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Abstract

CAD/CAM software are used for modelling and simulating. However, they are not enough for
the CNC machines to manufacture a product. Here, the post-processing plays an important
role customizing the CAD/CAM codes and making them understandable for the machine. It
doesn‘t matter whether the CNC machine is modern or expensive, each machines need post-

processing to ensure the codes are optimum for the machines to operate at its finest.

The goal of this thesis was to develop a modified post-builder specifically for “Victor Taichung
Vcenter-102e” CNC machine which is in operation at Darkhangeomash company. The task
included among other things such as creating 3D-model and operations on “Siements PLM NX
10” software and making a real-time simulation on “Nanjing SwanSoft” CNC simulator for
verifying the G-code. The G-codes were generated by “Siements PLM NX 10" and post-
processed by using NX post-builder software considering. The post processed G-code is then
used on Vc-102e machine to manufacture a piece which is assigned by Batbayar Erdenee,
CEO Darkhangeomash.
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1 Introduction

1.1 Background

In the metalworking industry, the application of CNC machining centers plays an important role
in the efficient and fast production of high precision parts. To implement the CAM (Computer
Aided Manufacturing) approach in the industrial production process, the usage of the 3D-CAD
data set from the design procedure of the metal parts should be used for the machining
programming in the CNC center. However, a direct import of the data file is not possible,
because the CNC center programming takes place based on machine language. Therefore, a
specified CAM post-processing procedure has to be developed as a transformation tool

between the CAD data set and the machine code for the CNC center.

1.2 Objectives

Objectives of this thesis were to develop a modified NX post-builder for ,Victor Taichung
Vcenter-102e” CNC machine and that were to be used to manufacture a piece. The work
involved modelling the piece on NX 10 CAD/CAM software and making a simulation on
“Nanjing Swansoft CNC simulator” to verify the G-code before sending them to the CNC

machine.

2 Machining

Machining is any of various processes in which a piece of raw material is cut into a desired
final shape and size by a controlled material-removal process. Machining is a part of
the manufacture of many metal products, but it can also be used on materials such
as wood, plastic, ceramic, and composites. Much of modern-day machining is carried out
by computer numerical control (CNC), in which computers are used to control the movement

and operation of the mills, lathes, and other cutting machines.(1)

2.1 Metal removal processes

There are 3 main types of metal removal processes - conventional machining, abrasive
processes, nontraditional processes shown in Fig 1. In conventional machining, a sharp cutting
tool is used to mechanically cut the material to achieve the desired geometry. The three

principal machining processes are turning, drilling, and milling. Another group of material
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removal process is the abrasive processes, which mechanically remove material by the action
of hard, abrasive particles. Finally, there are the nontraditional processes, which use various

energy forms other than a sharp cutting tool or abrasive particles to remove material.(2)

| Turning and
related operations
| Conventional Drilling and
machining related operations
— Milling

Other machining

operations
Material removal Abrasive Grinding
processes processes operations

Other abrasive
processes

__ | Mechanical energy

processes
|| MNontraditional Electrochemical
machining machining

Thermal energy
processes

Chemical
machining

Figure 1 — Metal removal processes (2)

2.2 Metal cutting tools

Various types of tools are available designed for different CNC operations. Therefore, only the
tools used in this operation are discussed, such as end mills, face mills, and drills. In Table 1,

the available tools offered by the company is shown.

No. of | Name of tool Diameter, mm | Length, Number of
tool mm teeth
1 EM_D 6 198.40 2

2 EM_D 3 125.60 3

3 EM_D 20 185.60 4

4 EM_D 20 189.00 4

5 FMI_D 40 153.30 4

6 FMI_D 50 109.20 4

7 Drill_D 10 187.60 -

8 Drill_D 8.5 176.25 -

9 Drill_D 16 199.00 -




10 Drill_D 17 240.00

11 Drill_D 20 182.50

12 Setting_tool 16

Table 1 — Availabe tools at the company

2.2.1 End Mills

End milling tools include flat, ball, bull nose and chamfer as shown in Fig2.

W

Flat Mose Ball Nose Bull Nose Chamfer

Figure 2 - Types of end mills (3)
Flat nose mills are used for milling 2D contours and pockets. Ball nose mills are used for 3D
milling. Bull-nose end mills have a radius corner. They are used to create a fillet on the bottom
of a wall. Because they are sturdier than an end mill they are also sometimes used for roughing
operations. Chamfer mills have an angled nose used to create a chamfer or to de-burr parts.
The number of Flutes Milling tools usually have either two or four cutting flutes. Two flute
cutters provide more chip clearance when in close areas. Four flute mills are more rigid, can
be fed faster, and are preferred when greater chip clearance is not required, such as when

milling an outside contour.(3)

Flat nose mills are used for cavity milling operation as it has the most suitable shape for the

cavity’s geometry.

