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Abstract: This paper discusses an algorithm that can automatically evaluate the intersection hole feature. It takes input 
data probe, data reference, data measurement, and ISO 2768 tolerance database to run algorithms on software 
which is programmed by the python language. The test model that has the counterbore and countersink 
features is tested on an algorithm whose results will then be presented in the form of a standard QC sheet. The 
results of OMM measurements will be compared with manual standard measurements to determine the 
performance of the algorithm. 

1 INTRODUCTION 

The manufacturing industry is constantly trying to 
meet market demands and satisfy customers. To 
realize this, technological developments in the 
manufacturing process should be more effective and 
efficient. One of them, automation of manufacturing 
processes in production process which is not produce 
added value directly. This process is a process that 
requires time, resources, and capacity but does not 
increase product value directly, such as the process of 
setting the machine, inspection, and delivery (Abdul 
and Musazali, 2020). The inspection process has the 
opportunity to make more efficient in manufacturing 
process because the inspection process time is depend 
on the number of functional dimensions in a product. 

By On-Machine Measurement (OMM), 
inspection process can be done in CNC machine. So 
the workpiece not need to be removed from CNC 
machine (Chen et al., 2016; Ding et al., 2020; Huang 
et al., 2018; Liu et al., 2015; Mutilba et al., 2017). The 
automation inspection process can be developed by 
implemented Computer Aided Inspection Planning 
(CAIP) on the On-Machine Measurement (OMM) 
system (Chung, 1999). It is an integrated process that 
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involves designing, machining, and inspecting the 
manufacturing process to measure products directly 
at the machine. While CAIP is a product modelling 
system that can describe the need for intelligent 
geometry and dimension measurements. CAIP is 
divided into four stages, face detection, feature 
reconstruction, inspection planning, and inspection 
code generated (Hendrawan et al, 2014). Thus, CAIP 
and OMM are a combination that allows the OMM 
method to automate and integrate the inspection 
process. In conducting OMM inspections, which 
requires feature properties information from the 
extracted feature reconstruction phase (Hendrawan et 
al, 2021) as input inspection code generated. 

After the measurement which is using the OMM 
method has been successfully generated (Hendrawan 
et al., 2021), the next step is to compare the data from 
the initial two-stage output on the CAIP and the 
results of the OMM measurement. This activity is 
called post CAIP which will give a GO or NO GO 
decision on the condition of the hole that has been 
made. This paper focuses on intersection hole 
cylindrical feature such as the counterbore and 
countersink features which are often found in 
manufactured products or fasteners application, 
especially. 
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2 HOLE PROPERTIES 
EVALUATION 

This algorithm focuses on the double hole feature 
including counterbore and countersink. The 
dimension parameters of the size and position of the 
two features that will be evaluated by this algorithm. 
Therefore, information about the feature properties of 
the hole is needed. 

2.1 Counterbore Properties 

Detailed counterbore feature properties information 
will be shown in the image below. 

 
Figure 1: Countersink properties. Source: (Hendrawan et al, 
2021). 

Basically, counterbore consists of two single hole 
features that are on the same axis, namely the blind 
hole and the through hole, each of which has diameter 
and depth information as shown in Fig. 1. Di1, Di2, 
Cpi, Li, di1, di2, Ci1, and Ci2 are top circular 
diameter, bottom circular diameter, centre point, line 
axis, top depth, bottom depth, top cylindrica, and 
bottom cylindrical in ith feature, respectively.  

To evaluate this counterbore feature requires the 
condition that Di1>Di2 and di1 as the depth evaluated 
from the inbus bolt head that becomes the 
counterbore hole pair. CPi will only be represented 
by CPx and CPy coordinates. The counterbore feature 
information that needed for evaluation is Di1, Di2, di1, 
CPx and CPy. 

2.2 Countersink Properties 

Detailed feature properties information of 
countersink will be shown in the image below. 

 
Figure 2: Counterbore properties. Source: (Hendrawan et 
al, 2021). 

