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Abstract: - Statistical methods, such as experiments design and regression analysis, performed with special
software, do represent successful means to be used in studying important aspects of real machining processes.
This article points out the most relevant aspects of research carried out in order to determine new models of
process functions specific to exterior cylindrical turning process parameters. The material studied was thermal
sprayed S12Mn2Si, a Romanian produced one, with wide application in industry. “Steps” developed in this
research could be considered “guidance lines”, whenever process parameters relationships are worth to be

determined.
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1 Introduction
It was in 1910 when Max Ubrich Schoop invented
the metallizing process. Due to its importance in
repairing worn parts and corrosion protection, the
process has been imported to the USA (in 1920) and
since then, it has known a continuous extend.
Metallizing, or thermal spraying, is defined as
the process where pure or alloyed metal is melted in
a flame and atomized, by a blast of compressed air
into fine spray [2], [6]. A schematic representation
of the process (for cylindrical part metallizing) is
shown in figure 1.
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Fig. 1 Schematic representation of the metallizing
process - for cylindrical part -
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For good adherence of sprayed coating onto the
part surface, this has to be carefully, previously
prepared. Examples of how “it is done” for exterior
cylindrical parts, by mechanical machining, are
presented in figure 2.

Observation:

Research presented by this article is on exterior
cylindrical turning process so, consequently, the
samples were cylindrical ones, with thermal sprayed
coating adhering on their exterior surface.
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- coating to be metallized on shaft end -
(the case of studied samples)

Fig. 2 Examples of prepared surfaces for metallizing
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Fig. 3 Thermal sprayed coating structure [6]

Because of the fact that molten metal is “sprayed”
by a large amount of air, the part being metallized
does not heat up too much. Still, due to the high
temperature and velocity of the metal drops, when
impacting the previously prepared surface they do
flatten and adhere to one another, forming a
multilayer structure — see figure 3.

Researches on the phenomena developing while
melting and spraying the material, as well as on the
impact of metal droplets with the “target” surface
are of great importance. Also, new materials suited
for thermal spraying and, implicitly, new modern,
efficient equipments are developing by producers
specialized in thermal spraying processes.

Sources used for generating the energy and heat
required can be either: combustion (a combination
of hydro-carbides and oxygen) or, electric power
(electric arc, plasma discharge). As for material’s
initial state, there are two possibilities, meaning:
powder form or, wire form.

What material type and, consequently, what
energy source to be used, does represent an option
depending on the metallised coating required
characteristics and on the available equipment.

Even used for corrosion or, specially, for wear
protection, the obtained thermal sprayed coatings do
need further “preparation” by machining,
polishing or brushing This is required in order to
obtain the prescribed geometrical precision,
meaning: dimensions, shape and relative position, as
well as roughness of the metallized surfaces.

There are many procedures of machining thermal
sprayed coatings, the most frequently used being
turning and grinding. Whatever the procedure is,
there is always the need for a correct set of
machining parameters values, so that optimum
machinability and quality conditions (ex.: cutting
tool wear, optimum cutting speed, surface
roughness) to be ensured.
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Specific references studied by the author present
recommendations for machining parameters values,
when certain materials (usually made by thermal
spraying equipments producers) and procedures are
involved [1], [2]. Unfortunately, these data are poor
quantitative ones and, seldom refer to Romanian
produced metallizing steels — that are really of great
interest for Romanian industry.

Determining regression models of process
parameters interdependence in turning thermal
sprayed coating, has been considered fit, thus it
should be possible to ensure optimum machinability
and quality characteristics for these multilayer
structures [3]. The studied metallized material was
S12Mn2Si, a Romanian made special steel, widely
used in (reconditioning) industry for wear protection
of parts.

Further more, the “steps” developed in this
research could be considered “guidance lines”,
whenever process parameters relationships are
worth to be determined.

2 Applied Theoretic Method

The research presented by this article is focused on
determining new, relevant regression models of
process parameters interdependence relations in
cylindrical exterior turning. [3], [4].

It is considered that a process “developing”
within a certain technological system, can be
defined by the interdependence relation (1):

Y = F(zl,zz,..., Zj,ens zn) (1)
called process function, where:
zi,j=1,2, ..., k represents the independent

process variables (controllable inputs);
Y — the dependent process variable (output);
I" - the type of dependence relationship.

