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Abstract 

 

The Abbott Firestone curve is an important method of surface characterization, 

especially when working with surfaces where it is necessary to introduce specific 

characteristics related to surface integrity and functional requirements for certain 

applications, an example of which is the interior walls of internal combustion 

engines, where specific tribological characteristics are sought, characterized by the 

distribution of peaks and valleys. These characteristics are not easily visible with 

the values of roughness parameters such as Ra or Rz, as the parameters are synthetic 

and do not provide information on the nature of the surface. The Abbott Firestone 

material percentage curve is, therefore, a suitable procedure for this purpose. When 

looking to characterize surfaces, measurements are taken at different points to 

obtain representative average values of the measurements, this implies for the case 

of surface characterization by Abbott Firestone curves, averaging different curves 

of each of the measured profiles to obtain an average curve. Due to the nature of 

the distribution of the peaks and valleys of the surface topography, each curve 

represents a particular distribution of peaks and valleys of the point where it has 

been measured, with its respective midline, this makes the process of averaging the 

values of each curve complex to obtain a single characteristic curve for 

measurements made on the surface. The curve comparison method proposed here 

serves this purpose, and it has also been found to be very useful, for example, for 

calculating the wear that a surface has suffered, as in the case of the interior walls 

of cylinders in internal combustion engines, hydraulic cylinders, or in controlled 

material starting processes, as in the case of plateau honing machining where the  
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aim is to cut the peaks of the roughness profile at a certain height without modifying 

the valleys. 
 

Keyworks: Abbott Firestone curve, Roughness surface, Honing, Surface 

characterization 

 

1. Introduction 
 

Traditionally the surface topography has been represented by the values of the 

roughness parameters, but the settings are synthetic and do not adequately represent 

the functional characteristics of the surface [1-2]. The percentage curve of Abbott-

Firestone material and its parameters is one of the surface characterization 

techniques that best represent their functional characteristics. In this curve, the 

cumulative distribution of profile heights as a percentage of material is graphically 

expressed [3]. The Abbott-Firestone material percentage curve and its parameters 

are described in ISO 13565-2[4], and ASME B46.1 [5]. Figure 1. 
 

 
 

Figure 1. Roughness profile and parameters of the Abbott-Firestone curve [1] 

 

The determination of the Abbott-Firestone curves characteristics of a surface is the 

central point of this article, and their usefulness can be found especially in areas 

such as measuring the surface wear of internal combustion engines [6], hydraulic 

cylinder wear, and the calculation of the volume of material to be started in 

machining operations [7]. The bearing curve Abbott-Firestone, makes it possible to 

visualize in a real way the distribution of the heights of the peaks and valleys in the 

profile. If the functional characteristics of a surface are to be analyzed, the Abbott-

Firestone curve is the appropriate procedure [8], as in the case of surfaces obtained 

by machining processes such as honing, which seeks to guarantee a surface with 

low friction "low peaks" and good conditions for lubrication "deep valleys". The 

problem lies in obtaining a characteristic Abbott-Firestone curve of the surface, 

from the curves of different roughness profiles, since each curve is obtained for the 

particular pattern that has been measured, with its characteristics of peaks and 

valleys, and of zero heights, which complicates its comparison and average [9]. The 

comparison of Abbott-Firestone curves, of different measurements made on the 

same surface to obtain a characteristic or average curve as in the case of parameters, 

becomes complex due to the difference in the heights of the peaks and valleys of  
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the profile for the same sampling surface, these peaks and valleys have a random 

distribution, which generates different surface profiles measured on the same 

surface. This causes each measured pattern to have a different Abbott-Firestone 

curve; as can be seen in Figure 1, this figure shows different Abbott-Firestone 

curves measured at different points on the same surface. 

