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Abstract: The work reported describes application of artificial neural networks (ANN) for the purpose of 
deriving a complex nonlinear relationship among several factors that influence the roughness of part surfaces 
obtained through superfinishing process according with different process parameters. The relationship is 
necessary to optimize the process parameters and predict the optimum values to obtain the roughness surfaces 
that are needed for the part manufactured. A feed forward two-layers ANN is designed and trained using 
experimental data. The model is tested for generalization and simulated in MATLABTM environment. The 
results are used to determine the best process parameters that must be used to have a high surface finish 
according with the technical requirements. 
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1 Introduction 
The majority of processes that take place in 
manufacturing processes are difficult to 
describe by simple, useful and at the same time 
precise models that can be used in prediction 
and optimization. Often the reason is their 
complexity, the impact of various disturbances 
and many factors [3]. The main areas of 
application of artificial neural networks (ANN) 
are related to modeling from experimental data 
when other techniques are not applicable, the 
relationships is highly nonlinear and rather 
complex, the factors to be considered many 
[5]. The advantage of ANNs is derivation of 
reliable models by simple approach.  
The aim of the present investigation is to apply 
neural network approach in achieving the 
process parameters in superfinishing operation 
in order to easily determine the optimal 
parameters for obtaining the surface finishes of 
part manufactured that are required by 
technical documentation. 
 
2 Theoretical backgrounds 
Surface finishing and surface treatment have 
been a challenge to the machining industry and 

material engineers in light of the burdens 
related to application costs and the time it takes 
to superfinish a coated mechanical part. 
The need for new and more advanced solutions 
for minimizing the process time required to 
improve metal surfaces and reduce friction has 
been accelerated in recent years for two main 
reasons: fierce competition between engine 
manufactures and automotive makers, which 
constantly requires suppliers to lower their 
prices, and maintaining long service life and 
durability in spite of reduced prices. 
 This paper discusses a new approach that 
addresses both issues in a single process that 
saves time and cost. 
These contradictory requirements drive our 
researches and development towards solutions 
that will enable price reduction throughout the 
superfinishing process and will fit mass 
production applications. 
 The key to the development presented in the 
paper was based on combining two main 
factors [1]:  
- a process that can be used in existing 
production machines; 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL Badea Lepadatescu

E-ISSN: 2224-2856 268 Volume 12, 2017



- a solution that will dramatically shorten the 
finishing process on coated (hardened surface) 
or uncoated metal surfaces. 
Any superfinishing process involves three 
elements: the part (or specifically the surface) 
that should be machined; the abrasive particles 
that actually machine the surface and reduce its 
roughness; and the superfinishing tool that 
exerts the force required affecting the 
machining operation with the abrasive 
particles. 
In superfinishing, an abrasive stone, shaped to 
the contour of the workpiece, removes surface 
fragmentation or smeared metal from previous 

finishing processes. Superfinishing uses very 
low pressure and speeds to produce a 
controlled low stress surface finish. 
 
3 Process schematic  
Superfinishing requires the bonded abrasive to 
oscillate over the rotating symmetrical 
workpiece. As the workpiece rotates, very fine 
oxidized chips are removed from its surface 
[3]. Lubricant is required to cool the workpiece 
and to wash away the chips from the abraded 
area (Fig.1). 

 

 
 

Fig.1 Schematic illustration of superfinishing process. 
 

Superfinishing is used when grinding alone is 
not sufficient, or is too expensive, to achieve a 
required roundness and surface finish. The 
oscillations movement is produced electro-
mechanically or by compressed air (contact 
pressure is normally made by compressed air). 
Hardness and grain of the superfinishing stones 
are selected to suit the job requirement. 
Examples of use include for highly loaded 
surfaces and sliding surfaces, anti-friction 
bearing elements and friction bearing shafts,  

 
contact areas of sealing rings and collars. The 
abrasive is either aluminum oxide widely used 
for steel, or silicon carbide for finishing cast 
iron and non-ferrous metals. If the work is 
longer than the stone, then a traverse motion is 
also required parallel to the axis of work. It 
should be noted that the stone gradually wears 
in to the average radius of the part. The early 
stages of the operation consist of the abrasion 
of the peaks and ridges of the workpiece. The 
stone will have contact with the workpiece at 
isolated points (Fig.2). 
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Fig.2 Principle of the superfinishing process. 
 