Countersink consists of a tapered hole and 
through hole that are on the same axis. The built 
tapered feature consists of the upper diameter, bottom 
diameter, and depth are represented by Doi1, Doi2, and 
di1, respectively with the provisions of Doi1> Doi2 
which can form an αi angle with the following 
formula. 

αi = tan-1(
஽௢௜ଵି஽௢௜ଶଶௗ௜ଵ ) (1)

di1 = 
஽௢௜ଵି஽௢௜ଶଶ௧௔௡ఈ௜  (2)

Where αi = 45º is set according to the standard. 
CPi is represented as CPx dan CPy. The countersink 
feature information that needed for evaluation is Doi2, 
di1, CPx, and CPy. 

3 MEASUREMENT METHODS 

To evaluate based on the feature properties that have 
been defined, a measurement cycle method is needed, 
namely the diameter measurement cycle and the 
depth measurement cycle. 

3.1 Hole Measurement Cycle 

In taking measurements by On Machine 
Measurement on the hole cylindrical feature, a hole 
measurement cycle is required which is stated as 
follows. 

αi 
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Figure 3: Measure hole illustration. Source: (Renishaw, 
2014). 

After the hole measurement cycle is executed by a 
machine that has installed a probe interface and 
PRIMO™ system from RENISHAW, measurement 
results in the form of diameter and centre points of the 
hole (X and Y) can be produced. 

3.2 Depth Measurement Cycle 

In addition to the hole measurement cycle, a depth 
measurement cycle is needed to complete the 
measurements on the hole cylindrical feature. The 
depth measurement cycle is expressed as follows. 

 
Figure 4: Measure depth illustration Source: (Renishaw, 
2014). 

Results in the form of depth in the hole can be 
produced After the depth measurement cycle is 
executed by the machine that has installed the probe 
interface and primo™ system from RENISHAW. 

4 AUTOMATIC HOLE 
EVALUATION 

To complement the previously proposed hole 
evaluation module which is only for single-hole 
features, a hole evaluation module was added to 
evaluate the double hole feature which certainly 
enhances the four stages already implemented.  

4.1 Inspection Code Generator 

With the definition of the cycle to be used as well as 
the planning of the probe path that has been 
generated. So an inspection code generator was 
formed in accordance with existing standards. 
Therefore, the measurement touching points 

information is needed. To define touching points on 
the counterbore, Eq. (3) is used as follows: 𝑡𝑝௣௥௢௕௘ ൌ 𝑐𝑝௜௭ െ Ø𝑝𝑟𝑜𝑏𝑒  (3) 

a. Touching points for measuring diameter pilot hole 
counterbore: 𝑡𝑝௣௥௢௕௘ ൌ 𝑐𝑝௜௭ െ ሺ1.3 ൈ 𝑑௜ଵሻ  (4) 

b. Touching points for measuring counterbore depth: 

In defining touching points for measuring depth. 
It takes a shift in the centre point (X) expressed as 
follows. 

- If the center1_cbn value is positive 𝑚𝑜𝑣𝑒_𝑐𝑒𝑛𝑡𝑒𝑟 ൌ ሺ𝑐𝑝௜௫ሻ െ ሺሺ𝑟 𝑐𝑝௜௫ሻ െ 0.05ሻ (5) 

- If the center1_cbn value is negative 𝑚𝑜𝑣𝑒_𝑐𝑒𝑛𝑡𝑒𝑟 ൌ ሺ𝑐𝑝௜௫ሻ െ ሺ൫𝑟 𝑐𝑝௜௫൯ ൅ 0.05ሻ (6) 

After the central point shift value (X) is generated, 
the next step is to execute the cycle for depth 
measurement. 

