properties Values
Melting point temperature /°C 2,200-2,700
Hardness (Vickers) 2,800-3,300
Density /(g-cm™) 32

Crystal structure Hexagonal

pressure tightness, fluidity, and machinability [15]. The
chemical composition and properties of A356 ar€™ v inin
Tables 1 and 2.

2.2 Reinforcement material

Silicon carbide was used as the rei| ‘orcemejit phase. To
select a suitable reinforcement materi, ¥g9”Al, important
facts such as density, wettabilit] ‘Bwithermal stability were
considered. Silicon carbide is a Widely used reinforcement
material because of its,£0c¢ wettability with the Al matrix
[20, 21]. The silieGi he2 particle parameters and
properties are sheAvn in 5 hles 3 and 4.

2.3 Roller hurnishing hgol

A burhisi_ W tog» with changeable adapter roller was
desig Wl ana” Wticated for the purpose of the experimental
tdis. ) imurel shows a schematic representation with

dimic_pion of the roller burnishing tool in which a shank is
rigidlyj<lamped on the lathe machine. A helical compres-
sion spring is used to exert the burnishing force during
roller burnishing operations. A roller adapter is used to
contain burnishing tungsten carbide (WC) roller with dif-
ferent rolls. A dial gauge is fixed at the end of the shank
and directly placed in contact with the spring guide [22].
Thus, when roller burnishing force is applied, the axial
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Fig. 1 Detailed sectional view of rgiier burnisi:_ Wfool assembly [22]

sliding motion of the s¢
dial gauge.

g g r0d is identified by the

2.4 Fabricati@i Wf metaljinatrix composite

Figure 2 sho the schematic of electromagnetic stir
castinfpsat-up. A556 alloy was heated to above 650 °C in
muffle \fuiii. °7 The temperature was controlled by con-
necting the relay from the muffle furnace and thermocouple
up to 700" °C. Liquid A356 Al alloy at a given temperature
« 0 °C) was poured into a graphite crucible which was
pa ked very well with the help of glass wool. Silicon
Yarbide particles with average size of 25 um were pre-
heated at 450 °C for 1 h prior to introduction into the
matrix. The argon gas was used at the tip of melt A356
alloy during the mixing of SiC. Coolant was used to pro-
vide the proper cooling to the windings of motor and
vacuum box was used to provide vacuum inside the box to
prevent casting defects. The prepared samples of A356/
5%SiC metal matrix composites are shown in Fig. 3.

2.5 Selection of roller burnishing process parameters
and their levels

Before the roller burnishing process of A356/5%SiC metal
matrix composites, the turning processes [24, 25] were
carried out in dry cutting conditions using CNC lathe with
PCD (insert-10) tool. During turning of A356/5%SiC metal
matrix composite, in all seventeen runs, depth of cut
(0.20 mm), speed (3.16 m/s) and feed rate (0.14 mm/rev)
were taken as fixed values [19]. After the machining of all
seventeen turning samples, a lathe machine was used for
roller burnishing process, as shown in Fig. 4. The roller
burnishing processes were performed by clamping it on the
tool post of lathe. The lathe machine has variable spindle
speeds with a maximum power of 20 kW.

A calibration process was managed using the actual bur-
nishing operation setting to obtain a relationship between the
burnishing force, burnishing speed, number of passes and the

@ Springer



306

S. P. Dwivedi et al.

Control panel

F

” . Winding coolant pump
Matrix pouring
temperature recorder .

Three phase
transformer

Fig. 2 Experimental set-up of electromagnetic stir casting process [23]

samples of machined A356/5%SiC composite
ing to these parameters (burnishing speed of 1.17 m/s,
burnishing force of 100 N and number of passes of 3)
were found to be 1.15 pm, 1.18 pum, 1.22 pm, 1.20 pm,
1.18 pm, respectively. This shows that there is only 5.73%
error in the experimental results. Hence, the developed set-
up for the roller burnishing can be effectively used. Figure 5
shows the SEM micrographs of the surface layer of the
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Fig. 4 Roller burnishing process

A356/5%SiC metal matrix composites during tool calibra-
tion process with WC roller.