However, as the work approaches nearer to a 
true cylinder the area of contact increases thus 
reducing the pressure on the unit area. Cutting 
fluids used in superfinishing are light mineral 
oil or kerosene oil together with a heavier 
cutting oil.  
Process characteristics: 

• Involves no appreciable production of 
heat to alter metallurgical properties; 

• Produces a controlled surface finish, 
typically less than 0,02 microns Ra; 

• Utilizes low speeds (15 to 40 
meter/minute) and low pressure (10 to 
40 psi); 

• Removes only a thin layer of smear 
metal, usually less than 5 microns. 
 

4 Tests regarding the factors that 
influence the part surface finish  
The main factors that have influence on the 
superfinishing process are: grain size of 

abrasive stone, time of superfinishing process, 
pressure of abrasive stone on the part surface, 
the rotational speed of the part. The tests were 
made with a superfinishing attachment 
mounted on a tool post of a engine lathe  as is 
shown in Fig.3 [12]. 
 

 
 

Fig.3 The superfinishing unit mounted on a 
grinding machine. 

 

4.1 The influence of grain size of abrasive stone 
on the surface finish 
The size of abrasive stone is an important 
factor to obtain a high surface finish of the 
workpiece. During the tests were used the 
abrasive stones with a grain size between 600 
and 1000.  The workpiece that was used for the 
tests had a hardness of 58-62 HRC and a 
diameter of 75 mm. The rotational speed of the 
workpiece was of 25 m/min and the force of 
the abrasive stone on the part surface had a 
constant value of 15 daN, 22 daN, and 30 daN, 
obtained by different values of the contact 
pressure between the abrasive stone and part 
surface. 
Some tests were made when was used a part 
with a surface roughness after grinding of Ra = 
1, 7 μm, and the graph B with a part with 
surface roughness of Ra = 1, 2 μm. It results 
that if is necessary to obtain a surface finish of 
high quality is important the previous surface 
finish obtained usually by grinding.  
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Based on mathematical programs was obtained 
the value of surface roughness Ra according 
with the grain size of abrasive stone: 
 
Ra = 7,622178 ∗ (grain size)-0,558       (1) 
 
with an error compared with the experimental 
values of: 
 
Er = 7, 8632∗10-3                                (2) 
 
4.2 The influence of processing time on the part 
surface finish 
Superfinishing is a machining process where 
the tool cutting action is interrupted 
automatically after a specific time. This time 
have different values according with the 
factors as: the initial roughness of the part, the 
abrasive stone grade, the part material and the 
surface finish value that has to be obtained. 
During the tests were used three values of 
stone pressure on the part surface were. It was 
used an abrasive stone with grain size of 400 
and the rotational speed was of 20 m/min. 
The initial surface roughness of the part was 
Ra = 1.6 μm, obtained after grinding operation. 
The time of machining process is different 
according with the force between the abrasive 
stone and the part surface. This force is given 
by the pressure of pneumatic stone contact, and 
if is used a bigger value of this pressure the 
time of superfinishing process is shorter. This 
time of superfinishing process is obtained by 
tests for each material and part surface 
roughness required because when is achieved a 
high value of bearing surface the process of 
cutting action is automatically interrupted and 
is not necessary to continue the superfinishing 
operation. Depending on the stock removal 
value and the surface finish required the time 
of superfinishing process is between 50-90 
seconds.   
The value of roughness surface according with 
the processing time can be obtained with the 
equation: 
 
Ra = 0, 00404∗ t2 – 0,036634∗ t + 0,937818   
(3) 
 

with an error compared with the tests results 
of: 
 
Er = 1, 24441∗10-2                         (4) 
 
