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CHAPTER 1: INTRODUCTION

1.1 OVERVIEW

The modern industry has been involving its production methods. An example of this
evolution is the Computer Numeric Control, best known as CNC. A CNC controls the
position of a cutter by moving mechanical axes, making possible the execution of high-
resolution tasks. In general, a CNC works in a tridimensional space and uses a plasma to
cut sheets metals. One example of this kind of systems are the 3D printers that are very
popular nowadays.

A computer sends to the CNC a several instructions that are translated in cutter’s motion
to cut. However, the use of a plasma has several disadvantages such as smoke due the
overheating of the cut metal, the necessity of lubes usage to avoid fraction while motion.
Plasma can cut materials without direct contact as same as Laser.

1.2 PROBLEM STATEMENT

Some complicated designs of sheet metal work become necessary because of new modern
decoration. The goal of this project is to solve the issue of cutting different types of work.
For batch runs and one-off prototypes, 3-axis CNC plasma machines offer high-quality,
precisely controlled cutting. They are a fantastic option for people or any workshop owners
to do more work in less time. By avoiding multiple-turn setups, 3-axis capabilities shorten
operation times, streamlines production, and the high cost of manual labor.

1.3 PROJECT OBJECTIVES

The following list might be used to outline the project’s primary goals:

1. Making use of the knowledge we acquired during our four years of study in the major
of Mechatronics Engineering.

2. To make an optimal design that satisfy the requirement.

3. Automating one of the most crucial industrial systems.

4. Creating an adaptable system to handle numerous product changes.

5. Lowering manufacturing costs by doing away with the need for labor.

6. Acquiring the bare minimum working space needs.



1.4 MOTIVATION

The motive behind this project comes from the needs of the labor market for this project
and also for the products we work, which affects a large percentage of customers from
engineers and technicians who want complex designs that meet their needs, because this
project is rare in Yemen and that is why we decided to make it and we intend to complete
this 3-AXIS CNC plasma machine project.

Applying principles and knowledge from mechatronics engineering to a full project is
another motivation. Developing cooperation abilities can also help you create integrated
engineering machines, which are extremely tough to create by yourself.

1.5 METHODOLOGY

= Implementation of the project with Mach Software Program, in order to understand the
working mechanism of “CNC 3-axis" machines.

= design the structure of machine "as CAD" in the "Solid Work™ program.

= deducing the mathematical equations of movement.

= correcting the parameters to reach the required values.

= making a CAM for all CAD pieces and then manufacturing them.

= assembling the pieces together.

1.6 RESEARCH ORGANIZATION

In addition to this chapter, this research is organized as follows:

= Chapterl: Introductions

= Chapter2: Literature Review

= Chapter3: Projects Methodology

= Chapter4: Mathematical and Simulation
= Chapter5: Implementation

= Chapter6: Conclusion and Future Work



CHAPTER 2: LITERATURE REVIEW

2.1 BACKGROUND

In 1949, the first CNC machine was invented. Since then, CNCs have developed rapidly
in industries and manufacturing forever. Depending on your budget, time, working
materials, shape and size of the product, you can choose from several types of CNC
machines to make almost anything you want. A precision CNC machine tool called a 3-
axis CNC machine, commonly referred to as a 3-axis machining center, removes material
from a workpiece using a cutting laser. This is done by placing or cutting the element
simultaneously along three separate directional axes until the desired shape is obtained.

2.1.1 HOW CNC MACHINE WORKS

1. First, the part program is inserted into the MCU of the CNC.

2. In MCU all the data process takes place and according to the program prepared, it
prepares all the motion commands and sends it to the driving system.

3. The drive system works as the motion commands are sent by MCU. The drive system
controls the motion and velocity of the machine tool.

4. The feedback system records the position and velocity measurement of the machine
tool and sends a feedback signal to the MCU.

5. In MCU, the feedback signals are compared with the reference signals and if there are
errors, it corrects it and sends new signals to the machine tool for the right operation to
happen.

