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ABSTRAK

Pocket milling merupakan salah satu proses pengerjaan CNC milling. Dalam proses pengerjaan pocket milling
seringkali menyisakan tatal yang menggerus benda kerja. Penelitian ini bertujuan untuk menganalisis karakteristik pocket
milling menggunakan Area Roughing terhadap kekasaran permukaan dan waktu permesinan. Metode yang diterapkan
adalah dengan penelitian eksperimen terhadap metode Area Roughing untuk pengerjaan pocket dalam dan luar. Variabel
penelitian meliputi depth cut 0,5, 1, 1,5, dan 2 mm, stepover percent 40, 50, dan 60%. Pengujian berupa nilai kekasaran
permukaan, sedangkan analisa proses pengerjaan adalah waktu selama proses milling. Material benda kerja berupa
Alumunium 2024 dan tool Endmill flat diameter 12 mm. Hasil yang diharapkan adalah parameter yang memiliki nilai
paling optimal terhadap waktu proses pengerjaan dan nilai kekasaran permukaan. Sehingga dapat menjadi panduan untuk
proses milling terutama yang menggunakan Area Roughing. Hasil pemesinan menunjukan semakin cepat waktu
pemesinan diakibatkan pengaturan semakin besar untuk depth cut dan stepover percent. Peningkatan waktu pemesinan
rata-rata sebesar 28%. Sedangkan nilai kekasaran permukaan akan semakin naik seiring naiknya pengaturan depth cut dan
stepover, yaitu sebesar 17,65% untuk pocket luar dan 18,61% untuk pocket dalam. Nilai kekasaran permukaan hasil
pemesanan berkisar antara 2,4-4,8 um.

Kata kunci: pocket milling, area roughing, depth cut, step over percent.

ABSTRACT

Pocket milling is one of the CNC milling processes. The process of pocket milling often leaves scars that erode the
workpiece. This research aims to analyze the characteristics of pocket milling using Area Roughing on surface roughness
and machining time. The method applied is experimental research on the Area Roughing method for working on inner and
outer pockets. Research variables include depth cut 0.5, 1, 1.5, and 2 mm, stepover percent 40, 50, and 60%. The test is in
the form of surface roughness value, while the machining process analysis is the time during the milling process. The
workpiece material is 2024 aluminum and a flat end mill tool with a diameter of 12 mm. The expected result is the
parameter with the most optimal value for the processing time and surface roughness value. So, it can guide milling
processes, especially those that use Area Roughing. The machining results show that the faster machining time results from
more significant depth cut and stepover percent settings—an average machining time increase of 28%. Meanwhile, the
surface roughness value will increase as the depth cut and stepover settings increase, namely 17.65% for the outer pocket
and 18.61% for the inner pocket. The surface roughness value of the ordering results ranges from 2.4-4.8 pm.
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1. INTRODUCTION

CNC milling machines are machines used to make shaped materials with an automatic processing system. CNC
milling is operated using a numerical control system that contains letter and number codes. Apart from being able to use
programs created manually, CNC milling can also work using programs created via computer software [1].

Currently, the trend in Computer Aided Manufacturing (CAM) system development is to create CAM systems. The
CAM system can recognize the special characteristics that make up a 3D model and then, according to geometric shape
recognition, produces machining procedures and parameters [2][3].

Mastercam is software with editing and transformation capabilities that can combine 2D and 3D geometry. In
Mastercam, there is a pocket processing process, namely processing a pocket pattern on a component [4]. Mastercam is
software used to simulate examples of machining processes on CNC milling machines [5].

Mastercam milling toolpaths have various processing methods, namely face, contour, pocket, drill, and engrave.
Facing is the process of removing the entire top surface of the workpiece. Contouring is the process of making cuts on the
sides of the workpiece, both inside and outside, according to the profile created. Pocketing is the process of removing all the
inside parts of the workpiece in a closed profile. Drill is a drilling process by reading selected points on the image which is
carried out according to a predetermined depth. Engraving is the process of making carvings in the form of profiles or
letters [6].

Daniyan [7] has researched an effective milling process with tool diameter parameters of 12, 16, and 20 mm. The
results show that the material removal rate increases by an average of 40.50% for cutting operations under dissolved oil
cooling conditions, with a decrease in the average temperature of 20.53% and the average surface roughness of 25.33%.