So, the variables studied are the ones that follow.

a. Independent variables (controllable inputs), z;:
- cutting speed, v [m/min];
- cutting feed, af [mm/rot];
- cutting depth, f [mm)];
- cutting tool wear, VB [mm];
- cutting tool nose radius, r [mm]
There are, also, uncontrollable (noise) inputs, like:
- Vickers micro-toughness, HV( 5 = 290,
for the studied metallised coating;
- vibrations of the technological system, at
constant speed exterior cylindrical semi-finishing
turning, on SN type lathe.

As constant inputs, there can be mentioned the
environment characteristics (temperature, humidity,
etc).
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Fig. 4 Definition of the VB parameter
— for cutting tool wear, U.

b. Dependent variables, Y, as mentioned above,
are both,
bl. machinability related variables, like:
- cutting tool wear, U [mm] — evaluated by
the VB parameter — see figure 4;
- cutting tool durability, T [min];
- optimum cutting speed, v, [mm]

and
b2. quality related variable, meaning:
- surface roughness, R, [um].

c. As for the type of dependence relationship —
they are polynomial and exponential type ones.

In order to determine regression models for
machinability related outputs, first there had to be
determined the dependence relation of cutting tool
wear, U, on machining time, t — see relation (2).

U=a+b-t+c-t>+d-t’ @)

Then, considering a certain wear criterion
(VB = 0.28 mm - for the studied turning process
type), interdependence relations as (3) had to be
obtained.

T=Avhapfh (3)

Further, it was considered useful to determine
the dependence relation of cutting tool durability, T,
on all four independent variable specific to the
process — see (4)

T =Ayvhalkf™ . .vB™ 4)

Once the most important two inputs influencing
the output being evidenced, another kind of
interdependence relation has been obtained,
meaning a polynomial one (5)

T=a,+a,-a,+a,-VB+a, -a, VB +

6)

+a,-a; +a,, VB’

When the number of independent variables
studied was ‘“equalling” three, the experiment
design considered was conventionally called P 1.2,
when it was four, the design was called P 2.1 and
when it was two (the most significant ones), it was a
central composite design (CCD) — see table 1.
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Table 1
Experiment Designs
E’ Run X1 Xo X3
Ea 1 +1 -1 -1
6 —
2 -1 +1 -1
s &
— -1 -1 +1
-
S %0 4 +1 +1 +1
S&[ s 0
8 A
= 6 0
Run X1 X; X3 X4
1 -1 -1 -1 -1
g 2 +1 -1 -1 +1
on
'z 3 -1 +1 -1 +1
- 4 +1 1 -1 1
<
s 5 -1 -1 +1 +1
o —
=
g 6 +1 -1 +1 -1
&
= 7 -1 +1 +1 -1
g 8 +1 +1 +1 +1
=
§ 9 0 0 0 0
£2 10 0 0 0
11 0 0 0
12 0 0 0
Run X1 X; X3 X4 Xs
1 -1 -1 -1 -1 -1
2 +1 -1 -1 -1 +1
3 -1 +1 -1 -1 +1
4 +1 +1 -1 -1 -1
5 -1 -1 +1 -1 +1
.§° 6 +1 -1 +1 -1 -1
@ 7 -1 +1 +1 -1 -1
8 P 1 | 11 N |
[a~]
5= 9 -1 -1 -1 +1 +1
k3] 10 +1 -1 -1 +1 -1
s &
= 11 -1 +1 -1 +1 -1
% 12 +1 +1 -1 +1 +1
8 13 -1 -1 +1 +1 -1
<
E 14 +1 -1 +1 +1 +1
15 -1 +1 +1 +1 +1
16 +1 +1 +1 +1 -1
17 0 0 0 0 0
18 0 0 0 0
19 0 0 0 0
20 0 0 0 0
Run X1 X2
o 1. -1 -1
on
‘7 2. -1 +1
()
A 3. +1 -1
£ 4 +1 +1
e —
20 5. 0 0
g S 6 0 0
S )
= 7. -1 0
E
s 8. +1 0
o 9. 0 -1
10. 0 +1
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In order to determine regression models for
quality related output, first there was determined
interdependence relation as (6), for VB = 0:

R,=A, VY -af - f%. Al (6)

while, the experimental design type was P2.1.