 

 

 
 

Figure 2. a) Abbott-Firestone curves at midline height. b) Abbott-Firestone curves 

compared at a point >90% 

 

 

As can be seen in Figure 1, each curve has a particular shape defined by the heights 

of peaks and valleys of the profile measured with which the curve has been 

calculated, each curve has a mean line calculated as described in ISO 13565-2, the 

differences in peaks and valleys makes each profile have a different mean range, 

this makes it difficult to compare it because it does not have a common reference 

point. To calculate an average or characteristic curve, it is necessary to establish a 

common reference point of heights for all the curves and from this common point 

to calculate the corresponding average curve from the measured curves. To 

establish a standard height reference point, it is tested to move the zero point height 

of the profile, for each pattern, to different locations between 90% and 97.5% of 

material percentage. It is important to highlight that the curves are not displaced up 

to 100%, but at most up to 97.5%, to avoid the negative influence that the trajectory 

of a profile with a very deep valley can have on the process of obtaining the average 

curve and to understand that between 90% and 97.5% is already represented the 

highest percentage of material of the profile in the curve. In Figure 2b, an example 

is shown where the different curves measured in Figure 2a have now moved the 

zero point "0" of the height of each profile and all of them have been moved to 90%, 

and this is set as the reference point. 
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2. Methodology 
 

2.1. Methodology for measuring surface roughness on the inner surface of 

honed hydraulic cylinders. 

 

The ISO 4288:1996[10] standard states that the number of evaluation lengths on 

the analyzed surface must be a compromise between the cost and the measurement 

time of these evaluation lengths, to ensure the reliability of the values on the 

measured surface, and to guarantee their conformity. At the industrial level, the 

usual procedure for characterizing surface roughness consists of measuring 

roughness at different points and establishing the average. Pawlus uses a 

methodology in his research to characterize plateau-honing that consists of 

measuring the severity in three points separated by 50 mm along the cylinder and 

rotating each point 120º. This methodology is described in [12-13]. Buj and 

Vivancos [11], and Coba [9] develop more specific studies to analyze the variability 

of roughness in honing and plateau honing cylinders. They make measurements on 

machined tubes with different conditions of grain size, pressure and speed of 

rotation, which are three of the most determining parameters in the surface finish 

by honing [14]. They compare different surface characterization strategies 

according to the number of measurements taken, in a section of the tube: they 

measure at one point, at three points, nine points, and nine points with filtering the 

number of points out of a range defined by the Chauvenet criterion. In the study 

carried out in this article, to characterize the roughness and not to have to cut the 

tube, it was decided to measure the severity in a single circular section located 150 

millimeters from the end of the tube through which the tool enters. This area is 

accessible by the roughness meter stylus, is outside the reversing area of the tool 

movement, is outside the conical area of the ends, and is outside the fluid inlet and 

outlet area of the cylinder. On the other hand, based on the results of the Buj and 

Vivancos study [11], it was decided to measure the roughness in 9 points of the 

circular section located 150 millimetres from the end of the tube, with the points 

equidistant at 40º between them, then proceed to calculate the average value and 

the standard deviation of the measured values, apply the Chauvenet filtering 

criterion and recalculate the average taken as a representative value of the surface 

roughness of the cylindrical tube machined by honing. In Figure 3, a diagram of the 

process of measuring the severity of a pipe can be seen.  

 

 
 

Figure 3. Methodology for measuring the tubes. 
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Below is a summary of the measurement methodology that will be used for the 

analysis of the experimental values obtained in this article. 

 

Table 1. Proposed measurement methodology. 

 
o Roughness 

meter 

Mechanical touch probe with a tip radius of 0.2 µm, resolution 16nm, measuring speed 0.5 

mm/s. 

o Measurement 

position 

Nine points are equidistant at 40° on a circumferential plane of the inside diameter of the 

tube, 150 mm from the edge of the inlet side of the tool machining the tube. On tubes with 

lengths less than 300 mm measure in the center of the tube. 

o Data sampling: Sample length. Cut off 0.8 mm. 

Evaluation length. Five cut-offs (4 mm). 

Sampling interval. 0.25 µm. 

o Roughness 

parameters 

According to ISO 4230. ISO 13565-1, 2, 3. 

Profile Filter: Gaussian type. 

o Results: 

 

For all parameters: mean values and standard deviations of the measurements, excluding 

values outside a range defined by the Chauvenet criterion, for the whole measurement 

range. 

 

2.2. The reference point for comparison of Abbott-Firestone curves. 

 

For the proposed study, the procedure followed to obtain Abbott-Firestone curves 

averaged characteristics of surfaces machined by honing, and the treatment of the 

curves used included the following steps; 

 

Step 1: The surface roughness was measured at 9 points on the same surface to 

calculate average values, using honed machined tubes, as this is a surface finishing 

process in which the Abbott-Firestone curve is widely used.  