Chunhui Ji [8] has conducted experiments on the distribution of residual stress at the feed corner for 2219 aluminum
alloy material. The recommended results are to increase cutting parameters such as feed rate, and radial depth of cut to
achieve good compressive stress and surface roughness.

H. Abdullah, et al [9], have researched reducing time, with a focus on parallel contour machining, to increase
efficiency and performance during the process. One method is to define a tool distance greater than the cutting tool radius in
roughing operations because it reduces the tool path length and machining time. Then, to validate the optimization results,
cutting experiments were carried out using a CNC milling machine. From this research, it can be confirmed that clear tool
path optimization provides optimal tool path length while reducing cutting time in the roughing process.

H. Abdullah, et al [10], selecting optimal machining parameters is very important to improve machining process
performance. These parameters will determine the quality of the surface finish, tool wear rate, material removal rate, and
production cycle time. This research focuses on obtaining optimal machining parameters by minimizing machining time in
pocket milling operations. Parameters such as feed per tooth, cutting speed, and depth of cut are considered important
variables to minimize machining time in the milling process because they have significant consequences for the machining
process. Based on a comparison between the genetic algorithm and Mastercam methods, the machining difference is
3.48%. This shows that genetic algorithm-based optimization can reduce production time in the machining process.

A. M. Shafie, and H. Abdullah [11], this program allows the tool path to be simulated, and the results are obtained in
machining time. To achieve the optimal machining time to be used in the actual machining process, parameters such as tool
diameter, federation, spindle speed, and depth of cut are evaluated. Tests show that in terms of the shortest machining time,
there are three styles of machining strategies, namely high speed, parallel spiral, and Zig-Zag, which are more profitable
than other commodity machining strategies. Based on this research, the tool diameter will achieve the shortest simulation
time using the maximum tool diameter. Referring to the results of this research, three results are proven to produce the
shortest time, namely Zig-Zag, High-Speed, or Parallel Spiral where the Zig-Zag time is 10 hours 20 minutes and the other
two results are the times closest to Zig-Zag.

Petr Vavruska, et al. [12], this article focuses on the problem of controlling cutting conditions in point milling
strategies to reduce machining time. Using a cutting tool with a circular cutting edge during a point milling strategy on
complex shaped parts, the actual contact point between the tool and the workpiece is constantly changing. Based on this
fact the cutting speed also changes continuously and the required cutting speed is not reached along the tool path.
Therefore, solutions to control the spindle speed have been developed to achieve a constant value of cutting speed and
consequently provide a solution to control the feed rate to maintain a constant value of feed per tooth. The applicability of
this optimization technique has been proven through actual machining tests. Improved machining surface quality and
machining time savings have been proven.

Habiby NA et al. [13] have examined the milling feed process using one-way and zig-zag methods, concluding that
spindle speed and milling's step method influence its surface roughness.

B.S Wijanarka et al, [14] examined the time required for the pocket milling process with several different strategies as
well as an analysis of tool usage. The research results stated that the fastest time for the pocket milling process was with a
zigzag feeding strategy of 41 minutes 46.68 seconds.

Venkatesh [15] has researched Pocket milling using SS 304 material, different tool parameters, and zig-zag and
parallel tool paths. The desired results are surface roughness and Material Removal Rate (MRR). The most optimal
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parameters are obtained with a spindle speed of 500 rpm, a feed rate of 30 mm/rev., and a cut depth of 0.2 mm for zig-zag
and parallel patterns. However, this research has not examined the use of inner and outer pockets, as well as variations in
stepover percent.

The research is an experiment in using the Roughing Mill Area to be applied to the inner pocket and outer pocket
processes. The tool used is a flat end mill with a diameter of 12 mm. Data analysis in the form of machining time, feed
patterns, and surface roughness. The research is expected to obtain optimal pocket milling parameters based on the results
of surface roughness and milling process time.

2. METHOD

The material used in this research is cast aluminum with dimensions of 100x100x40 mm. The equipment
used includes; a CNC milling machine, HSS @12 end mill, and CAM software. The CAM design is in the form
of inner and outer pocket milling, with the variable depth cut (depth of ingestion) used 0.5, 1, 1.5, and 2 mm, as
well as a stepover percent of 40%, 50%, and 60%. Figure 1 shows the stages of research implementation. The
research began with the preparation of materials in the form of cast aluminum with a length of 100, a width of
100, and a thickness of 40 mm. The 3D solid design for the inner pocket and outer pocket process is presented in
Figure 1.
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Figure 1. 3D Design Pocket Model (a) The Outer Pocket and (b) The Inner Pocket

The next step is to set the machining parameters used, namely spindle rotation speed, feed rate, and plunge
rate. The spindle rotation speed used is 1500 RPM, the feed speed is 500 mm/minute, and the plunge rate is 25.0
mm/minute. Ingestion parameters include Depth of cut using variables of 0.5, 1, 1.5, and 2 mm, while stepover
percent uses variations of 40, 50, and 60%. The simulation results are in the form of NC code which is
transferred to the CNC machine. Surface roughness testing using a surface roughness tester on CNC machining
results.