6. A display unit is used to see all the commands, programs and other important data. It
acts as the eye of the machine.

2.2 APPLICATION

Almost every manufacturing industry uses CNC machines. With an increase in the
competitive environment and demands, the demand for CNC usage has increased to a
greater extent. The machine tools that come with the CNC are lathe, mills, shaper and
cutting. The industries that are using CNC machines are the automotive industry, metal
removing industries, industries of fabricating metals, electrical discharge machining
industries, the wood or minerals cutting industries, etc.



2.3 TYPES OF CNC MACHINE
There are types of CNC machines:

1. CNC Lathe Machine
2. CNC Mill Machine

3. CNC drilling Machine
4. CNC Plasma Machine
5. CNC Laser Machine

2.3.1 CNC LATHE MACHINE

Lathe CNC machines are defined by their capability to turn materials during operation.
They have a smaller number of axes than CNC milling machines, making them shorter
and more compact. CNC lathe machines consist of a lathe at the center that manages and
transfers material programmatically to the computer. At the present time, it is widely
used as a lathe due to its fast and accurate function. Once the initial setup is done, a semi-
skilled worker can operate it easily. This type of lathe is also used for mass production
such as capstan and turret. But there is no programmed fed system.

Figure 2.1: CNC Lathe Machine



2.3.2 CNC MILLING MACHINE

It is one of the most common types of CNC machine, that have built-in tools for drilling
and cutting. The materials are located inside a milling CNC machine, after which the
computer will lead the tools to drill or cut them. Most of the CNC milling machines are
available in 3 to 6-axis configurations. This machine is used to produce gears like spur
gear and is also used to drill the workpiece bore and make slots by inserting part program
into the system. A semi-skilled worker can operate it easily. It is also used for mass
production such as a capstan and turret. But there is no programmed fed system. The
parts made by this machine are very precise in dimensional tolerance.

Figure 2.2: CNC Milling Machine



2.3.3 CNC DRILLING MACHINE

The CNC drilling machine is typically applied for mass production. Drilling machines,
however, often have a multi-function machining center that is occasionally mingled and
sometimes twisted. The greatest sink time for CNC drilling is with tool changes, so for
speed, the variation of hole diameter must be reduced. The fastest machine size for
drilling holes consists of several spindles in the turret with drills of different diameters
pre-mounted for drilling. This type of CNC machine can perform reaming, counterboring,
and tapping holes.

Figure 2.3: CNC Drilling Machine



2.3.4 CNC PLASMA MACHINE

This machine similar to milling CNC machines, plasma-cutting CNC machines are also
used to cut materials. But they differ from their milling counterparts by doing this
operation applying a plasma torch. A plasma cutting machine is defined as it is a method
that cuts by electrically conductive materials using an accelerated stream of hot plasma.
These types of CNC machine feature a high-powered torch that’s capable to cut through

rough materials like metal.

Figure 2.4: CNC Plasma Cutting Machine



2.3.5 CNC LASER MACHINE

The Laser-cutting CNC machines are designed to cut through hard materials, although
they use a laser to perform this task instead of a plasma torch. Lasers offer a high degree
of accuracy, but they are not as effective as plasma torches. Laser-cutting CNC machines
commonly use one of these three types of lasers that is CO2, neodymium (Nd), or
yttrium-aluminum-garnet (Nd: YAG).

-| Laser Cutting Machine n

Figure 2.5: CNC Laser Cutting Machine



2.4 RELATED WORKS

In this part, previous studies were presented in a table with what the students studied in
order to compare the studies.

CUTTING SCHEMES

highest process effectiveness.

The Study PROGRANING SOFTWARE HARDWARE
(CONTROLLER)
DIMENSIONS -The Plasma software chooses the zig-zag -Integrated CNC Controllers: Ensures
ACCURACY IN cutting scheme on default since this scheme | direct integration with mechanical
DIFFERENT PLASMA | ensures the shortest fast strokes and the hardware and its software to achieve

complete control.

-Mitsubishi Electric MELDAS:
Mitsubishi Electric offers MELDAS
CNC controllers that are widely used
in manufacturing processes.