Another model considered fitted for surface
roughness variable, is the one considering the fifth
independent variable, meaning the VB wear
parameter of the cutting tool — see (7).

R, =Av"ai % ALAP (7)

Determining this relationship involved an
experimental design of P3 type (see table 1).

As for the polynomial type model, due to license
rights limitation, there were considered only two
variables (most significant two ones, for the studied
output) — see relations (8) and (9).

The experiments design was, also, a CCD one.

R,=a,+a,-r+a,-a; +a, -r-a; + ()

+a, -r’+a, -a;

R,=a,+a,-VB+a,-a, +a, -VB-a,; + ©)
+a,-VB*+a, -a;
Observation:
The number of replicates, for each experience in
P type experiments design (P 1.2, P 2.1, P 3)
equaled three, while in CCD design, it equaled five.

As for the software used in regression analysis
they were the ones that follow:
— CurveExpert 1.3 — for third order polynomial
function, U (t);
— REGS —for P 1.2, P 2.1 and P3 experiment
designs [8];
— DOE KISS -for CCD design [5].

3 Experiments and Results

Research involved a Romanian made steel, for
thermal spraying, S12Mn2Si. Its chemical structure
and most important mechanical properties are
presented in table 2.

The metallizing process was an electric arc one,
with specific parameters values evidenced in table 3
Its schematic representation, as well as an image
taken while performing the process, are shown in
figure 5.

Metallographic  structure of the metallized
coating, sprayed on exterior cylindrical surface of
OLC 45 (STAS 880-80) material sample, can be
noticed in figure 6.
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Table 2
Chemical structure and mechanical properties
. . Wire
Material Ozt HV Boreiib) Diameter
Structure [% vol ]
.05 [mm]
max 0,12 % C
S (1,8+22)0 1,6°
siamnzsi | (b e )% g0 | 7.8 | Ok
max 0,15 % Si
Table 3
Electric arc metallizing process parameters
U [V] I [A] h [mm] p. [bar]
26 170 180 5,0
U — electric arc voltage;  h — spraying distance
I - current intensity; p, - pressure of compressed air

coating
cross-section

Spray
stream

o electric arc
wire guide
wire

atomizing air

- process schematic representation [7] -

- process image -

Fig. 5 Electric arc metallizing process

Fig. 6 Metallographic structure of the
S12Mn2Si metallized coating
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Table 4
Independent variables values
-1 23
o 0 36 36
[m/min] x| 57
. 0z 020 | & | 020
f 2]
0 A~ 0.25 Q 0.257
m/rot ) =
(mm/rot} | = of & 0315 o [0315
=201 ~%[025 |0
f § = O —
(] 2l 0] 831035 | & | 0375
S+ €% 050 | #
] 5 o z
VB I - JE 0
(] 0 | = 0.14 | Z 0.14
+1 | & 0.28 o 0.28
-1 0.40 0.40
Emm] 0 0.80 0.80
+1 1.20 1.20
In order to carry out experiments, there were

considered, both, limited variation domains and
certain well defined values of the independent
variables studied, as shown in table 4. All of these
do represent the results of a lot of preliminary
experimenting work.

The turning procedure fitted for the studied
material, was exterior cylindrical semi-finishing
turning and the cutting tool used was conventionally
called K20 (based on its mechanic and geometric
characteristics).

A. So, experiments done in order to determine
regression models for machinability related outputs,
“started” with the first set (P 1.2 design), aimed to
determine the cutting tool wear, U, dependence on
machining time, t.

An image taken while turning the sample is
shown in figure 7, while the VB wear of cutting tool
is evidenced by figure 8.

For each experience, the process was on and,
from time to time (usually every 2 minutes), it
stopped and measurements of the tool wear were
performed.

Fig. 7 Turning experiments — for
machinability related outputs
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Fig. 8 Cutting tool VB wear

An example of the obtained results is presented
in table 5 and, consequently, the plotted graphs are
shown in figure 9. The adequate regression models
(obtained with CurveExpert 1.3 software) are also
mentioned.