3. RESULTS AND DISCUSSION
The research results are shown in Table 1.

Table 1. Machining Time Data

No Depth of cut Stepover Feed length Feed time Machining time
' (mm) (%) (mm) (second) (second)
05 11272477 1399 1478
1 1 40 5646.234 724 772
15 3393.757 449 485
2 2266.508 309 339
05 7705.731 971 1243
2 1 50 3862.861 510 654
15 2323.735 320 394
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Table 1. Machining Time Data, continued

No Depth of cut Stepover Feed length Feed time Machining time
) (mm) (%) (mm) (second) (second)
05 7645.344 964 1043
3 1 60 3832.668 506 554
15 2395.620 318 354
2 1541.083 222 252

Table 1 shows the simulation's machining time, feed time, and feed path length. In general, it can be seen
that the greater the stepover percent, the lower the machining process and simulation time. This is also the same
as the feed length which will decrease as the step over percent value increases.

Meanwhile, Figure 2 shows the same cycle, where the initial feed only cuts at the corner of the workpiece.
The yellow line shows movement without feeding, while the blue line shows movement with feeding.
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Figure 2. Top View of The 3D Pocket Trajectory (a) The Outer Trajectory and (b) The Inner Trajectory
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Figure 3 shows the results of CNC machining, it shows the tool path with a constant distance, where the
feed cycle is 4 times.

(b)
Figure 3. Machining Results (a) Outer Pocket Results and (b) Inner Pocket Results

Pocket milling is a process that is widely used in making products using CNC. Optimization is often carried
out by adjusting the parameters of feed per tooth, cutting speed, and depth of cut which are considered important
variables to minimize machining time [10]. Figure 4 shows a graph between the machine processing time and the
simulation of the depth of cut value. In general, machining time decreases as the depth of cut value increases.
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Figure 4. Comparison Graph between Machining Time and Depth of Cut

The largest machining time occurs at a depth of cut value of 0.5 mm and a stepover percent of 40% with a
machining time of 1478 seconds. The fastest milling process time occurs at a depth of cut of 2 mm and a
stepover of 60% of 252 seconds.

Figure 5 shows the surface roughness value relative to stepover percent in each milling process. The
roughness value is expressed in Roughness Average (Ra). Ra is defined as the arithmetic mean and absolute
deviation of the roughness profile from the mean centerline.
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Figure 5. Comparison Graph Between Stepover Percent and Surface Roughness
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In general, the surface roughness value increases with increasing stepover percent value. The lowest surface
roughness value occurs at a stepover percent of 40% in the outer pocket 1 (PL1) process of 2.51 um. The highest
surface roughness value occurs at a stepover percent of 60% in the deep pocket 3 (PD3) process of 4.7 pum.
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Figure 6. Comparison Graph between Stepover Percent and Average Surface Roughness

Figure 6 shows the average value of surface roughness relative to the stepover percent. It can be seen that in
general surface roughness increases as the stepover percentage increases. This happens because the wider the
distance between feeds, the phenomenon of the edge of the tool not being optimally fed so re-cleaning is
required [9].

4. CONCLUSION

The pocket milling process with a roughing area can be applied to work on inner pockets and outer
pockets, where what needs to be adjusted is mainly the lead in strategy parameters, where for the inner pocket a
helical model movement strategy is used, while for the outer pocket, a lead in tangent strategy is used. The
machining results show that the faster machining time results from larger settings for depth cut and stepover
percent. Average machining time increased by 28%. Meanwhile, the surface roughness value will increase as the
depth cut and stepover settings increase, namely 17.65% for the outer pocket and 18.61% for the inner pocket.
The surface roughness value of the order results ranges from 2.4-4.8 um, this surface roughness value is included
in the N8 surface roughness standard, which is following the milling process standard [16].
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