4.3 The influence of the cutting speed on the 
part surface finish  
The cutting speed is an important parameter in 
superfinishing process that influences in a 
great manner the surface finish of the part. 
These different values of cutting speed can be 
obtained by varying the rotational speed of the 
part being machined and the oscillating 
movement of the superfinishing stone. 
The tests were conducted of the part surface 
finish according with different values of the 
cutting speed and for different values of the 
force between the superfinishing stone and part 
surface. The abrasive grain size used was of 
600 the other cutting parameters being 
constant. 
It is noted that the optimum range of cutting 
speed is between 25-35 m/min, and if the value 
of cutting speed is increasing the surface finish 
of the part have a greater value. This thing is 
happen because the angle between the path of 
the abrasive grains is lower of 300, which is 
considered minimum to maintain the cutting 
capacity of abrasive stone [2]. The values of 
specific forces between the abrasive stone and 
part surface was of Fs = 1-2 danN, and if is 
used the bigger value of this force is obtained 
the smaller value of part surface roughness. 
The last researches in the field of 
superfinishing process were indicated that to 
obtain a high surface finish of the workpieces 
is recommended to use two type of oscillating 
movements, with different values of amplitude 
and frequency. As an example is recommended 
for the amplitude of oscillation 1-5 mm with a 
frequency of 1000-1500 strokes/min and other 
oscillating motion with an amplitude of 5-10 
mm and a frequency of 50-70 strokes/min. by 
the combination of these two oscillation 
motions the surface finish of the part being 
machined is obtained in a shorter time by 
increasing productivity of machining process. 
The value of surface roughness depending on 
the cutting speed is giving by the equation: 
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Ra = 0, 00026∗
2

sF - 0,006408∗Fs + 0,474286   
(5) 
 
With an error compared with test results of  
 
Er = 2, 5463∗10-3                 (6) 
 
4.4 Estimations 
By using superfinishing process the roughness 
average (Ra) is improved to a value of 0,02 
microns and the bearing area curve 
characteristics are significantly improved, 
while surface geometry remains unchanged. 
The superfinishing process meets new market 
demands both in superior results and in 
competitive cost-performance, compared with 
other finishing processes. In addition, the 
superfinishing process reduces friction, wear, 
and energy consumption, and leads to savings 
in service and maintenance costs.  
 
5 Application of artificial neuron 
network for modeling, analysis, 
prediction and optimization 
Artificial neural networks (ANN) have gained 
popularity in many engineering applications 
for their capability to model non-logical data, 
classify, store and present numerous sensors 
readings and experimental knowledge in terms 
of logical symbolic structures. ANNs perform 
function approximation/mapping as well, being 
tolerant of data imprecision and noise, which 
can be successfully applied for interpolation 
and prediction [10].  
A two-layer neural network with nonlinear 
differentiable and monotonic increasing 
activation functions in the hidden layer can be 
off-line trained to reproduce any deterministic 
nonlinear input-output relationship using 
vectors of representative input-target training 
couples and applying the back propagation 
rule. The matrix block diagram of a network 
with Q batching input vectors p and with 
logistic sigmoid activation functions in both 
layers F1 and F2 is shown in Fig.4. The output 
Ai (i=1, 2) of each l log-sigmoid function Fi in 
the i-th layer is given by: 
 

 
l

k
кkl

1Ni bi.pWiNi   ,)e1(Ai +=+= ∑−−

   
(7) 
where Ni is the function input and the weight 
Wikl and the bias bi are the adjustable ANN 
parameters. The log-sigmoid function allows to 
map the input from the interval (-∞, +∞) into 
the interval (0, 1). The number of the inputs R 
corresponds to the number of the geometrical 
factors, Q is the number of measurements 
available.  
    While the number of the output layer 
neurons S2 depends on the number of problem 
outputs (here S2=1 - the roughness of part 
surface which is manufactured), the number of 
the neurons in the hidden layer S1 can be 
freely selected in order the optimization 
problem to have a satisfactory with respect to 
time and accuracy solution. 
The weight matrices W1 and W2 and the bias 
vectors b1 and b2 are being continually 
adjusted in the direction of the steepest descent 
with respect to minimization of the mean 
squared error (MSE) of the network. 
Derivatives of error called delta vectors δ are 
calculated for the network’s output layer and 
then back propagated through the network until 
delta vectors are available for each hidden 
layer. 
The error E is the difference between the target 
T vector of measured/desired values and the 
ANN output A vector (E=T-A) that 
corresponds to a given input vector from the 
batch of input vectors. The steepest descent 
method is used with adaptive learning rate in 
order to increase convergence of the gradient 
procedure in the surroundings of the minimum, 
to decrease the number of iterations, and to 
avoid local minima and instability at large 
rates. Initialization of the network is provided 
by a random number generator that produces 
values within the range (-1, 1). The new 
weights Wi,j connecting neurons from layer i to 
layer j and the biases bi at the k+1 iteration are 
calculated according to the back propagation 
rule: 