There are various process parameters of roller burnish-
ing affecting the surface roughness. On the basis of pilot
run investigations, the following process parameters were
selected for study. Their ranges are given in Table 5.

2.6 RSM

RSM covers statistical experimental design, regression
modeling technique, and optimization method. It is useful
for the prediction and optimization of process parameters
on machining performances. Box—Behnken design is an
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Fig. 5 SEM micrographs of the surfaces of A356/5%SiC metal matrix composites gene

in roller burnishing with WC roller

Table S Process parameters with their ranges

Input parameters

Burnishing speed /(m-s~")
Burnishing force /N
Number of passes

screening factorial experiments. Box
not contain any point at the vertic
points on the
al,combinations that
e to test because of
6]. Steps involved in
Fig. 6.

y :f(€17§27"

d under conditions

Objective of the present work is to concentrate on the

cond strategy: statistical modeling to develop an appro-
te approximating model between the response y and
ependent variables, &, &, -, &.

In general, the relationship is

&) +e (1)

If normal distribution is with mean O and variance 02,
then, it may be written as

E(y) =n=E(f(, &, &) +E(e)

:f(ihéb"'aik)) (2)
where variables &;, &, -+, & are usually the natural
variables.

In terms of the coded variables, the response function
(Eq. (2)) will be written as

Adopt the Box-Behnen design
to plan the experimental design

Perform the experiments
according to Box-Behinen
design matrix

Obtain the optimal design
parameters for desired response
(surface roughness)

Carry out the statistical

Perform the regression
analysis with the
quadratic model of response

analysis

!

Conduct the confirmation
experiments to verify the
optimal design parameters settings

Fig. 6 Steps involved in Box—Behnken design
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Table 6 Design matrix and experimental results

Standard order Run Burnishing Burnishing Number Surface
speed /(m-s™") force /N of passes roughness /pm

10 1 1.17 150 2 0.500

2 2 1.50 50 3 0.798

3 3 0.83 150 3 2.700

15 4 1.17 100 3 N150

8 5 1.50 100 4 %300

1 6 0.83 50 3 1500

6 7 1.50 100 2 0.100

4 8 1.50 150 3 1.800

7 9 0.83 100 4 2.200

9 10 1.17 50 9 0.200

16 11 1.17 100 3 1.200

17 12 1.17 100 3 1.290

14 13 1.17 100 3 1.270

5 14 0.83 100 2 1.000

13 15 1.17 100 3 1.250

11 16 1.17 50 4 1.100

12 17 1.17 15¢ 4 2.200
n=rX,X, -, Xp). (3) patrix alloy is reasonably homogeneous. Further the

For the case of two independent variables, the first-orde.
model in terms of the coded variables will be writéen as

n =B+ BiXi + B Xz (%)

The form of the first-order model in Eq. (45 W sometities
called main effects model, because it jncludci anly the
main effects of the two variables X; #ind X,. If there is an
interaction between these variables, | \can be hdded to the
model easily as follows

n=PBo+ BiXi + BXo + P12 Xi52 (5)

2.7 Planning of experips@is

The arrangement Mnd  yresults of the 17 experiments
carried out in th{ wwvork bay’d on the Box-Behnken design
are shown in Table¥ ) The design is prepared with the help
of Desigi¥ Expert Spttware, which is used to create
experimit hal/¥esifns.

3 ¥ursund discussion

3.1 Microstructure of metal matrix composite

The microstructures of A356/5%SiC metal matrix com-
posites are exposed in Fig. 7. The microstructures point out

the indication of minimum porosity in the A356/5%SiC
metal matrix composites. The distribution of SiC in a

@ Springer

1, srophotographs of A356/5%SiC composite exhibit a
ggod bond between the matrix alloy (A356) and the SiC
particles (see Fig. 8). Three major causes determine the
properties and performance of metal matrix composites of
A356/SiC: (i) properties of the constituent materials, (ii)
the size, shape, quantity, and distribution of the rein-
forcement (SiC), and (iii) the effectiveness of the bond
between matrix (A356 alloy) and reinforcement (SiC) in
transferring stress across the interface.