STUDYING THE
BEHAVIOR OF CNC
PLASMA CUTTING
MACHINES

IN THE
CONTOURING
REGIME

-The most common way 2D plasma cutting
technology is implemented in industrial
systems is the CNC (computer
numerically controlled)

-The motion control system uses advanced
servocontrol algorithms and techniques
(PID control, Cross coupling

control, real-time error compensation)

-Taking into account the system, the
data entered is collected via Fanuc
CNC Controllers brushed
servomotors

Development of a
Plasma Computer
Numerical Control
Machine

-This document presents the development
of an electronic controller system for a
Plasma CNC. All system development is
based on a Colinbus CBR-40 CNC, where
only its mechanical structure and motors
are effectively used.

-All electronic control of the motors
and laser is developed on this project
and efficient discrete controlling
algorithms are used with a Mach
microcontroller.

MY OWN
PROPOSAL

-Mach3 is used to convert 3D designs into
motion movements for machine motors,
enabling precise and complex cuts to be
achieved.

-The system provides the possibility of
linking digital outputs and signals to other
parts of the control system.

Mach3 can be used with a wide range
of control cards and different types of
actuators and sensors, giving users the
flexibility to choose the right
hardware for their project

- Mach3 is one of the popular systems
and provides an easy-to-use graphical
interface, which helps users
understand and program machining
processes easier.

Note that all previous studies were recent, and consideration was taken to review the
most recent studies, so that the previous studies were taken between the years 2018-2021,
and this is the table and comparison between the previous studies and what we have

developed.




2.5 MAIN COMPONENTS OF CNC SYSTEM

Input Devices

l Part Programs

MCU Display
Unit

A 4

Data Processing Control Loop
Unit Unit

LY

Miscellaneous
Function

Motion Data

Position Feedback
Velocity Feedback

l

Driving
System

Figure 2.6: Components of CNC system

There are five main components of the numerical control or NC system. These are:

2.5.1 PROGRAM OF INSTRUCTIONS

A typical desktop program instructs computers to perform specific tasks. The NC
machine's program of instructions is a step-by-step set of instructions that tells the
machine what it needs to do. These instructions can tell the machine to turn the piece of
metal to a specific diameter, drill a hole to a specific length, form a specific shape, and so
on. The set of instructions is coded in numerical or symbolic form and written on a
specific medium that can be interpreted by the NC machine's controller unit.
Previously, punched cards, magnetic tapes, and 35mm motion picture film were
commonly used for writing instructions, but now 1-inch-wide punched tape is more
commonly used. The program instructions are written by an expert with both
programming and machining knowledge. The individual should be familiar with the
various steps of machining required to manufacture a specific product and be able to
write these steps in the form of a program that can be understood by the NC machine's
control unit, which will eventually direct the machine tool to perform the required
machining operations.

Manual data input (MDI) is another method for manually entering instructions into the
controller unit. This method is used for very simple jobs. Then there's direct numerical
control (DNC), which uses a direct link to control machines without using a tape reader.

10



2.5.2 CONTROLLER UNIT OR MACHINE CONTROLLER
UNIT (MCU)

The controller unit is the most important component of NC and CNC machines. The
electronics components make up the controller unit. It reads and interprets the instruction
program and converts it into mechanical actions of the machine tool. As a result, the
controller unit serves as a vital link between the program and the machine tool. The
control unit operates the machines in accordance with the instructions provided to it.

A typical control unit includes a tape reader, a date buffer, signal output channels to
machine tools, machine tool feedback channels, and sequence control to coordinate the
overall machining operation.

Initially, the tape reader, which is an electromechanical device, reads the set of
instructions from the punched tape. The data from the tape is stored in the data buffer as
logical blocks of instructions, each of which results in a specific sequence of operations.
The controller sends instructions to the machine tool via signal output channels connected
to the servomotors and other machine controls.

The feedback channels ensure that the machine correctly executed the instructions. The
controller unit's sequence control component ensures that all operations are carried out in
the correct order.

One thing to keep in mind about the controller unit is that all modern NC machines are
equipped with a microcomputer that serves as the controller unit. The program is directly
fed into the computer, and the computer controls the operation of the machine tool. These
machines are known as Computer Controller Machines (CNC).

2.5.3 MACH MACHINE TOOL

The machine tool is responsible for the actual machining operations. The machine tool
can be any machine, such as a lathe, drilling machine, milling machine, and so on. The
machine tool is the part of the NC system that is controlled. In the case of CNC
machines, the microcomputer controls the machine based on a set of instructions or a
program. The control panel or control console on the NC machine contains the dials and
switches that the operator uses to operate the NC machine. There are also displays to
show the user information. The majority of modern NC machines are now referred to as
CNC machines.

