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Abstract — Material processing by chip removal is one of the crucial manufacturing processes,
accounting for approximately 70% of all manufacturing processes in the global market. Given the
machining industry's economic significance, both in Europe and worldwide, optimizing this process is
essential. The modern market demands high-quality products in the shortest time and at the lowest cost,
pushing companies to enhance efficiency and remain competitive. In machining technology, efforts focus
on minimizing both auxiliary and machining times while reducing production costs. Advancements in
software development have enabled high-speed and high-productivity machining. Various CAM
(Computer-Aided Manufacturing) systems, such as SolidCAM, Catia, NX, and MasterCAM, support CNC
programming. This study analyzes SolidCAM, one of the most widely used CAM software due to its
extensive tools and capabilities. The paper compares two machining strategies within SolidCAM—the
conventional method and the iMachining module—evaluating their advantages and disadvantages. The
objective is to develop a control program using SolidCAM and, through comparative analysis, determine
the suitable and efficient programming approach.
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1. INTRODUCTION

When it comes to CNC (Computer Numerical Control)
machines, today's production processes cannot be
imagined without CAD (Computer Aided Design) and
CAM (Computer Aided Manufacturing) programs, which
significantly facilitate the entire production process, from
designing to the final product [1]. CAD software, as the
name only speaks, serve as a constructor in the design of
the desired element, allowing faster and more precise
performance than it would be possible in manual design

[1-3]. On the other hand, CAM software is used to
generate programs that CNC machine recognizes and uses
to process an element according to the correct defined
specifications [4]. When talking about production
processes on CNC machines, turning, milling and cutting
is most often thought. CAM tools play a key role in
automating these processes, because they allow a wide
range of options for efficient and precise production [5].
Although there are several different CAM software, all of
them have the same purpose - generating programs for
CNC machine, while the methodology of arrival to goal
can be significantly different [6]. Some of the most
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famous CAM software include SolidCam, MasterCam,
Fusion 360, Hypermill, Catia, Edgecam, NX. The key
role of these software is in reducing the time required for
production, which leads to reducing total costs, extending
tools life, faster adaptability in processing, as well as
better fulfillment of market requirements [6]. In this
paper, it will be discussed in more detail about SolidCam,
including its functions, operations, advantages and
disadvantages, with a special accent to iMachining
module in this software. For further analysis the examples
of milling machining operations will be used to show the
functioning of conventional milling and iMachining
modules.

2. CAM MACHINING PROCESS AND
SOLIDCAM SOFTWARE

Machining process that uses CAM software is shown of
Fig. 1.
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Fig. 1. Part machining procedure with usage of CAM [7]

Part production as shown on fig. 1 have stages. In the first
stage (CAD) part is designed as 3D model in CAD
software. In this stage the part can be redesigned,
analyzed and verified without the need to manufacture
physical part [8-10]. In second stage the design is
imported in CAM software, and all the geometries,
machining strategies and tools are defined for part
production. In third stage the simulation of machining
process is conducted for the purpose of tool path
verification. In this stage, if there are any errors made in

102

second stage, it can be determined and necessary
correction can be made. For the generation of the GCode
(stage 4) the CAM software uses post-processor that is
needed to generate adequate GCode for the CNC machine
Controller that is used in production. Without post-
processor GCode can not be exported to the machine, and
also, the whole machining operation is defined with
machine that will be used in production. The fifth stage is
production of part on CNC machine. GCode is transferred
to the machine, and workpiece and tools are prepared for
production.

For the serial production, the stages 1 — 4 are only needed
for the first part.

SolidCam is software primarily used to program
machining on CNC machines. The most common types of
machining that are performed include turning and milling,
but also there are other while other machining process
such as drilling, engraving, cutting, etc. This program
offers many benefits in production planning. In
SolidCAM, except that all machining processes are
defined (containing all machining parameters and which
CNC machine can recognizes and perform), the
possibility of inspecting all parameters related to
machining is extremely important). These parameters can
be adapted to needs, but should pay attention to certain
boundaries, such as: drilling / cutting depth, tool
movement, path tools, path of tool support, etc. In
addition to the parameters optimization for more efficient
and productive production, extremely useful functionality
is also a SolidCAM simulation of operations. The
simulation enables the visualization of tool movements in
accordance with the generated G-code, ie in accordance
with previously defined parameters such as tool selection,
tool movement, order of operations. If any irregularity or
deviation is determined, such as: poorly defined parts,
wrong order or any improper machining parameter, error
must be immediately corrected and generate a new GCode
created for the machining process on the CNC machine.
The most compatible CAD program with SolidCAM is
SolidWorks, especially in terms of transfer and
understanding of 3D models. Since both software has
been developed by the same company, it is possible to
open SolidCAM within SolidWorks. One of the biggest
advantages of their integration is automatically updating
all changes to the 3D model in SolidCam.