3.2 Surface layer of A356/5%SiC composites

Figure 9 shows the SEM micrographs [27] of the surface
layer of the A356/5%SiC metal matrix composites gener-
ated under turning with PCD (insert-10) tool and roller
burnishing with WC roller. Cracks and pits are observed on
the machined surfaces of A56/5%SiC composites under
turning with PCD (insert-10) tool. Comparing Figs. 9a, b, it
is found that the amounts of cracks and pits are significantly
reduced and a better surface integrity is obtained after the
roller burnishing with constant burnishing speed (1.5 m/s),
constant burnishing force (50 N) and constant number of
passes (2). After the roller burnishing process, reduced
amounts of plastic deformation results in smaller amounts
of cracks and pits (see Fig. 9b). It shows that average sur-
face roughness of A356/5%SiC metal matrix composite
under turning with PCD (insert-10) tool is 3.732 um. While
average surface roughness of A356/5%SiC metal matrix
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SiC particles

Fig. 7 Microstructures of A356/SiC metal matrix composites

SiC reinforcements

Good
bonding
A356 alloy
Fig. 8 Optical micrograph of A356/5% Si icating d bond

between the matrix and reinforcements

composite under roller burnishing is
Reduced surface roughness of
composite under roller burnishin

(predicted).
SiC metal matrix
.98%.

of the surfaces of

sampling
burnishi.

7 Turning with PCD (insert-10) tool leads to
ration of dislocations (see Figs. 10a, b). After the
roller bdrnishing, dislocations are reduced.
3.3 Mechanical properties

For tensile and hardness testing, five samples of A356/
5%SiC metal matrix composites have been prepared, as
shown in Table 7. In this study the experimental result

roller 2 is 305.80 MPa. Improved tensile strength
under ré¢ller” burnishing is 1.81%. Ductility is a solid
aterial’5 ability to deform under tensile stress, and it is
n characterized by being stretched into a wire.
roved ductility of A356/5%SiC metal matrix composite
der roller burnishing is 14.49% (see Table 7). It can be
seen from Table 7 that average hardness of A356/5%SiC
metal matrix composite under turning with PCD (insert-10)
tool is 83.38 BHN. While average hardness of A356/
5%SiC metal matrix composite under roller burnishing is
88.83 BHN. Improved hardness of metal matrix composite
under roller burnishing is 6.13%.

3.4 Analysis of surface roughness of A356/5%SiC
roller burnished samples

The aim of the present investigation is to analyze the
effects of burnishing speed (m/s), burnishing force
(N) and number of passes of roller burnishing with WC
roller on surface roughness of A356/5%SiC metal matrix
composite. The selected experimental design is Box—
Behnken design and the design matrix is shown in
Table 6. The analysis of response was done using Design
Expert Software. Analysis of variance (ANOVA) for
surface roughness is shown in Table 8. F value is
defined as the ratio of mean square model to mean
square error, and the probability of F' value greater than
calculated F value is expressed by p value due to noise.
If p value is less than 0.05, significance of corresponding
term is found. Significant p value (p < 0.05) means that
the testing sample data are a normal subset of the pop-
ulation data. For lack of fit p value must be greater than

@ Springer



310

S. P. Dwivedi et al.

Rough surface

Mag.-25 K X

Smooth surface

Fig. 9 SEM micrographs of the surfaces of A356/5%SiC metal matrix composites generated und,

tool b roller burnishing with WC roller

, d roller burnishing with WC roller

anything left out of model is not significant and the
model developed fits. Based on ANOVA test, the full
quadratic model was found to be relevant for surface
roughness of A356/5%SiC metal matrix composite under
roller burnishing with WC roller with regression p value
less than 0.05 and lack of fit greater than 0.05. From
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conditiG

grmation mechanism of the surfaces of A356/5%SiC metal matrix composites at higher magnification: a, b turning with PCD

Table 8, terms burnishing speed, burnishing force, num-
ber of passes, square terms of burnishing speed, bur-
nishing force, number of passes and interaction terms
between burnishing force and number of passes are
significant model terms. The regression equation can be
expressed in Eqgs. (3) and (4) in terms of coded factors
and actual factors, respectively.
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Table 7 Observations of tensile strength, ductility and hardness of composites