2.5.4 DRIVING SYSTEM

The driving system of a CNC machine consists of amplifier circuits, drive motors. The
MCU feeds the signals (i.e., of position and speed) of each axis to the amplifier circuits.
The control signals are than augmented (increased) to actuate the drive motors.

11



2.5.5 FEEDBACK SYSTEM

This system consists of transducers that act as sensors. It is also called a measuring
system. It contains position and speed transducers that continuously monitor the position
and speed of the cutting tool located at any instant. The MCU receives the signals from
these transducers and it uses the difference between the reference signals and feedback
signals to generate the control signals for correcting the position and speed errors.

2.5.6 DISPLAY UNIT
A monitor is used to display the programs, commands and other useful data of CNC
machine.

12



CHAPTER 3: PROJECT METHODOLOGY

3.1 INTRODUCTION

The success of any engineering project relies heavily on the methodology used to guide it
from concept to completion. In this chapter, we outline the structured approach followed
in the development of the CNC plasma cutting machine. This methodology covers every
phase of the project, from initial planning and design to testing and final implementation.
By detailing the processes, techniques, and tools used.

3.2 MACHINE SPECIFICATIONS

Table 3.1: Machine Specifications

Machine Type 3-Axis CNC Plasma Cutting Machine
Function Metal Cutting
Operating Power 3.5t07.1 kW
Liner axis 1500*2600*300 mm X, Y, Z
Structure Dimension 2000*3000*1250 mm X, Y, Z
Motor Type Stepper Motor
Communication USB

3.3 CNC DESIGN SOFTWARE
3.3.1 DESIGN THE BASE

We first designed the base in order to obtain durability and non-vibration, based on what we
studied in the course Designing Elements of Machines and Theory of Machines, using the Solid
work program as show (Fig3-1).

Figure 3.1: Designed the Base

13



3.3.2 DESIGN THE LINER AXIS (THE BRIDGE)

Figure 3.2: The Liner Axis

3.3.3 FINAL DESIGN

Figure 3.3: Final Design

14



3.4 COMPONENTS

3.4.1 ELECTRONIC COMPONENTS

Electronic components are the basic elements that form the basic parts of electronic
circuits. Here is a general guideline on some common electronic components in CNCs.

Table 3.2: List of Electronic Components
COMPONENT Quantity

4-Axis Breakout Board 1
Plasma Generation Unit 2.7 to 6.2KW
DMAB860H Stepper Motor Driver
Stepper Motor Nema 34
Step-Down Transformer 220V to 70V
Power Supply 24V,12A
Limit Switch
Emergency Stop Switch Button
Cooling fan

z
O

olo|Nlo|g|s|lw|N|-
I I TS N N

3.4.1.1 4-AXIS BREAKOUT BOARD

The 4-axis breakout board is specifically designed for CNC single axis 2-phase stepper
driver controllers, such as the M542, M542H, MA860H, 2M542, 2M982, DM542(A),
DMB860(A), and other single axis stepper driver controller series. With this 4-axis
breakout board, you can directly control any 1-4 single axis stepper driver controllers via
the PC using MACH3 software, providing seamless integration and control for your CNC
setup, etc.

Figure 3.4: 4-Axis Breakout Board
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> FEATURES

» Supports up to 4-axis stepper motor control for precise multi-axis operation.

o Compatible with parallel-control CNC software such as MACH3 and Linux CNC (EMC2),
ensuring flexibility and versatility.

* Features isolated USB power supply and separate peripheral power to protect your computer
and ensure safe operation.

» Opto-isolated signal interfaces to enhance computer protection from electrical interference.

« Multiple input interfaces to define functions such as limit switches, emergency stop, and cutter
alignment, enhancing safety and operational efficiency.

» Wide input voltage range (24V) with reverse polarity protection, ensuring reliable performance
and safeguarding against incorrect power connections.

» 0-10V analog voltage output for inverter control, allowing precise adjustment of cutting speed.