2.2.2 Center-Cutting end mills
Milling tools are either center cutting or non-center cutting. Center cutting mills can plunge
straight down into material, while non-center cutting tools cannot. Non-center cutting end mills

require a pilot hole, ramping, or helical motion to plunge into a material.



Cutting Edges

Center Cutting Mon-Center Cutting

Figure 3 - Cutting edges of center and non-center cutting(3)

Milling tools that are available in the company are all non-center. Thus, a helical motion is

applied to plunge into a material which is illustrated as the yellow line in Fig.4

i

Enx2e & 9 ERS

Figure 4 - Cavity milling in NX

2.2.3 Face Mill

A face mill has cutting inserts that are replaced when worn. They are rigid, may have up to
eight or more cutting edges, and can remove material quickly. They are used for the first
machining operation to quickly create a flat finished face on the part shown in Fig 6.



Carbide Insert

Figure 5 - Face mill(3) Figure 6 — NX surface roughing operation

2.2.4 Hole-making tools

Center-spot drills

Center (spotting) drills are short and very rigid drills used to create a conic on the face of the
part. Because they do a sharp point and resist bending, they locate the hole precisely. The
conic helps prevent the subsequent drill from wobbling and ensure the drill is located precisely
and drill straight down.

Countersink drills are used to create the conical face for a machine screw. Combined spotting-

countersinks are used to create a screw clearance hole and countersink in one operation.

Figure 7 — Driling operations

3 CNC machines

Numerical control (NC) refers to the automation of machine tools that are operated by

abstractly programmed commands encoded on a storage medium, as opposed to manually
5
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controlled via handwheels or levers, or mechanically automated via cams alone. The NC
machines based on existing tools that were maodified with motors that moved the controls to
follow points fed into the system on paper tape. These early servomechanisms were rapidly
augmented with analog and digital computers, creating the modern computer numerical

controlled (CNC) machine tools that have revolutionized the design process.(4)

CNC Machines fall into many categories. There are milling, cutting, drilling, bending machines
and many more. They differ in principles and functionality but share the aim of refining
materials. As opposed to manually operated machines, CNC machines are controlled by
control systems. Control system is a special software whose task is to control individual parts
of the machine-like motors or valves in order to achieve the desired result. The system itself is
commanded either manually by an operator or through a specialized code, mostly the G-code
or rather called machine code. G-code is a semi-standardized language for CNC Machines
whose instructions describe motions and actions of the machine. (3)

3.1 Operation procedures

In Fig 8, the operation procedures of the CNC machine are shown. First, the engineering
drawing according to the design of the workpiece is prepared. CAD software can be used in
this procedure. Then based on the information in the engineering drawing, the computer
numerical controlled machinery program (CNC machinery program) will be composed. The
CNC machinery program includes all the geometrical and technical information. The
geometrical information decides the target position of the movement of the tools, cutting
direction and movement priority, etc. Technical information includes the choice of tools, the
rotational speed of the main axis, the rotating direction, cutting speed, etc. The CNC machinery
program will input the geometrical and technical information into the digital controllers, while
the input devices include paper tape, magnetic tape, external keyboard, etc.

After the digital controller has processed all the information, the moving path of the tools and
the suitable procedures will be available. Lastly, the digital controller will control the whole



machine and its tools to process the materials into a required workpiece.

Drawing

:

CNC program

:

Geometrical data

:

CNC control

Size Function

Control
output
Raw Processed
material workpiece
Machine tool

e

Figure 8. Simplified operation procedures of CNC machine

3.2 Coordinate systems

The coordinate system plays an important role in CNC machining. They describe the positions
and the movements of the machine in CNC code. There are two types of coordinate systems,
absolute and incremental. In an absolute system, the position of the points is relative to the

origin. But in an incremental system, the position of the points is relative to the current position.

4 CAM programs (Siemens PLM NX)

The production method that requires a computer to control the machines is called a computer-
aided manufacturing, simply called CAM. CAM is closely related to the computer-aided design
(CAD) because the output information about the products from the CAD can assist the

composing of the production program. (2)

A CNC machinery program is composed of simple alphabets and numerical values. It is hard
to understand and will take a long time to calculate and compose. Thus, it is easy to make
mistake when programming. To eliminate these potentials of making mistakes, some
computer-aided programming software is used, such as NX, SPLIT, COMPACT,
MASTERCAM, etc. Draft of the working steps and data according to the engineering drawing



are made, and then the application software is used to analyze the data automatically to

produce the CNC machinery program. Application software has a number of advantages:

4.1

Usually, some easy symbolic language is used to represent geometric and technical
data.

Can reduce the time required to describe the workpiece and processing procedures.
Minimize the works like data entry, calculation, etc, so it can reduce the mistakes of
the CNC machinery program.