Sample No. Turning with PCD (insert-10) tool Roller burnishing with WC roller
Tensile Percentage Hardness /BHN Tensile Percentage Hardness /BHN
strength /MPa elongation strength /MPa elongation (ductility) /%
(ductility) /%
1 292.60 4.50 75.60 299.45 5.50 00
2 298.50 5.20 82.35 303.56 6.80 8166
3 304.45 6.65 86.66 307.55 7.25 3
4 301.22 6.40 84.80 306.45 7.11 8
5 304.45 6.45 87.50 312.00 7.50 4.50
Average values 300.24 5.84 83.38 305.80 6.83 88.83

Table 8 ANOVA for surface roughness

Source Sum of square DF Mean square F value ( value Prob. >F

Model 7.63 9 0.85 93.9 < 0.0001 Significant
A (Burnishing speed) 1.62 1 1.62 179 < 0.0001

B(Burnishing force) 1.45 1 1.45 160.28 < 0.0001

C(Number of passes) 3.13 1 3.13 < 0.0001

AB 1.000 x 107° 1 1.000 x 107° 108x 107 0.9919

AC 0.000 1 0.000 00 1.0000

BC 0.16 1 0.16 17.73 0.0040

A? 0.47 1 0.47 51.96 0.0002

B 0.14 1 15.75 0.0054

c? 0.73 1 3 80.63 < 0.0001

Residual 0.063 7 .

Lack of fit 0.050 0.01 5.21 0.0724 Not significant
Pure error 0.013 220 x 1072

Cor total 7.69 16

Std. dev. 0.095 R-square 0.9918

Mean 1.28 Adj-R squared 0.9812

C.V./% 7.42 Pred R-squared 0.8927

Press 0.82 Adeq precision 34.993

Surface roughnesg’="2. 14A — .022B 4+ 2.72C
+5.00x 1077 AB —7.70 x 10""7AC
100 x 107°BC + 8.34 x 107*A?
7.35 x 107 B> — 0.42C?

(6)

stexmaination coefficient (Rz) was used to check the
ass of fit of the model. The coefficient of determi-
nation jvalue (0.9918) was calculated for response. This
indicates that 99.18% of experimental data certify the
rapport with the data predicted by the model. The R? value
is always between O and 1, and its value illustrates cor-
rectness of the model. Coefficient of determination value
(0.9918) should be close to 1.0 for a good statistical model.
The adjusted R? value regenerates the phrases with the

significant terms. Adj R* (0.9812) is also high to proponent
for a high significance of the model. The Pred R? (0.8927)
suggests that the model could explain 95% of the
changeability in anticipating new observations. Low value
of coefficient of variation (7.42) expresses that deviations
between experimental values and predicted values are low.
Signal to noise ratio measures by Adeq precision. Adeq
precision greater than 4 is desirable. In this study, Adeq
precision value is 34.993, which reveals adequate signal.
Figure 11 displays the interaction between the predicted
values and experimental values for surface roughness of
A356/5%SiC metal matrix composite under roller burnish-
ing with carbide rollers [28]. The points should be randomly
dispersed along the 45° line. Majority of points below or
above the line show areas of over or under prediction. The

@ Springer



312 S. P. Dwivedi et al.
3.00 F 3.00 — = >
Color points by value of Caolor points by value of
surface roughness: surface roughness:
250 F 27 2 200f |2-? -
I0 { 3 0.1 = =
2.00 b 8 o0f m
3 3 = = 8
8 2 -
5 150 F g 000
o = =
£ =] =
w
1.00 F = ~1.00 | =
g = =
E 2 200k
(.50 2 2.00 =
000 F -3.00
0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 L.00 1.50
Actual edicted
Fig. 11 Correlation between the predicted and actual values Fig. 13 Residuals versus C
Color points by value of
99 | surface roughness:
2.7 =
o | > E
g a0 | 01 - g
= = =
=' RO
= 70k =™ 3
o ey
o E =
-3 50 + | L
= =
= 30t d g
E 0} & 100
£ =
3 1o &
5 300k
= 2.00
1k
-3.00
z : o i : 1 3 5 7 9 11 13 15 17
—3.00 -2.00 —1.00 (.00 ] Xl
o i Lo ol Run number

Internally studentized residygis

Fig. 12 The normal probability of residual

normal probabilities of residua
After developing the regragsion

the model adequacy i @
authenticate that t

¢ assumption of regression
igure 12 represents the nor-

o investigate for constant error. Residuals versus
alues should be distributed at irregular intervals.
In a linear regression investigation it is expected that the
scattering of residuals is in the population (total number of
testing data). Here is a plot of the residuals versus predicted.

