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METAL SPRAYED ALUMINUM ALLOY — STATISTICAL MODEL
OF SURFACE ROUGHNESS IN TURNING

Mihaiela ILIESCU, Marian GHEORGHE

Abstract: Thermal spray process is widely used in order ttaimbsurfaces with very good corrosion
resistance and mechanical characteristics. Oftdtgraspraying there is the need of machining, sdoas
get the prescribed surfaces’ geometrical toleraremed roughness. This paper presents statisticalatsod
of surface roughness,,Parameter, determined so as to evidence machi(igning) parameters’
influence and obtain its optimum value.
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1. INTRODUCTION variation field of each input, as well as the expent
design that fits best.

Considering the number of independent variables
studied and the dependence relations type, to be
determined, several experiment designs have been

The metal spraying or metallizing [1] is the praces
of spraying molten metal onto a surface to form a
coating. Because the molten metal is accompanied by
large amount of air, the object being sprayed duoms .
heat up too much. applied, as follows:

An excellent mean of protecting iron and steel from, — Fra_cnonal Fact_onal Design, P.Z'l [2. 3] — a ére
corrosion is represented by metallizing zinc or Ieve_l design for four independent variables, 1Xrand 3
aluminium. Thus, could be obtained either heavyrepl'c?:telf’lz torial Desi P3 12 3 h level
coatings or, thin undercoating for organic matsrialich — rul Factonal besign, [ , 3] — a three leve
as paint or plastic finishes. de3|.gn for five independent variables, 20 runs &nd

Aluminium is one highly recommended material for repllc;a:te”s E ial Desi FED 4. 5 level
atmospheric protection of iron and steel and, afeo, —-ru actorla. esign, [,’ ] - a two leve
protection to salt or fresh water immersion. design for three independent variables, 8 runs and

In order to obtain prescribed characteristics,repl'cateS; - .
metallized coating often need machining and, the For statistical modeling, two software types have

; .o been used:
commonly used procedure — specially for aluminium . .
sprayed coatings — is turning. — REGS, for P2.1 and P3 experiment designs —

The References present only general information Orgeter_m_mes polynomial regression function, regress|
machining procedures and very few dependenc oefficients, standard errors and all other vaheegiired

- . o Itiple regression analysis.
mathematical relations (quantitative data) of sefa yamu . .
roughness on machining parameters. As for aluminium, = DOE KISS(Student Version), for FFD experiment

alloys metallized coatings, there are no such abovéjeSign — computes regression coefficients, standard
mentioned relations errors, prediction interval, etc. The DOE KISS also

So, it was considered of interest a study on tgnin prqvides thepareto Chart .Of Coefficients a graph that
parameters influence on surface roughness so as oints out how much the influence of each inputad

enable setting optimum parameters’ value as to ge S its interactions) on the output is and BRpert

smallestR, (surface roughness parameter) values. ptimizer — which sets the inputs values, in order to
optimize the output.

2 RESEARCH METHODOLOGY _ The structure of experim_ental programs is presknte
) . in Table 1, and the regression functions type amvs
The variables of a technological process should beyy relations (2), (3), and (4) respectively:

“connected” [2] by relation:

Y=Avisfets AL 2
Y:F(zl,zz,...,zj,..zn) (1) Ao A (2)
- VB
called process function, where: Y=AvA st A B, (3)
z,j=1,2, .. krepresents the process independent
variables (inputs);Y - process dependent variable Y=ay+alz+alz+alz+a,lzz,+
(output);I” - type of dependence relation. (4)

In order to determine optimurm type, one has to

establish the values — both remland codedx, — and * 83 LnZy + 853 (75 + 15312275,
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Table 1
Structure of experimental programs
géps)%ri]ment Coded values
Run 1 2 3 4 5 6 7 8 9 10 11 12
X1 -1 +1 -1 +1 -1 +1 -1 +1 0 0 0 0
P21 X -1 -1 +1 +1 -1 -1 +1 +1 0 0 0 0
X3 -1 -1 -1 -1 +1 +1 +1 +1 0 0 0 0
X4 -1 +1 +1 -1 +1 -1 -1 +1 0 0 0 0
Run 1 2 3 4 5 6 7 8 9 10
X1 -1 +1 -1 +1 -1 +1 -1 +1 -1 +1
X2 -1 -1 +1 +1 -1 -1 +1 +1 -1 -1
X3 -1 -1 -1 -1 +1 +1 +1 +1 -1 -1
X4 -1 -1 -1 -1 -1 -1 -1 -1 +1 +1
X5 -1 +1 +1 -1 +1 -1 -1 +1 +1 -1
P3 Run 11 12 13 14 15 16 17 18 19 20
X1 -1 +1 -1 +1 -1 +1 0 0 0 0
X +1 +1 -1 -1 +1 +1 0 0 0 0
X3 -1 -1 +1 +1 +1 +1 0 0 0 0
Xa +1 +1 +1 +1 +1 +1 0 0 0 0
Xs5 -1 +1 -1 +1 +1 -1 0 0 0 0
Run 1 2 3 4 5 6 7 8
FED X1 -1 -1 -1 -1 +1 +1 +1 +1
X2 -1 -1 +1 +1 -1 -1 +1 +1
X3 -1 +1 -1 +1 -1 +1 -1 +1

Fig. 2. Metallographic structure of thermal sprayed

Al (99,5%)-S10MN1Ni2.

3. EXPERIMENTS

The research wasarried out on the electric arc
thermal spray aluminium alloy [Al (99.5%)-
S10Mnl1Ni2] coatings. The samples were exterior
cylindrical ones and the depth of sprayed coatimgs
about 2.5 mm.

The studied variables [3] were as follows.