Application software can usually be applied to different machines, so the programmer
can ignore the different coding of different machines.

Some application software can even have a simulation program, so as to help the
programmer to check the mistakes and to modify the program. This can reduce the

time and money wasted when something goes wrong. (2)

Introduction to NX

NX is an advanced CAM/CAM/CAE software developed by Siemens “PLM Software”.

CAD (Computer-aided): this software makes product design more efficient by
automating processes that were once manual, such as traditional drafting. You can
also do solid modeling (creating 3d representations of your designs)

CAM (Computer-aided manufacturing): it is used to control manufacturing machine
tools like lathe, milling or electrical discharge machine.

CAE (Computer-aided engineering): is the software related with the engineering

analysis simulations. (6)

4.2 3D-modelling

Using NX 10 software assigned part shown in Fig 9, is modelled, shown in Fig 10.
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Figure 9 — Drawing of assigned part

Figure 10 - Modelled part on NX 10

4.3 Operation generating

Using operation generating, various types of machining methods such as millings, drilling, hole
making, turning, wire-EDM can be applied to a working part. Each method has its own subtypes

widening its range of applications, shown in Fig 11.
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Type A
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Program PROGRAM -
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Figure 11 - A layout of NX machining methods

To generate operation, some essential parameters are needed. First geometries of the
working part are to be specified including the actual part, check body (optional),

working geometries, and blank. They are shown in Fig 12.

L¥ Floor Wall - [FLOOR_WWALL_1] b
Geometrny s
Geometny MNOME -

Specify Part
Specify Check Body
Specify Cut Area Floor

Specify Wall Geometry
[ Automatic Walls

5 0 QW
¢ 444 ¢

Specify Trim Boundaries

Tool

Tool Axis

FPath Settings
Machine Control
Program
Description

Options

<< << € < K

Actions

Prewview W

Cancel

Figure 12 — Operation parameters on NX
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There are several ways of assigning a blank. Using a solid geometry as the blank or
allowing the software to assign a prismatic block with desired offsets in the X, Y, and

Z directions.

As we have already created a block we can use that as the blank geometry. If a sort
of clamping is included, then it can be specified by the check body to prevent a collision
between machine tool path and part holders or clamps. Although, an operation can be
generated without specifying. In some cases, the collision can be avoided by
increasing travel distance of a tool to a working face. But, it will increase the total time
of operation. Another important decision to make is to select the right shape and size
of the tool. It is important to consider geometries, material, size of a working material
and machining specification. In most cases, one tool is not enough to complete a whole

operation. Thus, it is necessary to attach multiple tools to a tool turret.

In this certain case, however, tool selections are limited since they are provided by the

company. Available tools are shown in Table.

4.4 Post-processing

The primary use of the Manufacturing Application is to generate tool paths for manufacturing
parts. Generally, we cannot just send an unmodified tool path file to a machine and start
cutting because there are many different types of machines. Each type of machine has
unique hardware capabilities, requirements and control systems. For instance, the machine
may have a vertical or a horizontal spindle; it can cut while moving several axes
simultaneously, etc. The controller accepts a tool path file and directs tool motion and other
machine activity (such as turning the coolant or air on and off).

Naturally, as each type of machine has unique hardware characteristics; controllers also differ
in software characteristics. For instance, most controllers require that the instruction for turning
the coolant on be given in a particular code. Some controllers also restrict the number of M
codes that are allowed in one line of output. This information is not in the initial NX tool path.
Therefore, the tool path must be modified to suit the unique parameters of each different

machine/controller combination. The modification is called Post Processing. (5)

11



5 Vertical Machining Center (Vc-102e, Victor-
Taichung)

Vertical machining centers are designed mainly for machining as the XY motions at a given
depth. This is called 2-1/2 axis machining. Most of these machines also allow simultaneous
XYZ motions. This feature is called 3-axis machining. Because of their design, cutting

on sides is limited, unless special attachments are used. (6)

@R VictorTacun

Figure 13 Vcenter-102e CNC machine at Darkhangeomach

5.1 Safety procedures

To operate the machine, safety regulations of the company are followed. For the prevention of
an accident, whether man-made or an occasional disaster to both the machine and the people
around the machine, some precautions have to be taken. Even though there are devices and
warning signs on the machine some accidents happen due to a neglect of the machine and
the machine being incorrectly operated. In this particular case, loads of metal chips are
produced increasing the hazard around the workplace. Thus, the following steps are followed

during a production of a workpiece:

o \Wearing proper work clothes. Avoid long sleeves or overhanging parts

o Safety glasses, safety shoes, and a hard hat are some safety features used:
o Safety glasses: preventing the eyes from getting injured by chips
o Safety shoes: for the prevention of slipping, and for the protection of the feet.
o Hard hat: for the prevention of hair being pulled into the machine and for

protecting the head.

