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Abstract 

 

This article presents the study of the surface roughness inside cylinders, machined 

by honing in industrial honing machines, with a detailed review of the variability 

of the values obtained in the measurement of the machined surface. The 

determination of the amount of measurement data on the cover is displayed to get 

characteristic mean values of the measured surface. For this reason, and due to the 

randomness of the surfaces machined by honing, an experimental study has been 

proposed to carry out this analysis, where the roughness has been measured with a 

roughness meter with a contact probe, since this type of instrument is widely used 

academically and especially industrially, and is apparently standardized by 

international standards such as ISO 3274 or ASME B46.1. 
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1. Introduction  
 

One of the primary methodologies in the study of machining processes is oriented 

to characterize and model the processes and their variables as a function of surface 

quality [1]. The characterization of machining processes by surface roughness is 

an appropriate methodology since surface quality is a trace of the process that has 

been used in different jobs in obtaining the surface [2-3] and is even related to the 

functional characteristics of the component being machined [4].  

The correct characterization of the surface studied has played a fundamental role 

in the processes used to obtain the surface texture, such as in abrasive methods 

that introduce a crucial random characteristic that can be seen reflected in this 

surface texture [5-6]. Therefore, characterization has been a necessary step in the 

development of process control methods or models and all the variables involved 

in this [7-8]. 

Different measurement techniques have been used to measure these variables [9], 

however, the most widely used method has been the use of the contact probe 

roughness meter, as this type of instrument is commonly used in academia and 

especially in industry, which is described in international standards such as ISO 

3274 [10] or ASME B46.1. 

Considering that the use of machining tools with multiple cutting points, such as 

in abrasive processes, introduces high variability in the measured data values [11], 

the main contribution of this article is to present the results of an experimental 

statistical study of the surface roughness values measured inside honing machined 

cylinders in industrial honing machines for their correct characterization.  

 

2. Methodology  
 

To study the variability of the measurement of the surface roughness of the 

machined surface, the amount of surface measurement data required to obtain 

characteristic mean values of the measured surface was initially determined. For 

this reason, and due to the randomness of the surfaces machined by honing, an 

experimental study has been proposed to carry out this analysis, which is detailed 

below based on international standards.  

2.1. Initial study conditions 

A TAYLOR HOBSON "Talysurf Series 2" profilometer was used to measure the 

variability of the roughness values on the surface of the hydraulic cylinders by 

honing. Six tubes were considered with the characteristics shown in Table 1. 

 

Table 1. Characteristics of machined tubes 

# CYLINDER NUMBER MATERIAL MACHINING 

2 189 – 190  

ST-52 
ROUGH 

2  191 – 192 ROUGH + SEMI-FINISHED 

2  193 – 194 ROUGH + SEMI FINISHED + FINISHED 
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All the tubes were machined on a machine of the manufacturer HONINGTEC of 

reference N842. The conditions of each of the machining operations used are 

shown in Table 2. The abrasive stones used were CBN, the grain density in the 

binder was 50 according to the FEPA [12] standard, with different coarse grain 

sizes. 

 

Table 2. Machining parameters 

 
  

Process Variables Rough Semi-Finished Finished 

Abrasive Stone (FEPA) B252 B126 B30 

Rotational Speed (rpm) 230 260 340 

Axial Speed (m/min) 40 40 40 

Pressure N/cm2 700 700 700 

Coolant Sunnen MB30 

 

Figure 1 shows a description of the tubes used, where the length was 607 mm, 

outer diameter 70 mm, and inner diameter after honing was 60 mm. 

 

 
Figure 1. Test tube used in the study 

 

 

In the roughing operation, 7 hundredths of a diameter were removed from the tube 

with approximately 10 passes, while in the semi-finish process, 5 hundredths of a 

width were removed from the machine with approximately 10 passes, and finally 

in the finishing operation, 2 hundredths of a diameter were removed from the tube 

with about 20 passes of the machining tool. 

 

2.2. Selection of roughness parameters 

Table 3 shows the two-dimensional roughness parameters used in this study, 

which are described in International Standards ISO 4287 [13], ISO 13565-2 [14], 

and ASME B46-1. A more detailed description of these parameters can be found 

in the review by Gadelmawla [15]. 
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Table 3. 2D roughness parameters 

 

PARAMETERS 

Arithmetic Average of Heights – Ra Skewness – Symmetry – Risk 

Root Medium Root Roughness Square – 

Rq 
Kurtosis – Shape – Rku 

Maximum Profile Height – Rt 
The depth of the trimmed roughness profile - 

Rk 

Ten Height Points – Rz The height of peaks in the profile – Rpk 

 The depth of valleys in the profile – Rvk 

 

 

In each of the three cut pieces of the cylinder, the roughness was measured in 

three circular sections, one at each end and the other in the middle of the cylinder 

piece. In each circular part, the severity was determined according to the cylinder 

generator, at three equidistant points located at 120º, allowing for the 

measurement of the roughness at 9 points of each piece, and taking into account 

the three parts of each cylinder, for a total of 27 measuring points in each bottle. 