jiijijijij p.)(W)(W)(W)1(W δα+=∆+=+ kkkk
  (8) 

    iiiii .)(b)(b)(b)1(b δα+=∆+=+ kkkk ,      
(9) 
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where δi is the delta vector for the current i 
layer, pi is the corresponding input vector, α is 
the learning rate. The calculations move from 
the output to the input layer of the network. 
When a desired accuracy is reached in the 
target points, the network is tested with more 
input vectors than the ones used in training to 
see if it has learned to generalize the function it 
is learning. If the approximated function is 
smooth and monotonic in-between the target 
points, the training is considered to have ended 
successfully. Else, it should be started from 
different initial conditions, or else the number 
of the neurons in the hidden layer or the 
number of hidden layers should be increased. 
Often more inputs and corresponding targets 
are added to the training vectors. Specialized 
software assists the design and training of the 
ANN.The ANN used for modeling the 
relationship between the roughness of part 
surface  on one side and force and velocity of 
the abrasive stones used on the other side  is a 

two-layer log-sigmoid back propagation ANN 
with seven hidden neurons (S1=7) and one 
output neuron (S2=1). The accuracy reached in 
training is 10-5 and the training algorithm with 
adaptive learning rate is the Levenberg-
Marquardt optimization (a modification for 
speeding up the steepest descent method). The 
default criterion (stop condition) is MSE. 
The ANN model is depicted in Fig.4. Here 
R=2 for normalized in the range (0, 1) force 
and velocity over their maximal values 2 and 
39 respectively, Q=27 measurements. The 
target is the measured roughness, which is also 
normalized in the range (0, 1) over the 
maximal value of 1.8. The results for target 
and actual output after training are shown in 
Fig.6. The generalization test uses more input 
values – Fig.7 and allows to determine the 
optimal parameters for velocity V=32 and 
force Fs=2 that ensure minimal roughness 
Ramin=0.2018 microns. 
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Fig.4 Back propagation two-layers ANN 

 
Fig.5  Back propagation ANN model of roughness 
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Fig.6 Back propagation ANN model of roughness 
 

 
Fig.7 ANN model of roughness in generalization 

 

The model is generated in Simulink of 
MATLABTM and is used to perform 
simulation investigations for all combinations 
of values for the two inputs as shown in Fig.8, 
where the Step block starts from 1 and by 
adding 0.2 covers the whole range for the force 

Fs, the range for V is simulated by the block 
Repeating Sequence – reset integrator with 
output from 0-40. The Gain blocks are the 
normalizing and denormalising gains.  The 
results from simulation are recorded by the 
Graph Scope y {1} and given in Fig.9. 
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Fig.8  Simulink model for investigation of the derived ANN model of roughness 

 

 
 

Fig.9  Simulating ANN model output for all possible combinations of inputs 
 
6 Conclusions 
By using superfinishing process the roughness 
average (Ra) is improved to a value of 0, 02 
microns and the bearing area curve 
characteristics are significantly improved, 
while surface geometry remains unchanged. 
The superfinishing process meets new market 
demands both in superior results and in 
competitive cost-performance, compared with 
other finishing processes. In addition, the 
superfinishing process reduces friction, wear, 
and energy consumption, and leads to savings 
in service and maintenance costs.  
Using application of artificial neuron network 
for modeling and analysis, we can predict and 

obtain the best process parameters of 
superfinishing technology for each type of 
workpiece material. 
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