Table 5
Examples of VB wear experimental results
Experience number ( P 1.2 design)
2 5

t [min] VB [mm] | t[min] VB [mm]
0 0 0 0
1 0,035 1 0,042
3 0,049 3 0,066
5 0,087 5 0,109
7 0,125 7 0,124
9 0,137 9 0,147
11 0,154 11 0,169
13 0,166 13 0,179
15 0,172 15 0,186
17 0,181 17 0,208
19 0,188 19 0,234
21 0,193 21 0,248
23 0,227 23 0,273
25 0,238 25 0,301
27 0,255
29 0,263
31 0,299

0.33

0.27

é’ﬂ.lﬁ
=

011+

0.05

.00

t + + +
0.0 57 114 17.0 227
tenire)

U=3.5-10"+22-107-t-10" -t* +1.9-107 -t

Fig. 9 Examples of cutting tool wear curves
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Fig. 9 Examples of cutting tool wear curves
- continued -

Table 6
Experiments Results — for REGS

Cutting tool durability, T [min]

Exp.
no.

1 2 3 4 5 6

P12
design

25.410
29.670
28.550
15.150
23.530
24.080

Once determined the U (t) dependence relations,

for the VB = 0.28 mm durability criterion
(established based on specific references and
author’s experience — for the semi-finishing turning
process studied) it has been possible (due to
software characteristics) to determine the values of
output variable, T (cutting tool durability), for each
experience — see table 6.

B. Experiments done in order to determine
regression models for quality related outputs,
referred first to P 2.1 design. They were aimed to
determine the surface roughness, R,, parameter
values dependence on process specific parameters
(v, ag, f, r). The obtained experimental results are
shown in table 7. An image taken while turning the
samples is presented in figure 10.

Table 7
Experiments Results — for REGS
Surface roughness, R, [um]
Exe- 1y o [ 3 4| 5|6
no.
S S < O \O o
< N < o N ©
P2.1 <t S ) ) a )
design | Exp- | 5 1 g | 9 | 10| 11 | 12
no.
[l \O 0 on <t S
(o)} (o) N on <t on
o~ < < < < <
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Fig 10 Turning sample in surface roughness
experiments

Fig. 11 Surface roughness values measurements

On the sample, there can be noticed the “rings”
(corresponding to each experience of the
experiments design program), each about 2 cm
width, for R, roughness measurements. The
measurements were taken with a portable
instrument, Rugomas, as evidenced by figure 11.

4. Regression Models
A. The regression models related to machinability
outputs, of exponential type, have been determined
with REGS software.

So, the first obtained dependence relation of
cutting tool durability, T, and optimum cutting

speed, v, , on turning process specific parameters

(v, ag, f) are presented below — see relations (10)
and (11).

-0,527

3,587 ,-0,434 ~0,401
T=e".v"".a; o

(10)

(11

8,265 T 2304 g-1214 £ -0.924

VTO =€ 'af

Observation:

The relation (10) model was determined based on
experimental results shown in table 6.

Relation (11) was obtained by “extracting” the v
variable from relation (10)
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Further experiments were done (as P 2.1 design),
in order to determine regression model of fourth
independent variable, VB. The results of REGS
regression analysis are presented by relations (12)
and (13).

T = %050 0,440 -a;°’525 L 0406 B2 (1)

11,477 -2,273 -1,193 -0,923 2,555
TR ML 09 yB

v, =e (13)

Some plotted graphs for the above presented
regression models are shown in figure 12.

f=0.375 mm

T [min]

215 20
30

16.5

0y [m/min]

G0

ag [mm/rot] 02

- graph of cutting tool durability dependence on both
cutting feed and cutting speed -

- relation (10) -
—— v =23 m/min - ** *v=>57 m/min
= = v =40 m/min
30
#
-~
20 o
E)
)
= ag=0.257 [mm/rot]
10 I
f=0.375 mm
0
0 0.1 n2 0.3

VB [mm]

- graph of cutting tool durability dependence on
cutting tool wear -
- relation (12) -

Fig. 12 Graphical representations of T models —
to be continued
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f=0.375 mm
2
_m v =40 m/min
= 10
&
o
02
VB [mm]

a¢ [mm/rot] 03

- graph of cutting tool durability dependence on both
cutting feed and cutting tool wear -
- relation (12) -

Fig. 12 Graphical representations of T models

Table 8
g; Coefficients Values
Relation (10) Relation (12)
2
_ Vmax
=17 0.674 0.671
a
afmax
9 =173 0.787 0.788
f min
a3
_ fmax
4 = T 0.757 0.755
min
ay
_ VBmax
Qe VB, - 3.181

There have been “computed’ the g; coefficients -
for evidencing how strong the influence of each
independent, on the output, really is- see table 8.