 

3. Results and discussion  

 
The experimental results obtained and the control charts of the roughness 

measurements for the different pieces of the tubes studied are presented below. In 

Figure 1 the surface roughness measured in the areas of each piece is marked with 

different types of line, and the straight lines represent the average of the 

measurements in each of these pieces (Piece A, Piece B, and Piece C). For each 

section, 18 measurements were made corresponding to 3 zones x 3 points x 2 

replicates, and in the three measurement points P-1, P-2, and P-3 equidistant 120º 

in the similar diametral measurement plane, whose experimental results are shown 

in Figure 2a according to the measurement methodology exposed. 

 

Figure 2b shows the behavior in the control charts of the measured data, where it 

is shown that the values of the averages of the different pieces of the tube present 

similar costs, and the difference over the average is presented in the front area of 

the tube, where the tool enters, highlighting a deviation of nearly 45% above the 

average value of roughness that Part C should have in the third measurement.  

However, the percentage deviation of the roughness does not exceed 20% of the 

average value for Part A and B in the tool exit region, which shows that this 

parameter depends primarily on the orientation of the machining operation. 
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    a)      b) 

 

Figure 2. 2D measurements of parameter Ra for roughing, a) tabulated results, b) 

control charts 

 

Figure 3a shows the data for the roughing honing and semi-finishing honing test 

tubes, with their respective control charts in Figure 3b, which indicates that the 

behavior of the measured data is highly dispersed with respect to the average 

values, given that using an intermediate abrasive stone grain size does not 

eliminate the characteristics of the roughing honing. However, the percentage 

deviation presented was less in average than that obtained in the roughing process 

alone, and the maximum deviation value received was 28% above the average 

roughness value for Part B in the ninth measurement. 

 

 
    a)      b) 

 

Figure 3. 2D measurements of parameter Ra for roughing+Semi-finished, a) 

tabulated results, b) control charts 

 

The measured data for the roughing, semi-finished and finished honing tubes are 

shown in Figure 4b, which shows that the mean values in the three zones of the 

cell are very similar, and the dispersion of the measured data is low as indicated 

by the standard deviation value in Figure 4a, experimental results that correspond 

to the theoretical fundamentals of this manufacturing process. 
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    a)      b) 

 

Figure 4. 2D measurements of parameter Ra for roughed+Semi-finished+finished, 

a) tabulated results, b) control charts 

 

In Table 4, the roughness values for the Ra parameter of the tubes machined in the 

different processes have been averaged for each of the pieces of the cell, where it 

can be concluded that although there is a dispersion between the measured values 

in each section, the averages of all the parts are similar to each other and using 

one of these averages for the characterization of the tube, the error obtained with 

respect to using the standard of all the pieces is between 3% and 7%, which can 

be considered as acceptable in this process. 

 

Table 4. Averages of the roughness value Ra in the different measuring zones.  

 

Part 

A 

Part 

B 

Part 

C 

GLOBA

L 

Disbast 

Average of each piece (µm) 2,876 3,141 3,325 3,114 

Error concerning the global average (%) 7,64 0,87 6,78 
 

Disbast + Semi-finished 

Average of each piece (µm) 1,921 2,126 2,07 2,039 

Error concerning the global average (%) 5,79 4,27 1,52 
 

Disbast + Semi-finished + 

finished 

Average of each piece (µm) 0,202 0,217 0,207 0,209 

Error concerning the global average (%) 3,35 3,83 0,96 
 

 

4.  Conclusions 
 

In honing machined tubes with different types of finish, 27 2D roughness 

measurements were made on the surface of each cell, where it was observed that 

there is significant variability in the roughness values measured at different points 

over the entire surface. The variability in the roughness values is due, among 

other things, to the abrasive action with varying points of cutting and the dynamic 

response of the rough stone on the surface. 

The variability presented in the results is especially accentuated in the cylinder 

inlet and outlet surface, which makes it necessary to take into consideration the  
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effect of the tool dynamics on the machining process, as it is a factor that 

influences the variability of the surface roughness values. 

The roughness values measured on the inner surface of the tube have been 

analyzed for three different pieces: at the inlet, in the middle and at the end of the 

pipe, outside the extreme zones of the pipe corresponding to the tool inlet and 

outlet, where comparing the average values of the pieces it is observed that when 

using the average value of one of the pieces instead of the average cost of all the 

parts an error between 3% and 7% is made. 

The errors obtained are acceptable, and therefore you can choose any of the pieces 

to characterize the roughness of the tube, and within the section, you can choose 

any area to measure the severity. 

The type of abrasive stone is determinant of the value of the surface finished since 

in the control charts it was observed that the roughness tends to decrease to the 

extent that a more beautiful stone is used. Finally, the abrasive rock is a decisive 

factor to take into account in future research in the study of the parameters that 

influence the process. 
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