Figure 14 displays the correlation between the residuals
and experimental runs. Residuals versus runs should be
random scatter and no trends.

@ Springer

Fig. 14 Residuals versus run

3.5 Analysis of desirability

3D graphs between desirability, burnishing speed, bur-
nishing force and number of passes are shown in Fig. 15.
The basic idea of the desirability function approach is to
transform a multiple response problem into a single
response problem by means of mathematical transforma-
tions. Desirabilities range from 0 to 1 for given response.
The program combines the individual desirabilities into a
single number and then searches for the greatest overall
desirability. Value 1 represents the ideal case. Value 0
indicates that one or more responses fall outside desirable
limits. RSM (Box-Behnken design) and desirability func-
tion analysis have been demonstrated to be efficient to
optimize burnishing process parameters (burnishing speed,
burnishing force and number of passes) for surface
roughness of A356/5%SiC under roller burnishing with
WC roller. Single response optimization determines how
input parameters affect desirability of individual response.
The numerical optimization finds a point that maximizes
the desirability function.
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= .868

Desirabilit;

Fig. 15 3D relation between desirability, burnishi
number of passes = 2.05, b desirability = 1.0

when burnishing speed, burni
passes are 1.28 m/s, 61.30 N a

values of parameters to obtain
ss (0.086 pm) for different roller

ing burnishing process parameters
roughness

as a surface smoothing and surface enhancement finishing
treatment after some machining processes to generate a
compact and wear-resistant surface for longer and efficient
component life [29]. In this study, the surface roughness of
A356/5%SiC metal matrix composite under roller bur-
nishing with WC oller was established, in which roller

Desirabilit

ing force and number of passes with desirability one. a desirability = 1.00,
orce = 61.30 N, ¢ desirability = 1.00, burnishing speed = 1.28 m/s

burnishing speed, roller burnishing force and numbers of
passes are taken into consideration. The mathematical
models, in terms of roller burnishing process parameters,
were developed for surface roughness prediction using
RSM on the basis of experimental results. The significance
of these parameters on surface roughness of A356/5%SiC
had been established by ANOVA.

3.6.1 Effect of burnishing speed on surface roughness

The outcomes of the roller burnishing speed with respect to
surface roughness are shown in Figs. 17 and 18, respec-
tively. It can be noticed that surface roughness decreases
with the increase in roller burnishing speed. There are
variations in the surface roughness, when the roller bur-
nishing speed varies. Higher roller burnishing speed
(1.5 m/s) increases the surface temperature of workpiece.
Metallic bond of metal matrix composite materials
becomes soft due to increased surface temperature of

@ Springer



314

S. P. Dwivedi et al.

0.83

1.50

Burnishing speed=1.28 m/s

0.1

2y

I

50.00

150.00

Burnishing force=61.30 N

Desirability=1.000

]
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Fig. 16 Ramp function graph for minimum surface roughness with desirability 1
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Fig. 18 Interaction effect of surface roughness, burnishing speed and number of passes a 3D interaction b the contour plot
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Fig. 19 Interaction effect of surface roughness, burnishing force and number of passes a 3D 4

Table 9 Confirmation result

Response Surface roughness
Prediction /um 1.232

SD 0.095

SE(n=1) 0.104

95% PI low 0.9859

95%PI high 1.4781 A
workpiece, and resistance offered by me trix com-

posite material against roller burnishing toel b es low.