Studying relation (12) and the q; coefficients
values, one can notice that the two most important
factors influencing cutting tool durability are the VB
wear and the cutting feed a¢. So, a detailed study on
their influence has been considered appropriate —
and it was done with DOE KISS software. It was
determined a polynomial type model and, as
mentioned above, due to license rights limitation,
there were considered only two variables (the most
significant two ones, for the studied output), each
with three variation levels.

In order to do the new set of experiments, the
values of the independent variables v and f were set
to their medium (see table 4), while independent
variables ar and VB were varied according to the
CCD of experiments. The obtained experimental
results, are presented in table 9.
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Table 9
Experiments Results — for DOE KISS

Cutting tool durability, T [min]
Expd o 3] 4] s |6
no.
ol ol ol o
IS8 |8|3 |2
5 Sl S| w| 2|z
© Exp.
7 8 9 10
no.
S| 8| el
N < ) ®
Sl S| v =

DOE KISS software regression analysis results
are presented in figure 13.

There should be mentioned the aspects that
follow:

— a factor is considered to have significant
influence on the output as long as the P (2 Tail)
value is less. or equal, to 0,05;

— when using the software, the initial results do
consider the coded values (X j) for the variables
studied

— the relationship of real and coded variables
values (ar , VB and, respectively, X,, X,) is
presented by relation (14).

Mihaiela lliescu

B af—0-257_x VB -0.14
= -—, 2:—

X
! 0.115 0.14

So, the dependence relation of cutting tool
durability on coded variables studied (Xl , Xz) is:

Y =11.555-1.41667 - X, +6.20867 - X, —
—0.74500- X, - X, +0.23915-x; +
+0.20314- x2

(14)

(15)

and, when expressed as function of real, natural
variables, it “turns” into:

T =13.333-48.842-a, +65.148-VB -
~92.547-a, -VB+72.287-a; +

+10.663-VB*

The DOE KISS software also “enables” the plot
of Pareto chart of coefficients thus, being stressed
out the factors that do highly influence the output
variable values — see figure 14.

It can also be plotted the marginal means plot so
that to strengthen which of the two independent
variables considered do higher influence the output
—as in figure 15.

(16)

| Multiple Regression Analysis
}
il
i
Z ¥-hat Model

2
3 Factor Hame Coeff | P2 Tail)| Tal 2 | |Factor Name Low High Exper
1 Canst 11,665 | 0,0000
0 A af -1, AEET | 0,0000 1 X, A af 02 | 0,315 | 0,2575
1 B ) 620867 | 0,0000 (0,998 X B WE 0 025 0.1
z AR -0,74500 | 0,0000 1 X
2 LYY 0,23915 | 00008 0862 X Prediction
4 BE 020314 | 0,0033 (0,963 | X
5 | ¥-hat 11.5554255
6 | Rsq 089952 S-hat 0,16809877T
7| AdiRsq 0,9930
2| StdEror | 02204 99% Prediction Interval
9 | F 4204, 1509
0| sigF 00,0000 Lewer Bound | 11,0725224
1 Upper Bound | 120383286
2 Source 55 off [ B
3 |Regression| 1189,0 a5 2378
4 Error 2.1 53 0,0
5 Tatal 1191,1 ag

Fig. 13 DOE KISS software - regression analysis results
- cutting tool durability model -
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Absolute Coefficient

ks

VB af AB
Effect Name

Fig. 14 DOE KISS software - Pareto chart of
coefficients — for T model

12 \_\
——if

02 02575 1315 i 014 08
Effect Levels

Fig. 15 DOE KISS software - Marginal
means plot — for T model

Examples of graphs plotted (with Maple
software) for better evidencing the influence of
independent variables studied on cutting tool
durability are shown in figure 16.