12



Some important notations operating CNC machine:

e The door must be closed before starting the machine

¢ Do not touch the chips or the tip of the tools by hand

¢ Do not clean off the chips or adjust the position of the coolant during the operation of
the machine

e The operation of the machine must be stopped when the work is taken off the chuck by
the foot switch.

e The way for stopping the machine: Use the following mentioned buttons or switches to
stop the machines in an emergency situation. The function and position of these
buttons or switches should be kept in mind.

5.2 Machine codes for Vc-102e
Few machine codes, such as M-code, G-code, Tool function, etc. play an important role in
programming the machine. Thus, to make it easier to read and understand, some commands

and processes are explained.

5.2.1 Tool function
Tool functions are used to select tools and when it is inputted, the magazine automatically
turns taking the shorter route to position the specified tool. It uses an address T and 4-digit

number.

5.2.2 (Miscellaneous) M functions

The miscellaneous function command consists of the address M followed by two digits.
Miscellaneous functions are similar to preparatory functions in that they are encoded
instructions which cause machine features to be activated, such as turning coolant on or
causing a tool change to occur. The main difference between preparatory and miscellaneous
functions is that the event or purpose for which the preparatory functions are activated occurs
before the start of the movements in the block in which they are programmed, whereas the
event for which the miscellaneous functions are activated has to occur at the end of the

operation (block) in which they are programmed. (8)

MOO (Temporary program stop) — When it is read by machine’s control unit, it sets the spindle
to stop rotating, a coolant-supply, M03, M04, and M08 commands to be canceled. However,
G, F and S codes are not affected by this. Also, there must be no other commands set in one

line. It's a single block command.

MO1 (Optional stop) - It has a similar function to M0O. But, depending on the operator it can be

selected whether the machine is stopped or not. Also, it is a single block command.

13



MO2 (Program End) — It resets the control unit causing a program stop. Commanded by a

single block.

M30 (Reset) — It is used at the end of the program stopping it completely. When the operation

is stopped, it calls the beginning of the memory allowing it to operate using endless tape.

MO03, M04, M05 (Spindle start/stop) — M03 and M04 starts spindle to rotate in normal and
reverse direction respectively. They can be canceled by MO0, MO1, M02, MO3/M04, M05, MO6,
M19, M30 commands.

MO6 (Tool change) — Before executing an MO6 command, T code must be written in order to
call the tool. They can be written at the same command block. However, other commands are
not allowed with the same block with M0O6. There are some conditions to be satisfied before

executing this command.

Tool clamping system should be under tool clamping situation.

2. Y and Z axes must be located at the second reference position. The mode is to beat
MDI and then execute G91 G30 YO0. Z0.

3. Tool number called must be different with the tool number on the spindle.

Flowchart of a tool changing process is shown in Fig14.

14
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Figure 14 - Flow chart of tool changing process (Vc-102¢)
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M08, M09 (Coolant discharge stop) — M08 command discharges coolant from ports
positioned around the spindle. M09 command stops coolant. If coolant off button is pressed on
the control panel during an operation, coolant will not be discharged when the machine reads

M08 command. Thus, coolant off button should be checked before operating.

5.3 (Preparatory) G functions

G-codes are the preparatory functions that identify the type of activities the machine will
execute. A program block may contain one or more G-codes. The letter address G and
specific numerical codes allow communication between the controller and the machine tool.
This combination of letters and numerical values is commonly called G-Code. In order to
perform a specific machining operation, a G-Code must be used. There are two types of G-
Codes: modal and non-modal. Modal commands remain in effect, in multiple blocks, until
they are changed by another command from the same group. Non-modal commands are in

effect only for the block in which they are stated.(10)

GO0 (Positioning) — This command moves X/Y/Z axes in rapid rate to the specified position

following absolute or incremental command.

GO01 (Linear Positioning) — It is used for straight cutting. The tool moves in a straight line from
the current position to the command position at the rate specified by the feed function.

G02, G0O3 (Circular Interpolation) — The tool moves along a circular passage according to the

commanded plane, cutting direction, coordinate system, circular arc size, and rapid rate.

6 Post-processor building for 3-axis Vertical

Machining Center

6.1 Settings of G and M codes

Settings of G&M codes are in sub-tabs of programming tab. Depending on a model of CNC
machine, some parameters in these tabs need some customizations in order to operate
properly. Without an instruction manual written for the specific machine, it would be much more
difficult to understand its programming. The manual includes G&M code lists, which are shown
in the appendix, designed for the machine. By understanding its meaning and replacing it with

a same/similar code given by post builder, a customized code can be developed.