Meanwhile, the measurement touching points is 
defined to measure countersink. The presence of 
differences due to the profile in this type of hole is 
oblique. Thus, it can be concluded that the touching 
point for depth measurement cannot be carried out 
and replaced to make the countersink Ø measurement 
which is stated as follows. ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑜𝑢𝑠𝑒 ൌ ൫ௗ೔భ൯ୡ୭ୱሺఈ೔ሻ        (7) 𝑡𝑝_𝑝𝑟𝑜𝑏𝑒 ൌ  𝑐𝑝௜௭ െ 3       (8) 𝑛𝑒𝑤_ℎ𝑦𝑝𝑜 ൌ ିሺ௧௣_௣௥௢௕௘ሻൈ௛௬௣௢௧௘௡௢௨௦௘ௗ೔భ      (9) 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛_𝑛𝑒𝑤 ൌ  ሺሺ𝑡𝑝_𝑝𝑟𝑜𝑏𝑒ሻሻ ൅ ሺ𝑛𝑒𝑤_ℎ𝑦𝑝𝑜ሻ (10) 𝑡𝑝௣௥௢௕௘೙೐ೢ ൌ  ሺ𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛_𝑛𝑒𝑤ሻ  ൅  ሺ𝑡𝑝_𝑝𝑟𝑜𝑏𝑒ሻ  (11) 

After the measurement for the Ø countersink is 
carried out, the next step is to measure the Ø pilot hole 
on the countersink by below equation. 𝑡𝑝௣௥௢௕௘ ൌ 𝑐𝑝௜௭ െ ሺ1.3 ൈ 𝑑௜ଵሻ     (12) 

4.2 Hole Evaluation Module 

By calculating the difference value between the 
feature properties data which is created by the 
previously algorithm to evaluate the single hole 
feature, and feature properties information from the 
double hole which is added with measurement result 
data that becomes increased depending on their 
respective features. For this reason, probe path data, 
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feature properties data, measurement data that has 
been added, and ISO 2768 tolerance data are needed. 
Due to the limitations of the measurement method, 
the depth of the countersink feature can be calculated 
using Eq. (1). The difference in evaluation for each 
parameter entering the tolerance area will be given a 
GO decision while the difference outside the 
tolerance area will be given a NO GO decision. 

5 EXPERIMENT 

To prove that the proposed algorithm can be applied, 
the algorithm was tested at the Hyundai WIA F510M 
Vertical Machining Centre with a SIEMENS 828D 
controller as shown in Fig. 5 and a measurement tool 
the 3D probe RENISHAW PRIMO to conduct 
experiments.  

 
Figure 5: VMC Hundyai WIA f510M. 

The machines used have travel axes of X 1060 mm, 
Y 635 mm, Z 635 mm, and table dimensions of 1200 
mm x 500 mm, respectively. The 3D diameter size of 
the Renishaw PRIMO probe selected is 6mm to take 
measurements at the inspection stage of the code 
generator. The measurement results will be directly 
tested on proposed software that has been embedded 
with an evaluation module programmed using the 
Python language.  

 
Figure 6: Inspection code algorithm. 

Start

• Probe path file (.txt)
• Reference file (.txt)
• Measurement file (.txt)
• ISO 2768

Find x and y coordinates 
from probe path file

Find feature parameteres 
from reference file base on 
x,y probe path coordinates

Find feature parameteres 
from measurement file 
(R parameter format)

Calculate the difference of 
nominal parameters between 
reference and measurement 

file

Check the difference to the 
tolerance zone

• Decision GO for the 
parameters that enter 
the tolerance zone

• Decision NO GO for 
the parameters that out 
of the tolerance zone

End  
Figure 7: Hole evaluation algorithm. 

5.1 Experimental Scenario 

The G-Code generated at the inspection stage of the 
generator code will be tested on a workpiece that 
features an M12 counterbore with details of the upper 
diameter of 20 mm, a lower diameter of 13.5 mm, and 
a depth of 12.8 mm as well as an M10 countersink 
hole with details of a lower diameter of 11 mm, a 
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depth of 5.7 mm, and an angle of 45 degrees as shown 
in Fig.8.  

 
Figure 8: Product specimen. 

The error results from the measurements will be 
compared to the medium tolerance range listed in ISO 
2768 automatically. The results of the evaluation will 
be listed in a standard QC sheet format. To validate 
the measurement results directly on the machine, 
standard manual measurements were carried out 
using a vernier calliper with a precision of 0.02 mm 
because the evaluation was still based on moderate 
tolerances. 

5.2 Experimental Result 

The evaluation results are listed as shown with the full 
information listed in the table.  