Controllable independent variables (inpus)

 cutting tool (SA)- metallic carbides Romanian
tools, conventionally called K10, characterizednioge
radiusr [mm] and weal/B [mm] parameter;

* cutting parameters cutting speedv [m/min];
cutting feeds [mm/rev]; cutting deptt [mm].

Uncontrollable (noise) inputs:

» Vickers micro-toughnessiVyes = 150, of the
electric arc thermal sprayed coating;

« vibrations of the technological systeat,constant
speed exterior cylindrical finish turning, on
SN 5001500 lathe.

Dependent variable (output):

« surface roughness, measuredyum].

An image of the metallizing process is shown in
Fig. 1, while the metallographic structure of the
sprayed coating is presented in Fig. 2.

The real and coded values of the independent
variables are presented in Table 2.
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Table 2
Structure of experimental programs
V(z) s(z) t(z) r(z) VB (%)
[m/min] mm/rev [mm] [mm] [mm]

(D1 O | O] )] O] O] H| O] @O Y © @O 1) | © | @)
135 [ 214 ] 340 o0.08 011 01p 015 021 03 d4 @8 2 f. 0 | 014] 0.28

Experiments were carried out and image of the  This software also provides an Expert Optimizer
experimental stand, while machining the sample, iswhich sets the input values as to minimievalues. The
presented by Fig. 3. Surface roughness measurementssults are shown in Fig. 6.
were done with Rugomas instrument and an imagbkeof t
stand, while measuring the surface roughness isrsim
Fig. 4.

The medium values of surface roughness
R. [um] obtained for each designed experiment type run
are presented in Table 3.

The regression analysis, carried out with REGS
program, provides the statistic models:

Y = 74260 %189 g 0476 {10047 90" (875"B . (6)

Another regression analysis type has been
considered useful, which should evidence the imitee
of most significant inputsr( s, and VB), and their
interactions, on cutting tool roughness (see Tdhle

The regression analysis results performed with DOE
KISS are presented in Fig. 5 and consequently the
statistic model obtained is:

Y = 5126- 1411r + 0834[s+ 0709VB

_ _ )
02090s - 01341VB.
One can make the following hints:
A factor is considered to have significant influern
the output as long as the B Tail) value is less or equal

t0 0.05 Fig. 4. Surface roughness measuring.
Table 3
Experimental results — REGS regression analysis
Experiment Surface roughness
Design Ra [pm
P21 Run 1 2 3 4 5 6 7 8 9 10 11 12
' 433 | 295| 3.37| 7.35 221 502 6.7 392 385 395.983 4.07

Run 1 2 3 4 5 6 7 8 9 10
4.33 6.75 7.62 7.35 5.87% 5.0 6.7 9.28 3.25 2|95
Run 11 12 13 14 15 16 17 18 19 20
3.37 5.22 2.25 3.99] 4.77 3.9 4.38 426 464 481

o

P3

o

Table 4
Experimental results — DOE KISS regression analysis
Experiment Surface roughness
Design Ra [um
Run 1 2 3 4 5 6 7 8
FFD
468 | 6.31| 6.71| 8.45 2.6( 358 3.5 5.00
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= Multiple Regression Analysis
)
5
=]
7 Y-hat Model

E]
] Factor HName Coeff FI2 T=il) Tol g Factor MName Low High Exper
=] Const S Az625 | 00000
10 s nose radius, r -1.491125 00000 1 s ey nose radius, r 0.3 1.2 o=
14 B feed, = 0,53375 | o0000 | 1 | = =] feed, = 005 | 016 o012
12 = wue ar, WB 0,702 5 0,0000 1 B C vasar, WE [u) 0,22 0,13
1= A 0.Z0575 | 00001 | 1 | A
1 A -0,1FEFS | 0,0043 4 e Prediction
15 [=1=3 0.05625 | 04418 | 1 =
il=] AR 002875 | 049550 | A B3 ¥-hat 5.12625
17 S-hat 0,1707T8957
18 Fisq 09921
10 Adj Rsq [a="=1=1] 929% Prediction Interval
z0 | Std Errer 01974
=3 F =l Rel=trind Lower Bound 4,6138813
z2 Sig F 0,.0000 Upper Bound 5.6386187
==
=4 Source EES of M
25 |Regression Ta.1 T 11,2
ES Errar 0.6 16 0.0
27 Tot=l TET pric]
prd=1

Fig. 5. DOE KISS Regression Analysis.
Expert Optimizer X first order factors) as long as tleVB and r-s-VB

Expert Optimizer Results

Goal: Minimize Y-hat

Cancel

Best Result = 2,6
[ Copy Optimal Settings to Worksheet ]
Name Low High Optimal
nose radius, r Continuous 1.2

[ continuous 0.08
CH [¥] Continuaus 0

feed, s

wear, YB

Fig. 6. DOE KISS Expert Optimizer.

4. CONCLUSIONS

Regression analysis, performed with REGS
program, pointed out that all statistical modelsrave
adequate and the strongest influence on surface
roughness was that of cutting tool nose radiu$he
other considered independent variables: cutting fe
cutting tool weatVB, and cuttings speed proved to
be significant under the above mentioned order. The
only variable that did not significantly influentiee R,
parameter was the cutting depth

Regression analysis, performed with DOE KISS
software, proved the adequacy of statistical olkthin
models and the influence on surface roughnesseof th
considered variables, as well as of their intecenti
So, it has been proved that the strongest influevas
the same as in REGS analysis, meaning that of the
cutting tool radiusr. As it was expected, the cutting
feed s and cutting tool wear VB, under the above
mentioned order, are significant®y parameter.

One can notice that the factors interacties,and
r-VB do also influencér, parameter (but less than the

interactions are not significant to surface rougisne

Further researches should be developed on differen
process variables and with different statistical
regression analysis software.
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