16



6.2 Programming

A CNC program can be written in so many different ways that make it impossible to find any
degree of consistency between individual part programmers, even within the same company.
Operators can greatly influence any programming style, based on their experience

of using many programs to machine various parts. Operators can also communicate their
preferences to the CNC programmer, who should use such information in the best way to

improve program structure.(8)

The structure of the programming needs to be considered first. A well written program will
increase the quality of the product, save time, and be easier to read for the operator. In general,

the code has 5 main steps show below:

e Program start sequence
e Operation start sequence
e Toolpath

e Operation end sequence

¢ Program end sequence

The most programming modification occurs in Program and Tool path tab. Modifications are
mainly done either adding/removing/replacing command blocks and custom command, and

changing its word sequencing.

6.2.1 Program start sequence

Program start sequence or rather called initial blocks, is a set of preparatory commands (G-
codes) are the one that starts the code blocks, show in in Figl5. These G-codes are usually
included to cancel the commands that may be in effect or to initiate the program mode.

Program start and end sequences are used once at the beginning and the end.

17
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Figure 15 — Program start sequence on NX post builder.

G40 G17 G90 G49 G21 block is shown in Figl5. This block is a program start sequence or
safety blocks. G40 and G49 are called cancellation commands. G49 cancels tool
compensation that might be left from the previous operation. G17 selects an X-Y plane. G21

sets a unit of parameters in mm.

6.2.2 Operation start sequence

Operation start sequence, tool path, and operation end sequence are repeated for each
operation cycle. It starts with a custom command to introduce the name of the operation and
it is placed between MOM_set_seq_on and MOM_set_seq_off commands to place a line
number only at the operation name. It eliminates all other line numbers making the code a bit
easier to read. G30 is used instead of default G28 to prevent collision between tool changing

system and a powertrain.
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|4l EtJinhen-Post processor\REalniiga X

Machine Tool % Program & Tool Path E’;E NIC Data Definitions OQutput Settings Virtual NIC Controller

Program G Codes M Codes Word Summary Word Sequencing Custom Command Linked Posts Macro

I

*@ Program Start Sequence "
—@ Operation Start Sequence

L = @A Start of Path |— MOM_set_seq_on
jlociPaty ’ ] (Smom_operation_name}
& Machine Control MOM_set_seq_off
@ Mation PB_CMD_reset_auto_detected_parameter|

{® Canned Cycles

@ Miscellaneous
@8 Operation End Sequence
*@ Program End Sequence

El ’E From Move ]I

=1 ’E First Tool ]l— G91G30 Z0.

G50 G53 GO0

PB_CMD_start_of_alignment_character|
TM06
PB_CMD_end_of_alignment_character

= ’E Auto Tool Change ]I— (Tool Change)
PB_CMD_start_of_alignment_character|

TM0E

PB_CMD_end_of_alignment_character

Default | Restore |

Figure 16 — Operation start sequence on NX post builder

6.2.3 Toolpath settings
The least changes are made in this part. Only the circular record is changed to quadrant shown
in Fig 17.

XY plane is the primary work plane for machining on a vertical machining center. Quadrant is
one fourth of a 2-dimensional grid in a plane of the rectangular coordinate system for
measurement. It also represents an arc of 90° that is one fourth of a circle. Quadrant 1 is
located in the upper right corner and quadrants 2 through 4 proceed in the counterclockwise
direction.(2) (10)
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Ll E:inhen-Post processor\REalniiga

Program | GCodes | MCodes

Word Summary | Word Sequencing

Machine Tool @ Program & Tool Path NIC Data Definitions Output Settings. Virtual NIC comroller.

Custom Command | Linked Posts | Macro

Add Word| =

PB_CHD_cutcom_setting
G41G90 GO1 G43 X Y D01 ZF
G41G90 GO1 XY 1JKDO1 ZF

Hotion

8% B8
BRE®

=] |E- Circular Move PB_CMD_cutcom_setting
G41GBD GI2 643 X ¥ D01 ZF R

PB_CHD_check_plane_change_for_swiveing
PB_CHD_check_plane_change_for_wes_rotation|
G0 GOO rap1 rapZ rap3

G90 GO0 X Y 1J K

H 5 Helix Move PB_CMD_helb_move|
=] NURBS Move PB_CMD_nurbs_move|

Rt ——

Motion G Code

Applicable Planes

Clockwise(CLW) 2 XY @YZ X 6XZ
Counter-Clockwise(CCLW) |3 Edit Plane Codes
Circular Record Radius

Maximum 99999.999
@ Full Circle @ Quadrant

Minimum 0.001

v
Default Restore | oK | Cancel

Figure 17 — Tool path on NX post builder

6.2.4 Operation End Sequence

This sequence consists of 4 blocks. M09 to stop the coolant, G91 G30 Z0.- moving to
the reference point for safe tool changing, MO5 and MO1 to stop spindle and option. It
is repeated after each operation start sequence.