 
Figure 9: Holes Evaluator interface. 

It was found that counterbores 1 and 2 with actual 
sizes and positions respectively are the upper 
diameters of 20.035 mm and 19.985 mm, the lower 

diameters of 13.339 mm and 13.350 mm, the depths 
of 12.811 mm and 12.821 mm, the X coordinates of 
14.996 mm and -14.966 mm, and finally the Y 
coordinates of 0.048 mm and 0.010 mm. For other 
features, countersinks 1, 2, 3, and 4 respectively 
obtained bottom diameters of 11,046 mm, 10.961 
mm, 11.045 mm, and 11.032 mm, depths of 5,662 
mm, 5,702 mm, 5,668 mm, and 5,672 mm, X 
coordinates 34.994 mm, 34.968 mm, -34.991 mm, 
and -34.994 mm, and finally coordinates Y -30.000 
mm, 29.995 mm, 30.008 mm, and -29.986 mm. The 
differences from the counterbore features are the 
upper diameters of 0.035 and -0.014, the lower 
diameters of -0.160 mm and -0.149 mm, the depths of 
0.011 mm and 0.021 mm., the X coordinates -0.003 
mm and 0.033 mm, and the Y coordinates 0.0487 mm 
and 0.010 mm. The differences for the countersink 
feature were obtained successively, namely the lower 
diameters of 0.046 mm, -0.038 mm, 0.045 mm, and 
0.032 mm, depths -0.038 mm, 0.002 mm, -0.032 mm, 
and -0.028 mm, X coordinates -0.005 mm, -0.031 
mm, 0.008 mm, and 0.005 mm, as well as coordinates 
Y -0.0009 mm, -0.004 mm, 0.008 mm, and 0.013 mm.  
All parameters evaluated for both the counterbore and 
countersink features are categorized GO because they 
fall within the tolerance range. 

The second experiment is to validate the 
measurement results on the machine by a vernier 
calliper to evaluate all parameters evaluated in on-
machine measurement. The difference results for the 
counterbore feature were obtained respectively, 
namely the upper diameters of 0.04 mm and -0.016 
mm, the lower diameters of -0.156 mm and -0.16 mm, 
depths of -0.012 mm and -0.004 mm, X coordinates -
0.002 mm and 0.032 mm, and coordinates of Y -0.014 
mm and -0.004 mm. For the countersink feature 
obtained successively, namely the lower diameters of 
0.008 mm, -0.044 mm, 0 mm, and 0.004 mm, depths 
of 0.05 mm, 0.06 mm, 0.03 mm, and 0.02 mm, X 
coordinates 0 mm, -0.026 mm, 0.02 mm, and 0.018, 
and finally coordinate Y -0.06 mm, -0.014 mm, -
0.044 mm, and -0.004 mm. All parameters evaluated 
by using the calliper are categorized GO because they 
fall within the tolerance range as shown in table 1  
and 2. 

When viewed from the experiments of the hole 
evaluation algorithm automatically and measuring it 
manually, both show the same decision results, 
namely GO for all the parameters evaluated. This 
means that the proposed algorithm has proven to be 
correct in providing decisions by comparing the 
results of measurements manually using calipers. 

Countersink 

Counterbore 
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6 CONCLUSIONS 

The proposed algorithm already evaluates the 
counterbore and countersink features. The proposed 
algorithm is developed and implemented in software 
programmed using the Python language. Experiments 
are needed to test the performance of the algorithm. 
The software created requires probe path data, feature 
properties data as a reference, measurement data on 
the machine, and ISO 2768 tolerance database as 
input data. The parameters evaluated are the upper 
diameter, lower diameter, depth, x coordinate, and y 
coordinate of the counterbore feature as well as the 
lower diameter, depth, X coordinate, and Y 
coordinate of the countersink feature. The evaluation 
results are displayed in a standard QC sheet format. 
Based on the experiments that have been carried out, 
the algorithm can already work properly. 

 
Figure 10: Automatic hole evaluation result (mm). 
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Figure 11: Manual hole evaluation result. 
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