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Article Information Abstract
Original Research Paper Due to the needs of different industries to produce high precision dimensional products and desirable surface
Received: 3 August 2020 properties and the highest effect of final surface quality on product performance, selection of effective and

First Decision: 22 September 2020

Accepted: 3 December 2020 suitable polishing processes for production of quality products is important. Among different methods of

polishing, the burnishing process due to low cost, the possibility of installation on different machines and the
polishing without chip has been consideration. Therefore, in this study, due to the widespread application of

gjmgrgassiiron ductile cast iron in various industries, after preparing the samples of ductile cast iron, making the roller

Roller burnishing burnishing tools and mounting it on the lathe machine, experiments were carried out in accordance to

Surface roughness experimental design table and the effect of burnishing force, feed rate and number of passes, on

Micro hardness microhardness and surface roughness of samples were evaluated. For statistical analysis, the results of minitab

Surface response methodology software and response surface methodology (RSM) were used and the statistical analysis performed with the
confidence level of 95%, the most effective parameters and their desirable values to increase the
microhardness and quality of samples were introduced. The results showed that the effect of the burnishing
force, had the greatest impact on the microhardness and roughness of samples and the optimization of samples
by (RSM), optimum value for surface roughness and microhardness of specimens, respectively, 0.562 pm and
203.20 Vickers were obtained in comparison with the values for the initial sample, the surface roughness of
samples about 58% reduction and microhardness of samples were increased about 12%.
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Table 1 Chemical composition of the workpiece in percentage

w Cr \% Cu Mo Ni AL
0/006 005 0/005 004 0006 004 0013
Co Sn Si Mn P S C
0/006 0/018  2/70 055  0/013  0/01 4/60

Ti Zr Sh Pb Fe Nb As

0/005  Trace None None Base None  0/002
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Fig. 2 Schematic of the roller burnishing tool
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Fig. 3 Roller burnishing operation
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Table 2 Selected process parameters and their levels
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Table 3 ANOVA results for surface roughness

Degrees of Adjusted sum Adjusted mean

Source  “goodom  of squares  of squares Fvalue  P-value
model 9 0/0161 0/0179 2825  0/000
Linear 3 0/0021 0/0373  58/82  0/000
Xy 1 0/0667 0/0667  105/04 0/000
Xz 1 0/0210 0/0210  33/17  0/000
Xs 1 0/0243 0/0243 3824  0/000
Square 3 0/0372 0/0124 19/52  0/00
X, 1 0/0014 0/0014 2127 0163
X2 1 0/0005 0/0005 0/86 01376
Xs? 1 0/0173 0/0173 27/36  0/000
Interaction 3 0/0029 0/0009 1/54  0/265
Xi* X, 1 0/0001 0/0001 110 0/754
X1* X3 1 0/0016 0/0016 2/59  0/139
Xo* X3 1 0/0012 0/0012 192  0/196
1.0 Variable
—_@— surface Roughness (um)

- g = FITS1

o
©

Surface Roughness (um)
o
[oe]

0.6

2 4 6 8 10 12 14 16 18 20
Experimental Order
Fig. 4 Comparison of RSM and experimental values of surface
roughness

ghe 625 Sl 275 5 Gl o bg) polie anslio 4 JSo

gl 625 lp Gl o 5 (228 gy Olee s Jlaie 4 Jgu
Table 4 The value of error between experimental and RSM method for
surface roughness

NO X1 Xz X3 SR RSM Error
(N) (mm/rev)  (RPM) (pm) (Hm) (%)

8 450 011 355 0/682 0649  -4/83
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Fig. 5 Main effect of the process parameters on the surface roughness
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Fig. 6 Interaction effect of burnishing force and feed on the surface
roughness (revolution speed 500 rev/min)
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Table 5 ANOVA results for microhardness
Adjusted sum Adjusted mean

Source Dfiggzzsn?f of of F-value P-value
squares squares
model 9 385/651 42/850 129/89 0/000
Linear 3 337/864  112/621 365/87 0/000
X 1 326/339  326/339 989/25 0/000
X; 1 3/268 3/268 9/91 0/079
Xs 1 81257 8/257  25/03 0/000
Square 3 10/423 31474 10/53 0/002
Xi? 1 0/142 01142 0/43 01527
X5 1 4455 4/455  13/50 0/004
X3 1 0/566 0/566 172 01219
Interaction 3 171247 5/749  17/43 0/000
Xi* X, 1 0/500 0/500 1/52 0/246
X1* X 1 41691 4/491  14/22 0/004
Xo* X3 1 12/056 12/056  36/54 0/000
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Fig. 7 Interaction effect of burnishing force and revolution speed on the
surface roughness (feed 0.08 mm/rev)
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Fig. 8 Interaction effect of feed and revolution speed on the surface
roughness (burnishing force 350 N)
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Table 6 The value of error between experimental and RSM method for
microhardness

NO X1 Xz X3 RSM Error

N mmreyy RPNV Y (%)

17 350 011 500 197 196/25 -0/38
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Fig. 11 Interaction effect of feed and burnishing force on the
microhardness (revolution speed 500 rev/min)
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Fig. 12 Interaction effect of revolution speed and burnishing force on
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Fig. 13 Interaction effect of feed and revolution speed on the
microhardness (burnishing force 350 N)
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Fig. 15 Optical microscopic image of the initial surface
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Fig. 16 Optical microscopic image of the Burnished surface, burnishing
force 250 (N)
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