‘ E:\Jinhen-Post processor\REalniiga

Program G Codes M Codes

Machine Tool {% Program & Tool Pﬂt“} NIC Data Definitions

Word Summary Word Sequencing

|

@8 Program Start Sequence
@8 Operation Start Sequence
@3 Tool Path

& Machine Control

& Motion
8 Canned Cycles
& Miscellaneous

—@ ‘Operation End Sequence
—@ Program End Sequence

=)

Custom Command

Linked Posts

Macro

I

X

Add Block |New Block g @

[ ———— ~
o @ End of Path | S |
— (7 Ge1G30 z0. |
— ) Mos |
[ Mot |
—|f;‘-' PBE_CMD_unset_parameter I

W

< >

Default | Restore |

Figure 18 — Operation end sequence on NX post builder
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6.2.5 Program End Sequence
Here the machine moves to the initial position and with M30 block it ends the program.

|‘ E:\linhen-Post processor\REalniiga x
" |+ Machine Tool Program & Tool Path 5 NIC Data Definitions | || Output Settings || Virtual N/C Controller

Program | G Codes | M Codes | Word Summary | Word Seq ing | Custom C d | Linked Posts | Macro |

I

g8 Program start Sequence
7@ Operation Start Sequence

|8 Tool Path Add Block |New Block ﬂ @|

8 Machine Control

& Motion
f Canned Cycles
@ Wiscellaneous =] im End of Program ] |ﬂ 81 G30 Y. I
@8 Operation End Sequence
"¢ Program End Sequence |ﬂ M30 |
|f§- MOM_set_seq_off |
=K |

Default | Restore

Figure 19 — Program end sequence on NX post builder
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7 Results

7.1 Operations on NX 10

Different methods are used for removing various geometries such as cavity milling for
complex geometry in the middle of the part, drilling for through holes, hole milling for
blinded holes, and floor-wall to remove top blank. In Fig 20, the whole operation is

shown.

"] . s FE a0 X

FRET>CE Y EBRSD

Figure 20 — Operations made on the workpiece.

7.2 An output of G-codes from NX post builder

o77177

o°

G40 G17 G90 G49 G21
N1 (FLOOR WALL 1)
G91 G30 z0.0

G91 G30 Y0.0

G90 G53 GO0

T7 M06.

G94 G90 G54

G43 HO7 z103.0
S796 MO3

MO8
———————————————— > Tool path code #1
M09

G91 G30 z0.0

MO5

MO1

N2 (CAVITY MILL)
(Tool Change)

T3 MO06

G90 G54

GO0 G43 HO03 7103.0
S1989 MO3
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———————————————— > Tool path code #2

M09

G91 G30 z0.0

MO5

MO1

N3 (FLOOR WALL)

G90 G54

MO8

———————————————— > Tool path code #3

M09
G91 G30 z0.0
MO05
MO1
N4 (DRILLING)
(Tool Change)

T19 MO6

G90 G54

GO0 G43 H19 Z7100.0

S995 MO03

M08

———————————————— > Tool path code #4
M09

G91 G30 z0.0

MO5

MO1

N5 (DRILLING 1)

(Tool Change)

T17 MO6

G90 G54

GO0 G43 H17 Z100.

S1872 MO03

M08

————————————————— > Tool path code #5
M09

G91 G30 Z0.0

MO05

MO1

N6 (HOLE MILLING 1)

(Tool Change)

T3 MO6

G90 G54

GO0 G43 HO03 Z7100.0

S1592 MO03

M08

————————————————— > Tool path code #6

G91 G30 Z0.0

G91 G30 Y0.0
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7.3 Simulation on “Swansoft” CNC

The final step before actual machining operation is to verify the post-processed G-code
using “Nanjing Swansoft” CNC simulation software. There is no control panel
specifically designed for the CNC machine. Thus, a similar Fanuc 0i-M panel is used
for simulating. In Fig 21, simulation on Swansoft is shown.

= FANUC 0iM - [C:\Users\User\Documents\test2.txt] - o B
|& File(F) View Display Machine Workpi Measure  Exercise/Test Window(V) Help [=1=]x]

Beaanduec (il deeaoe [LrTL V| M-HE

nee decdgRes

EOEN HEEN

Size(mm): 160.0007140.000°30.000 [REL: 95.000, 124000, 315.000 [ABS: 95,000, 122.000, 315.000 7:3_[FaNUC 0i-M Control Panel

Figure 21 — Simulation on Swansoft using post-processed G-code.

7.4 Machined piece
The complete product will be machined on the 18" of Aug. Fig 22, shows only the 4

corner drills made during the G-code test on machining center.
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Figure 22 — half finished part on Vc-102e

8 Discussion

During the work process, several difficulties are faced mainly due to lack of pre-
considerations. Before starting the actual work, limitations of the machine and
availabilities of blank and tools should be considered. Two aligned surfaces of the part
shown in Fig 10 are not possible to be operated by the CNC machine because of its
axis limitation. This limitation caused me to re-consider the operation plan. Also,
because of limited tool selections, 4 holes with 8 diameters are drilled with 8.5 diameter
tool.