> SPECIFICATIONS

Table 3.3: Specifications Breakout Board
Electrical proportional (ambient temperature Tj =25)

Input Power USB Port to Directly get Power from PC
Compatible Stepper Motor Driver Max 4-2 Phase Microstep Controllers
Driver Type Pulse and Direction Signal controller
Net/Total Weight Approx 27g
Dimension 90*70*20 mm

3.4.1.2 PLASMA GENERATION UNIT

Plasma Generation Unit of the "KeyGree CUT-70S" type. This machine is used for
precise metal cutting using plasma technology, where compressed gas is passed through a
narrow nozzle and an electric arc is generated, converting the gas into high-temperature
plasma, enabling fast and efficient metal cutting.

Figure 3.5: Plasma Generation Unit
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3.4.1.3 DMA860H STEPPER MOTOR DRIVER
The DM860H is a driver for stepper motors, an essential part in CNC systems and other
applications where precise control of motor movement is important.

Figure 3.6: DMAB860H Stepper Motor Driver

3.4.1.4 LIMIT SWITCH OF MODEL TL-Q5MC1

Figure 3.7: Limit Switch
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3.4.1.5 STEP-DOWN TRANSFORMER (220V to 70V)

A step-down transformer, is an electrical device designed to convert the voltage from 220
volts to 70 volts. This type of transformer is used in applications that require lowering the
voltage to operate devices or systems that run on 70 volts instead of 220 volts, ensuring
safe and efficient operation.

Figure 3.8: Step-Down Transformer

3.4.1.6 POWER SUPPLY (24V, 12A)

This is a power supply (24V, 12A) that converts AC to DC. It’s used in industrial
applications, featuring a metal casing with ventilation slots and a fan for heat dissipation
and stable performance.

2 =P
& (Mo

Figure 3.9: Power Supply
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3.4.1.7 STEPPER MOTOR

NEMA 34 is a stepper motor with a (86x86x115 mm) faceplate and 1.8° step angle (200
steps/revolution). Each phase draws 5.6 A, allowing for torque of 8.5 N.M NEMA 34
Stepper motor is generally used in Printers, CNC machine, Linear actuators and hard
drives. Stepper motors are a very practical technique of moving things to a desired
position since they operate in steps and you can precisely control how many steps you
travel in each direction. They are therefore excellent for most CNC applications.

Figure 3.10: Stepper Motor

> SPECIFICATIONS

Table 3.4: Stepper Motor Specifications

NEMA 34 Stepper Motor Specifications
Rating 60V
Current Rating 5.6A
Holding Torque 8.5 N.m
Step Angle 1.8 deg
Steps Per Revolution 200
No. of Phases 2
Motor Length 115mm
No. of Leads 4
Inductance Per Phase 11mH
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3.4.1.8 EMERGENCY STOP PUSH BUTTON

Figure 3.11: Emergency Stop

3.4.2 MECHANICAL COMPONENTS

Mechanical components are the active parts that make up the structure and moving parts of
mechanical systems. Here's an overview of some common mechanical components in CNCs.

3.4.2.1 RAIL GUIDE 25MM &BLOCK 25MM

Figure 3.12: Rail Guide 25mm & Block 25mm.
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3.4.2.2 HELICAL/STRAIGHT TEETH RACK 1400MM
1.25 module 22mm x 25mm helical/straight rack 1400mm with M5 hole spacing of
100mm for CNC mounting.

Figure 3.13: Helical Teeth Rack

3.4.2.3 R55 25MM X 57TMM PLASTIC CABLE WIRE HOLDER

Figure 3.14: Wire Holder
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3.4.2.4 CNC GEARBOX WITH 5:1 RATIO

Gearbox with a 5:1 ratio, Helical Gear Teeth, 1.25 module, Gear Rack Reducer.

Figure 3.15: CNC Gearbox 5:1 Ratio

3.4.2.5 C-BEAM LINEAR ACTUATOR

The C-Beam linear actuator is a mechanical device used to convert rotational motion into
linear motion using a motor and a lead screw. It consists of an aluminum C-shaped frame
with a central lead screw, along which a movable platform is mounted on rails and moves
back and forth based on the screw s rotation. This type of actuator is known for its
strength and precision and is commonly used in applications requiring linear motion,
such as CNC machines.