3.6.2 Effect of burnishing force on ace rgughness

The effect of variation in bu
150 N) on the surface roughnes
5%SiC metal matrix ce ite 1\

o force (from 50 N to

increasing the burnishing force as
speed. By increasing the burnish-
e roughness is increased. The increase

3.6.3 Effect of number of passes on surface roughness

The surface roughness, roller burnishing speed, roller
burnishing force and number of passes are plotted in
Figs. 18 and 19 for variable roller burnishing process
parameters. It is observed that surface roughness at lower

contour plot

is lesser, whereas at higher number of
1t means that, with an increase number
drface roughness increases. It can be
increase in the number of passes value
iction between WC roller and silicon carbide
iCp,) of A356/5%SiC composite during roller
rnishing increases. This increased friction between roller

A356/5%SiC metal matrix composites.
3.7 Confirmation experiment

By evaluating the surface roughness of A356/5%SiC metal
matrix composites under roller burnishing with WC roller,
the average feasible predicted surface roughness is found to
be 1.232 um, as exhibited in Table 9. Importance of pro-
cess parameters can be ranked from their F' values which
are indicated in Table 8. From Table 8, it can be concluded
that number of passes of WC roller is contributing more
and it is followed by roller burnishing speed and roller
burnishing force. The experimental surface roughness
(average of three test samples) corresponding to these
parameters (burnishing speed of 1.5 m/s, burnishing force
of 50 N and number of passes of 2) is found to be 1.17 pm.
This shows that there is approximately 5.032% error
between the experimental and modeled results. Hence, the
developed model can be effectively used in the process
parameter range to predict the surface roughness.

4 Conclusions

The following conclusions can be drawn from above
analysis:
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(ii)

SEM micrographs of the surfaces of A356/5%SiC
metal matrix composites generated under conditions
in roller burnishing with WC roller show much
smooth surface as compared to surface generated
under condition in turning with PCD (insert-10) tool.
Average surface roughness of machined A356/
5%SiC composites with PCD (insert-10) tool is
observed 3.732 pm, while the average surface
roughness of roller burnished samples with WC
roller is observed 1.232 pm (predicted). Reduced
surface roughness of A356/5%SiC metal matrix
composite under roller burnishing is 66.98%. Aver-
age tensile strength of machined A356/5%SiC
composite with PCD (insert-10) tool is 300.2 MPa.
While after the roller burnishing with WC rollers, it
is 305.80 MPa. Tensile strength has improved by
1.81%. The average value of percentage elongation
(ductility) of machined A356/5%SiC composites
with PCD (insert-10) tool is 5.84. On the other hand
average percentage of elongation of composite under
roller burnishing was found to be 6.83. Improved
ductility of A356/5%SiC metal matrix composite
under roller burnishing is found 14.49%. From the
results, average hardness of machined A356/5%SiC
composite with PCD (insert-10) tool is 83.38 BH,
after the roller burnishing with WC roller 6.13%
hardness improves. Within the chosen rolier, bur-
nishing process parameters range, highc
burnishing speed (1.5 m/s), lower rollér burnis ng
force (50 N), and lower number of P hes (2)-/are
preferred for good surface finigtnof A58 ¥5%SiC
metal matrix composite under foller burnishing with
WC roller.
Within the roller burnishing proce ameters range,
surface roughness of AL W§%SiC decreases. By
increasing the roller burnishixg speed while increasing
the roller burnishing® ‘rce aing number of passes from
minimum to maz, Bui s, the surface roughness of
A356/5%Si compe_¥eincreases. Based on ANOVA,
roller byfni ¥ng specd, roller burnishing force, and
numbar of pass_ Ware found to be suitable for surface
roychness with fegression p-value less than 0.05 and
lack ¥&fitmPre than 0.05. Within the roller burnishing
jocess. rameters range, it is found that the param-
¢ maphich affect the surface roughness in descending
arder are as follows: number of passes, roller burnish-
1:g speed and roller burnishing force. The minimum
value of surface roughness with desirability 1 is
obtained to be 0.086 um at roller burnishing speed of
1.28 m/s, burnishing force of 61.30 N and number of
passes of 2.06. An empirical relationship has been
developed to predict the surface roughness incorporat-

]
voner

@ Springer

ing roller burnishing process parameters at 95%
confidence level. The predicted value for surface
roughness is found 1.232 um. There is only 5.032%
error in the experimental and modeled results.
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