——VB=0mm =—-VB=0.14mm

-+ -VB=0.28 mm

25

20 A :

15 -
Lan | —
£ i S o 3
E 10 L=
H

-

ag [mm/rot]

0
0.20 022 024 026 028 030 032

- graph of cutting tool durability dependence on
cutting feed - relation (16) -

Fig. 16 Graphical representations of T model —
to be continued
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——a=02mm *=-+a=0315mm
— ~a=0.257 mm

25

I I //'
: st

A

15 -
I %‘:{"'
P P S
/4 =
re

i

T [min]

L} 01 0.2 0.3 VB [mm]
- graph of cutting tool durability dependence on
cutting tool wear - relation (16) -

il
AR
RN

]

o
A
AT AT

T [min]

02" % ap [mm/rot]
VB [mm] 0.0

- graph of cutting tool durability dependence on both
cutting tool wear and cutting feed - relation (16) -

Fig. 16 Graphical representations of T model

B. The exponential type regression models, related
to quality outputs, have been determined with REGS
software.

First, based on experimental results, presented in
table 7, there were determined regression models of
surface roughness, R,. The independent variables
considered were the ones specific to turning process,
meaning: v (cutting speed); ar (cutting feed);
f cutting depth and r (cutting tool nose radius) — see,
also, table 4.

The obtained regress model is the next one:

R — e2,960 'V0’313 . af1,090 X f 0,307 (0,379)r (17)

a
and a relevant plotted graph is shown in figure 17.

Based on data mentioned by references, as well
as on author’s experience, it has been considered fit
to determine dependence relation of surface
roughness on another cutting tool specific element,
meaning on cutting tool wear (the VB parameter).
So, further experiments were done (according to P 3
experiments design) and the obtained results were
“analyzed” so that the regression analysis
“estimated’ in model that follows:

R 3,023 _V0,276 . af 1,054 . f0,285 . (07391)r .

-(3,108)"®

a:e

(18)
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“ f=0.375 mm
g e v =40 m/min
o 6.4
= 18 I 2r [mm]
as [mm/rot] 92 2

- graph of surface roughness dependence on both cutting
feed and cutting tool nose radius - relation (17) -

f=0.375 mm
v =40 m/min

VB =0.14 mm

R, [um]

- graph of surface roughness dependence on both cutting
feed and cutting tool nose radius - relation (18) -

ar = 0.257 mm/rot

f=0.375 mm
v =40 m/min
g
=
o 04
06
r [mm]

0.3 -

- graph of surface roughness dependence on both cutting
tool wear and nose radius - relation (18) -

Fig. 17 Graphical representations of R, models

For these models, using Maple software, there
have been plotted some graphs, evidencing the way
independent variables studied do influence the
outputs variable of interest — see figure 17.

The q; coefficients pointing out (quantitative),
how strong the influence of each independent, on
the output, really is, have also been calculated — see
table 10.
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Table 10
g; Coefficients Values
Relation (17) | Relation (18)
g
vmax
a, =( 1.329 1.285
Vmin
2
af
q, = | —m 1.641 1.614
af min
oo |
q, = 1.237 1218
fmin
Inax —Fmi
q, = (A, ) 0.460 0.472
VBmax_VBrr
te = (A,) : 1374

Due to the fact that, at least theoretically, when
starting the turning process, the cutting tool is a new

one (VB =0), some “special” attention has been

given to relation (17). So, it can be noticed that two
important factors influencing surface roughness, R,
values are the cutting tool nose radius, r, and the
cutting feed ay.

A detailed study on their influence has been done
with DOE KISS software and a polynomial type
model was determined. As already mentioned
above, due to license rights limitation, there were
considered only two wvariables, each with three
variation levels.

In order to do the new set of experiments, the
values of the independent variables v and f were set
to their medium (see table 4), while independent
variables r and ar were varied according to the CCD
of experiments. The obtained experimental results
for surface roughness, R, parameter, are presented
in table 11.

Table 11
Experiments Results — for DOE KISS
Cutting tool durability, T [min]
Bxpd 2| 3|45 |6
no.
[l S < Nes \O o
(e} < o O N O
A < o e 0 N o
3
Exp- g g | 9 | 10
no.
- el ] on
N N N o
o < < <
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2
a Multiple Regression Analysis
E-]
5
-]
7 Y-hat Model
H
e | Factor Mama Cosft  F2Tail) Tol | £ | [Factor| Mame Low High Exper
] Const 435571 | 00000
10 3 nicse tadivs A TFIET | D00 1 kS 13 noes radius, © 03 1.2 (K]
11 B cutting Teed | 1.15087 | 00000 1| % ] cuting feed s 02 0315 03575 |
12 AB 043550 | 00000 | 1 E3
13 AR 053857 | 00000 0072 X Prediction
14 BB 0.18057 | 00015 0672 | X
15 Y-hat 4,355T7T1429
16 Rgq 09910 Std Error 0,16142485
17 | #dj Fieg 0, QG
18 | Std Eror 04614 99% Prediction Interval
1% F 10737565
20 Sig F 0.0000 Lower Bound 3.,87143974
21 Upper Bound 4,83998883
22 | Source 55 of ME
22 |Reagrasson 1299 -] 280
24 Ermor 4.1 a4 (1]
25 Total 1910 ag
26