Figure 10 — Modelled part on NX 10
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Furthermore, to test the G-code it would be better to use foam, plastic, or other soft
blanks that will cause less damage to the machine when the machine code is not
developed properly. During the test of first post-processed machine code, it had a
custom command included a G49 command block which cancels the tool
compensation at the operation end. And when tool returned to the reference point, it
collided with the workpiece causing a damage to the tool. On the other hand, proof-

reading every operation line is a must.

9 Recommendation for future work

As a part of the thesis, modified machine code/G-code is developed for the Vc-102e
machine with Fanuc Series 0i-MF controller using NX post builder software.
Developing a post-builder that the is able to read was the aim of this thesis. Thus, some
important aspects of economically manufacturing were not considered such as cutting
parameters, feed and speed rates, an optimum type for each operations resulting a
reduction in production time. Also, more custom commands can be included making

the G-code easier to read by the operator.
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Appendices

G-code list for Fanuc controller

G-code Group Function
GO0 PAG Positioning (Rapid traverse)
G017 o1 Linear interpolation (Cutting feed)
G02 Circular interpolation / Helical cutting CW
GO03 Circular interpolation / Helical cutting CCW
G04 Dwell, exact stop
00
G09 Exact stop
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G10 Data setting

G10.6 Tool retract and recover

G11 Data setting mode cancel

G15y¢ Polar coordinates command canceled
17

G16 Polar coordinates command

G17v¢ XY plane selection

G18y¢ 02 ZX plane selection

G19v¢ YZ plane selection

G20 Input in inch
06

G21 Input in mm

G22v¢ Stored stroke check function on
04

G23 Stored stroke check function off

G27 Reference point return check

G28 Reference to reference point

G29 Return from the reference point
00

G30 2nd, 31, 4% reference point return

G30.1 Floating reference point return

G31 Skip function

G33 01 Thread cutting

G37 Automatic tool length measurement
00

G39 Corner offset circular interpolation

G407 Cutter compensation cancel

G41 07 Cutter compensation left

G42 Cutter compensation right

G40.1 (G150) Y% Normal direction control cancel mode

G41.1 (G151) 19 Normal direction control left side on

G42.1 (G152) Normal direction control right side on

G43 Tool length compensation + direction
08

G444 Tool length compensation-direction

G45 Tool offset increase

G46 00 Tool offset decrease

G47 Tool offset a double increase
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G48 Tool offset a double decrease
G49 08 Tool length compensation cancel
G50 Scaling cancel
11
G51 Scaling
G50.1 Programmable mirror image cancels
22
G51.1 Programmable mirror image
G52 Local coordinate system setting
00
G53 Machine coordinate system selection
G54 Work coordinate system 1 selection
G54.1 Additional workpiece coordinate sys. Select
G55 Work coordinate system 2 selection
G56 14 Work coordinate system 3 selection
G57 Work coordinate system 4 selection
G58 Work coordinate system 5 selection
G59 Work coordinate system 6 selection
G60 00 Single direction positioning
G61 Exact stop mode
G62 Automatic corner override
15
G63 Tapping mode
G64 Cutting mode
G65 0 Macro command, Macro call
G66 Custom macro modal call
12
G67 Custom macro modal call cancel
G68 Coordinate rotation
16
G69 Coordinate rotation cancel
G73 Peck drilling cycle
G74 Counter tapping cycle
G76 Fine boring
G80 Canned cycle cancel
G81 09 Drilling cycle, spot boring
G82 Drilling cycle, counterboring
G83 Peck drilling cycle
G84 Tapping cycle
G85 Boring cycle
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G86 Boring cycle
G87 Back boring cycle
G88 09 Boring cycle
G89 Boring cycle
G90 Absolute command
03
Go1 Incremental command
G92 Programming of absolute zero point
00
G92.1 Workpiece coordinate system preset
G944 Feed per minute
05
G95 Feed per rotation
G96 Constant surface speed control
13
G97 Constant surface speed control cancel
G98 Canned cycle-aap aHxHbl L3r 433p33 04MX
10
G99 Canned cycle-aap R uar gasp byuax ounx