2.1. SolidCAM machining operations

SolidCAM SolidCAM consists of different operating
modules (submodules) that are used for machining the
desired part. These sub-modules have been developed to
meet the requirements of both small- and large-scale
production. SolidCAM consists of four main modules:

o Milling,

e  Turning,

e  Mill-Turn (combination of milling and turning),

e  Wire Cut.
Given that the paper is based on the comparative analysis
of conventional and iMachining operations during
milling, some of the operations that can be performed are:
Face Milling, Profile Milling, Pocket Milling, Drilling,
Thread Milling, Slot Milling, T-Slot Milling.
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Face Milling is usually the first operation used to smooth
the top surface of the workpiece. Large-diameter face
milling cutters are most often used, as they enable the
machining of large surfaces in the shortest possible time.
Profile Milling is one of the most common operations in
conventional machining, along with Pocket Milling. This
operation removes the material around the desired outer
contour in order to obtain the desired geometric shape of
the part.

Pocket Milling is the most commonly used operation in
SolidCAM in conventional machining. This operation is
the opposite of the profile milling operation and is usually
applied immediately after profile milling. When the
desired external shape of the contour of the element is
achieved by Profile Milling, Pocket Milling is used for
the internal machining of the part. Also, there is a special
case of "open pocket" milling, which can be done faster
and more efficiently because the outer contour is already
open. This method can only be applied if it is not harmful
to the tool or the workpiece, which can be checked by
comparing the defined and allowed parameters or by
running a machining simulation.

Drilling operations can be carried out in different ways,
depending on the type of opening or hole that is required.
The parameters of this operation can be verified, and
drilling simulation allows precise control. Some of the
operations available are: Drilling, F_Drill, Peck, Tapping,
Boring, F Boring.

Slot Milling is a characteristic operation in which the
geometry of the groove is defined, with the possibility of
making two types of grooves. The first type of groove has
a constant depth, while the second type can have a conical
shape or a variable depth of milling. If the depth of the
groove is constant, this operation is very similar to the
profile milling operation.

2.2. SolidCAM iMachining

iMachining is a module in the SolidCAM program that
focuses on increasing the load on the cutting tool, thereby
increasing the efficiency of material removal and
reducing machining time. Reduction of machining time
can be achieved in several ways. One of the key factors is
the reduction of idle time, which significantly affects the
total machining time. The goal is for the tool to be
constantly engaged, which enables continuous removal of
material. If idle runs are necessary, it is important that the
tool is not returned to the "zero" position, but that the
repositioning maneuver is performed on a new safety
plane that accommodates the material already removed.

An increase in axial depth and width of cut results in an
increase in the volume of chips to be removed, which can
also contribute to a reduction in machining time.
However, it is important to pay attention to the durability
and service life of the tool. Regardless of the methods to
reduce machining time, if tool degradation occurs during
the machining, it can cause a serious problem. One of the
main factors that negatively affect tool life is vibration,
which increases cutting forces and tool load. Vibrations
are related to thermal loads, but when using the
iMachining module, it was found that almost 95% of the
heat produced during machining is dissipated by the

chips, which means that only a small percentage of the
heat affects the machining tool.

In addition to vibration and temperature, it is important to
pay attention to the surface of the cutting layer, as well as
to ensure that the volume of material to be removed is in
accordance with the chip removal conditions that are
allowed. By using the iMachining module, it is possible to
increase the life of the tool, with regular periodic checks
of the condition of the tool.

The procedure of iMachining process is shown on Fig. 2.
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Fig. 2. iMachining Process [11]

As shown on fig. 2. there are the following stages: [11]
CAM-Part creation. At this stage, CAM-Part name and
location needs to be defined.

CNC-Controller definition. The choice of CNC-
Controller is a necessary step. That choice influences the
Coordinate System definition and the Geometry
definition.

Coordinate System definition. The origin for all
machining operations of the CAM-Part must be defined.
Stock model definition. In this stage SolidCAM enables
user to define the stock model, as initial state of
workpiece.