Step 2: Once the surface is measured with the roughness meter, the profiles are 

processed, the instrument software generates the percentage curve of Abbott-

Firestone material for each pattern and also allows to extract the information from 

the graph giving the different heights of the profile to the corresponding percentages 

of material, as a data file type.txt.  

Step 3: Then, in each curve of each profile, the zero point is moved to the common 

reference point (90, 92.5, 95 and 97.5 % of material percentage for each case under 

study). For this purpose, the height of the profile is set to the corresponding 

percentage (e.g., 90%) and this value is subtracted from all the heights of the profile, 

and when subtracting it from all the heights of the profile, the curve is displaced 

without changing the percentage of material represented under the curve.  

Step 4: Then, once the zero point of heights of each of the curves has been moved, 

for each percentage of material, from 0% to 100%, the corresponding heights of the 

curves are added together and averaged in a spreadsheet to obtain the heights of the 

average curve, with the height data of all the profiles. 

Step 5: Once the average curve is obtained, to be consistent with the measurement 

methodology, the filtering methodology described in Table 1 is applied, the profile 

that does not meet the filtering criterion is discarded, and a new average curve is 

recalculated with the data of the curves that do meet the criterion.  
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Step 6: Then compare for each reference point (90, 92.5, 95 or 97.5 %) how much 

is the sum of the total heights and how much is the sum of the heights below the 

reference point, i.e. between 90 and 100 % for the 90% reference point for example, 

and calculate how much is significant as a percentage of the total heights, this in 

order to establish, among other things, how much material is being discarded and 

whether it is significant. 

 

 

 

3. Results and analysis 
 

 

To study and evaluate the methodology for the characterization of surfaces by 

Abbott-Firestone curves, tests have been carried out on honed machined tubes. 

Experimental tests were carried out on an industrial honing machine, reference 

Honingtec BVD, in which variables such as linear speed 16.2 m/min, tangential 

speed 16.6 m/min, pressure of abrasive stones 770 N/cm2 were fixed, and for the 

test tubes, St-52 steel cylinders of 386 mm length and 50 mm diameter were used. 

Two bottles have been machined with the abrasive stone of grain size B64. In Figure 

4, one of the typical initial honing profiles obtained in this experimental work can 

be seen. 

 

 

 
 

 

Figure 4. Honing profile obtained by machining  

with the abrasive stone of grain size B64. 

 

 

In Figures 5, Abbott-Firestone curves can be seen as averages plotted for different 

reference points. In lines with strokes each one of the measured curves, and in a 

continuous line the average curve of the measured curves. 
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Figure 5. Abbott-Firestone curves measured and their mean curve, a) 90%, b) 

92.5%, c) 95%, d) 97.5 reference point. 

 

The average curves for the different reference points are shown in Figure 6. It can 

be seen how a vital distance exists between the 100 % and 97.5 % curve. This 

distance is the result of the presence of very deep valleys in the average curve with 

the reference height corresponding to 100% of the material. As the distance between 

the curves decreases from 97.5 % to 95 %, 92.5 %, and 90 %, indicating that the 

heights vary very little. The presence of a deep valley in the calculations of the 

difference between the heights of two curves can introduce considerable errors if 

you want for example, as in the case of Kumar [6], to calculate the wear from two 

measured roughness profiles. 

 

 
 

Figure 6. Abbott-Firestone mean curves compared. 
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If Table 2 is observed, it defines elements that serve as points of analysis of the 

mean curves, at different levels of height, from 90%. The maximum height of the 

average profile and the maximum height of the pattern are determined at 2.5% to 

see if the profiles tend to be pointed. It also defines the sum of the heights from 0% 

to the reference point (∑Alturas above the reference point) and the amount of the 

heights after the reference point to 100% (∑ Heights below the reference point). 

The average height and standard deviation are also defined. It can be seen that, in 

97.5% of the average material curve, the sum of the heights of the valley area 

between 97.5% and 100% are insignificant, compared to the amount of the total 

heights evaluated, slightly less than 1% of the total heights of the profile, while in 

95% it already represents 2.62% of the total heights of the pattern, in 92.5% almost 

5% and in 90% the heights that are beyond the reference point are around 7% of the 

total heights of the profile. Likewise, it is observed that the deviation of the heights 

does not vary significantly, which means that the pattern is not substantially 

modified when moving it to the different reference points. However, this option is 

not considered because there is still the possibility that when moving the profile up 

to 100 %, a very deep valley will introduce a considerable difference when 

comparing or calculating the difference between two measured Abbott-Firestone 

curves. Table 2 shows the results for the curves measured on the cylinders described 

in this section. The tubes have been regulated, their average Abbott-Firestone curve 

has been obtained from the nine measurements and filtered. 