Fig. 18 DOE KISS software - regression analysis results
- surface roughness model -

DOE KISS software regression analysis results

are presented in figure 18. T i AT e

There should be mentioned the aspects that T ta= 0315 ot
follow: &

— a factor is considered to have significant ghar
influence on the output as long as the P (2 Tail) =l
value is less. or equal, to 0,05; R T

— when using the software, the initial results do I~ ) ‘\.\:"---. <l
consider the coded values (X j) for the variables ) “‘*«-..._,___‘: :;___*
studied 2 -

— the relationship of real and coded variables 1
values (r, ar and, respectively, X, X,) is given by "4 05 us 07 0% 09 10 11 12 ¢ [eam
relation (19). - graph of surface roughness dependence on cutting tool

r—0.8 a, —0.257 nose radius - relation (20) -
X\ =—; X =2"—--—— (19)
0.4 0.115

So, the resulting regression model of surface
roughness, depending on r and as process parameters

is the next one: E
R, =3.437-2.956-r+10.152-a, — E
—18.957-r-a; +2.119-r* + (20)
+48.696-a,”

Examples of graphs plotted (with Maple
software) for better evidencing the influence of
independent variables studied on surface roughness

. - graph of surface roughness dependence on both cutting
are shown in figure 19. feed and cutting tool nose radius - relation (20) -

Fig. 19 Graphical representations of R, models
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Further research on surface roughness, should
consider relation (18). So, it can be noticed that the
cutting tool wear, evaluated by the VB parameter
does significantly influence the R, parameter values.

With DOE KISS software, a polynomial type
model is determined. For the new set of
experiments, the values of the independent variables
v, f and r were set to their medium, while
independent variables VB and a; were varied
according to the CCD of experiments (see table 4).

Observation:
The relationship of real and coded variables
values (VB, arand, respectively, X, X, ) is:
_VB-0.14 a; —0.257

X, =2-——"" @)

: 0.14 ~ ° 0.115

while the resulting regression model is the one that
follows:

R, =—12.514-74.951-VB+71.027-a, +
+235.435-VB-a, +68.724-VB* —
-351.758-a,’

(22)

The marginal means plot, evidencing how the
two independent variables considered do influence
the output is presented in figure 20.

a1e ¥ 0z 8.7 LEH
[ffecd Liveds.

Fig. 20 DOE KISS software - Marginal
means plot — for R, model

5 Conclusion
Due to its importance in repairing worn parts and
corrosion protection, the metallizing has known a
continuous extend

Machining procedures of thermal sprayed
coatings are often used in order to obtain the
prescribed  geometrical  precision, meaning:
dimensions, shape and relative position, as well as
roughness of the metallized surfaces.. One of the
most frequent is turning.

Applied statistics methods — such as experiments
design and regression analysis have proved to be
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adequate when studying turning process parameters
interdependence.

There were used three statistics specific software
and so, regression models of process parameters
interdependence have been determined. More
specifically, the models refer to some turning
process important aspects, like: cutting tool wear,
cutting tool durability, optimum cutting speed, and
surface roughness.

As consequence, all the models obtained can be
used to determine the estimated values of the above
mentioned outputs, when the values of inputs —
meaning machining parameters (speed, feed, depth)
and cutting tool characteristics (nose radius, wear)
are previously known.

All the steps carried in order to obtain the
regression models can be considered as parts of a
“procedure” to be followed / applied for any
materials type and different machining procedures,
whenever dependence relations of machining
parameters are worth to be determined.

Further research development does involve other
process parameters and / or metallised coating
materials to be studied, as well as application of the
obtained models on real time control of the process.
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