Target model definition. SolidCAM enables user to
define the model of the part in its final state after the
machining.

iMachining Data. User have to define the machine and
work material parameters. The Technology Wizard
requires this data to automatically determine the optimal
Cutting conditions for an iMachining operation [12].

3. COMPARATIVE ANALYSIS OF MILLING
AND IMACHINING OPERATIONS

Conventional toolpath strategies do not use to full extent
the possibilities of modern CNC machines. The biggest
problem is the uneven load on the cutting tool, even if the
depth of cut is constant. Not only is the load not uniform,
in critical places there are much higher forces than in
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other places. During rough machining, there are more
critical places, where higher loads occur, which can lead
to tool breakage.

CAM software manufacturers have been trying for years
to develop new tool path strategies that ensure even
loading of cutting tools. Which makes it possible to use a
depth of cut several times greater than the diameter of the
tool.

The characteristic of these new strategies is that the path
of the tool does not have to follow the contour of the
piece, but when defining it, the software tries to keep
some parameters (grip width, grip angle, revolutions,
displacement) at constant values, or change them if
necessary. These corrections give a more even load on the
cutting tool.

iMachining module provides constant load on the cutting
tool. As mentioned the, reduction of the machining time
can be achieved if there is an increase in cutting
efficiency by:

e reduction of time of tool repositioning and
returning to the safety plane, the goal is for the
tool to always be in the grip, which ensures the
consistency of material removal, and therefore
less main machining time,

e an intelligent software solution that, if it is not
necessary, the tool is not returned to the safety
plane, but that the repositioning of the tool is

Fig. 3. 3D model of Part 1

done on a new safety plane that is generated in
relation to the already removed material,

e Dby increasing the chip removal volume, which
increases by increasing the axial cutting depth,
cutting width and chip length.

For the comparative analysis of conventional machining
(milling) and iMachnining operation two parts are used
[13]. One of the distinctive characteristics between this
two technologies is creation of toolpath. The purpose is to
show if there will be the difference in machining time of
the workpiece. The manufacturing parameters for milling
operations are shown in Table 1. The tool depth a is
defined in order to mill part in one pass. On Fig. 3 and Fig
4, the 3D model of parts is shown (Part 1 and Part 2).

On Fig. 5 and Fig. 7, the toolpath for milling operation
can be seen, and on Fig. 6 and Fig 8 the toolpath for
iMachining operation is shown. Comparing the toolpath it
can be determined that the algorithms for both machining
procedures work differently and give different results
regarding machining time.

Table 1. Machining parameters for milling operation

Part 1 Part 2
Stock size [mm] 140x140x40 | 250x180x50
Tool dimension [mm] 8x50 (40) 8x50 (40)
Tool speed n [rpm] 1200 1200
Feed rate vs [ mm/min] 60 60
Tool depth a [mm] 10 15

Fig. 4. 3D model of Part 2

Fig. 5. Milling operation toolpath (Part 1)
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Fig. 6. iMachining operation toolpath (Part 1)
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Fig. 7. Milling operation toolpath (Part 2)

After the machining simulation in SolidCAM software the
manufacturing time for both procedures is obtained
(Table 2.). As viewed by data in Table 2. the time in
iMachining is lesser then in conventional milling
operation.

Table 2. Machining times of individual parts using
different technologies

Milling time iMachining
Part 1 6 min 45 sec 6 min 26 sec
Part 2 27 min 36 sec 21 min 27 sec

For this two examples only one milling operation was
conducted — the Pocket Milling, and all the other
parameters were defined so the time of the machining can
be compared based on the toolpath for this operations.

4. CONCLUSION

CAD/CAM softwares had become the necessary tools in
modern machining production. The software provides
environment for designing and virtualy manufacturing the
product for analysis without the cost of production of
physical prototype. Also the softwares provides the basis
for product development and technology analysis in the
early stages of manufacturing.

The purpose of this paper was the compare the
capabilities of SolidCAM software, especially the
iMachining module that represents innovative approach in
machining with CNC machines. The comparison was
conducted between conventional milling operation and
iMachining operation on two different workpieces. On
this two examples it has been shown that iMachining
process provides the shorter machining time, on the basis
of different toolpath.

But there are room for further investigations of
iMachining process, and that is impact of different
machining operations and parameters that provide the
analysis of machining time as well as durability and
service life of the tool.

Fig. 8. iMachining operation toolpath (Part 2)
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