 

Table 2. Comparison point evaluation table for Abbott-Firestone curves. 
 

90 % 
 

Average (µ) Deviation (s) 

50-D The highest peak of the hmax profile (µm) 3,00 0,78 

Maximum height at 2.5% h 2.5  (µm) 1,55 0,14 

∑ Heights from 0 to 90%. (µm) 3367,45 378,96 

∑ Heights from 90% to 100%. (µm) 238,74 54,75 

Percentage of heights rejected (%) 7,09 
 

Average of total heights 0,75 0,08 

92,5 % 
 

Average Deviation 

50-D The highest peak of the profile hmax  (µm) 3,12 0,80 

Maximum height at 2.5% h 2.5  (µm) 1,67 0,16 

∑ Heights from 0 to el 92.5%  (µm) 3801,77 464,32 

∑ Heights from 92.5% up to 100% (µm) 188,97 43,95 

Percentage of heights rejected (%) 4,97 
 

Average of total heights 0,84 0,11 

95 % 
 

Average Deviation 

50-D The highest peak of the profile  hmax  (µm) 3,32 0,83 

Maximum height al 2.5% h 2.5  (µm) 1,87 0,22 

∑ Heights from 0 to 95%  (µm) 4845,36 755,07 

∑ Heights from 95% up to 100% (µm) 127,06 29,63 
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Table 2. (Continued): Comparison point evaluation table for Abbott-Firestone 

curves. 

  
Percentage of heights rejected (%) 2,62 

 

Average of total heights 1,02 0,16 

97,5 % 
 

Average Deviation 

50-D The highest peak of the profile hmax  (µm) 3,70 0,81 

Maximum height at 2.5% h 2.5  (µm) 2,25 0,27 

∑ Heights from 0 to 97.5%  (µm) 6670,98 1111,49 

∑ Heights from 97.5% up to 100% (µm) 58,43 17,83 

Heights from 97.5% up to (%) 0,88 
 

Average of total heights 1,37 0,23 

100 % 
 

Average Deviation 

50-D The highest peak of the profile hmax  (µm) 3,24 0,95 

Maximum height at 2.5% h 2.5  (µm) 1,79 0,63 

∑ Heights to the 100%  (µm) 13811,98 2137,80 
   

Percentage of heights rejected (%) 
  

Average of total heights 2,76 0,43 

 

4. Conclusions 
 

It is considered that the most suitable and reliable point of comparison to calculate 

the average curve between profiles measured on the same machined surface is 

97.5%. This point of comparison guarantees, as can be seen in Table 2, that the 

mean curve will contain at least 99% of the overall heights of the treated profiles. 

It can be established that with this procedure of changing the heights of the profile 

to a common reference, to obtain a mean curve, product of the average of several 

curves measured on the same surface, it can also be compared two curves, in order 

to calculate the difference of material between them reliably, from the difference 

between the heights of the two Abbott-Firestone curves. In addition to the usual 2D 

roughness parameters, such as Ra, Rt, and Rq, it is considered necessary to use the 

Abbott-Firestone curves to represent the distribution or distribution of material 

along the height of the roughness profile and to be able to compare this distribution 

between the different types of honing. It is determined that compare Abbott-

Firestone curves, for example, to determine an average surface curve from several 

measured curves, the reference height is taken to be that corresponding to 97,5 % 

of the material. Taking this as a reference point, less than one percent of the 

elevations are excluded. This allows you to compare curves by eliminating the 

effect that a very deep valley may have on the calculation of the mean curve, or the 

estimate of the difference between two curves. This Abbott-Firestone curve 

comparison methodology can be used, for example, to compare two curves and 

determine in the finishing honing the volume of material to be removed from the 

peaks of the rough honing, in the case of plateau-honing. The material to be 

removed can be determined from the area between the Abbott-Firestone curve of 

the rough honing process and the Abbott-Firestone curve of the finishing honing 

process. 
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