Table 2

M-code list for Fanuc controller

M code Functions M code Functions
MO0 Program stop M50
MO01 Option stop M51
M02 Program end M53
M03 Spindle forward M54
M04 Spindle reverse M56
MO05 Spindle stop M57
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MO06 Auto tool change (Call macro | M58
09029)
MO7 Oil mist ON M59 Air blow OFF
M08 Coolant ON M60
M09 Coolant OFF / Oil mist OFF M61
M10 4 axis clamp M62
M11 4" axis unclamp M70 DNC ON
M13 Spindle CW and Coolant ON | M71 DNC OFF
M14 Spindle CCW and Coolant | M73 Y-axis mirror image OFF
ON
M15 Pot up M74 Y-axis mirror image ON
M16 Pot down M75 X-axis mirror image OFF
M19 Spindle orientation ON M76 X-axis mirror image ON
M20 Spindle orientation OFF M80 Tool NO. Initial prepare
M21 Extra M code or the fixture | M81 Tool Initial start
clamping
M22 Extra M code or the fixture | M82
unclamping
M23 Extra M code or the fixture | M83 Workpiece counter ON
clamping and tilting up
M24 Extra M code or the fixture | M85
clamping and tilting down
M25 M89
M26 M90
M27 Workpiece measurement | M91
select (Spindle Protect OFF)
M28 Tool length measurement | M92
select (Spindle protect ON)
M29 Rigid Tapping M93
M30 Program end M98 Cal subprogram
M31 Extra M code M99 End subprogram
M32 Extra M code
M33
M34
M40 Screw Conveyor ON
M41 Screw Conveyor OFF
M42 Chips conveyor ON
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M43 Chips conveyor OFF

M45

M48 Override cancel ON

M49 Override cancel OFF

Post-processed G-code by NX 10, using 3axis

NOO10 G40 G17 G90 G70
N0020 G91 G28 Z0.0
NOO30 TO7 MO6

NO040 TO3

NOO50 GOO G90 X6.811 Y.0001 sS796 MO3
NOO60 G43 Zz4.0551 HO7Y
NOO70 Z.1181

NO080O GO1 z0.0 F9.8 MOS8
NO0860 G91 G28 Z0.0
N0870 TO3 MO6

N0880 T19
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G90 X3.1874 Y2.5026 S1989 MO3
Z4.0551 HO3

G81

G28 20.0
MO 6

G90 X.5906 Y.5906 S995 MO3
Z3.937 HI1O
X.5906 Y.5906 Z-1.4688 R.0984 F9.8

Y4.9213
X5.7087
Y.5906

G80
G91
T17
TO3
GO0

G28 z0.0
MO 6

G90 X2.5591 Y4.8819 sS1872 MO3
z1.5748 H17

G28 20.0
MO 6

G90 X2.5591 Y.6299 S1592 MO3
Z3.937 HO3
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Meaning of characters in machine code

ADDRESS CHARACTERS
CHARACTER MEANING
A Additional rotary axis parallel and around the X-axiz
Additional rotary axis parallel and around the Y-axis
Additional rotary axiz parallel and around the Z-axiz

Tool radius offset number;
(Turning) Depth of cut for multiple repetitive cycles

User Macro Character

Feed rate;
(Turning) Precize designation of thread lead

hlHE =2 2 (&(H

Preparatory Function
Tool Length Offset numhber

Incremental X coordinate of circle center;
(Turning) parameter of fixed cycle

Incremental ¥ coordinate of circle center

Incremental Z coordinate of circle center;
(Turning) parameter of fixed cycle

=

[

MNumber of repetitions (subprogram, hole pattern);
Fixed offset group number

Miscellaneous Function

Sequence or block number

S22 8 B

Program number
Dwell time, program number, and sequence number designation
in subprogram;
(Turning) Seguence numher start for multiple repetitive cycles

Depth of cut. shift of canned cycles;
(Turning) Segquence numhber end for multiple repetitive cycles

-

Point R for canned cycles, as a reference return value;
Radius designation of a circle arc;
Anpgular displacement value for coordinate system rotation

=

w

Spindle-Speed Function
Tool Function
Additional linear axis parallel to X-axis
Additional linear axis parallel to Y-axis
Additional linear axis parallel to £-axs
X coordinate
Y coordinate

7 Z coordinate

M E | gl

Figure 21 — Meaning of all characters used in machind code (11)
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Figure 22 — Specifications of Vcenter-102E machine (12)



Figure 23 — Insturction manual for Vc-102e machining center

e T —

-

\

Figure 24 — Blank
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Figure 2523 — Corner drilling operation

RELAYIUE ABSOLUTE
253. 399 % 9, 600
9,003 420, 400
0. 005 645, 347
9, 060 A 0. 000

— |
HACHIRE DISTANCE T0 GO

947, 800
0. 608
9. 000
0. 000

F

RUN
CYCLE TIME

0997%;
64U617690649621
H1CFLOOR_UALL_1);
69163020, 0;
GI1630X0. V0. 0
GIDESIGAN
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GIOX17I. Y. BEIZ163. &

PARTS GOUNT 686 DRN F
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]

179432315
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s
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Figure 26 — Control panel of Vc-120e machine
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