Figure 3.16: C-Beam Linear Actuator
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3.4.2.6 MANUAL DISTRIBUTOR

Figure 3.17: Manual Distributor

3.4.2.7 OIL DISPENSER

S Outlet/Inner hole diameter : 4Amm

| | | | |

1 Inlet/Inner hole diameter : 4mm

Figure 3.18: Oil Dispenser
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3.4.2.8 GALVANIZED SQUARE IRON TUBE THICKNESS 3
Galvanized square iron tube with dimensions of 120x120 mm and a thickness of 3 mm.
This type of tube is commonly used in applications that require corrosion resistance along
with strength and durability, such as metal structures, and various construction works.

a—

Figure 3.19: Galvanized Square Iron Tube

3.4.2.9 SCREW

Table 3.5: Types of Screw

B18.3.1M - 10 x 0.9 x 30 Hex SHCS -- 20NHX

B18.3.1M - 8 x 0.6 x 20 Hex SHCS -- 12NHX

B18.3.1M - 8 x 0.4 x 10 Hex SHCS -- 12NHX

24



CHAPTER 4: MATHEMATICAL &
SIMULATION

4.1 THE TORQUE REQUIRED TO MOVE THE X-AXIS
4.1.1 COMMENTS:

Bridge Mass (m): 70 kg
Total Force Acting on the Y-Axis (Fy): 687 N

Normal Force (N): Half of the total force acting on one side of the Y-axis: N = % = 343.5N

the coefficient of frictionis p = 0.15

Frictional Force (Ff): Calculated as Fr = 0.15x687 = 103.05N

Pulley Radius (R): 0.2 mm

Torque from Mass (T;,,): T, =0.2x 70 = 14 N-m

>F=14+4103.05=117.05 N-m The Force Required to Calculate the Torque to Move It
Moment Arm (r): r =0.015m

Opposing Torque (T;): T;=117.05x0.015 = 1.75575 N-m

Small Radius (R,): 1.35cm

Large Radius (R;): 7cm

Trotq; = 1.75575x 1735 = 0.34 N-m Total Torque
Trmotor = O'P;j = 0.177 N-m Torque per Motor
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4.2 SIMULATION FOR A BASE WITH WATER TABLE

4.2.1 MODULE INFORMATION

Model name: Assem cnc last7
Current Conﬁguration: Default

Weight:8.13144 N

Solid Bodies
Document Name and . . Document Path/Date
Reference Treated As Volumetric Properties Modified
Boss-Extrudet
Mass:0.829739 kg
Volume:0.000107758 m™"3 C:\Users\lenovo\Desktop'
Solid Body Density:7,700 kg/m" 3 L:ta sl ba\angal . SLDPRT
Weight:8.13144 N
Mass:0.829739 kg
Volume:0.000107758 m*3 C:\Users\lenovo\Desktop\
solid Body Density:7,700 kg/m™3 Seda dacahas\angal . SLDPRT
Weight:8.13144 N
Mass:0.8529739 kg
Volume:0.000107758 m"3 C:\Users\lenovo\Desktop\
Boss-Extrude solid Body Density:7,700 kg/m™3 ssda dlansha\angal . SLDPRT

26




4.2.2 STUDY PROPERTIES

Study name Static 1
Analysis type Static
Mesh type Solid Mesh
Thermal Effect: On

Thermal option

Include temperature loads

Zero strain temperature 298 Kelvin

Include fluid pressure effects from SOLIDWORKS | Off

Flow Simulation

Solver type Automatic

Inplane Effect: Off

Soft Spring: Off

Inertial Relief: Ooff

Incompatible bonding options Automatic

Large displacement Off

Compute free body forces On

Friction Off

Use Adaptive Method: Off

Result folder SOLIDWORKS document

[C:\Users\lenovo\Desktoph 2 2ady =N New folder)

4.2.3 UNITS

Unit system: SI (MKS)

Length/Displacement mm

Temperature Kelvin

Angular velocity Rad/sec

Pressure/Stress N/m*"2
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4.2.4 MATERIAL PROPERTIES

Model Reference Properties Components

Hame: Alloy Steel SclidBody 1{Boss-

Model type: Linear Elastic [sotropic | Extrudel)(angal-1),
Default failure Max von Mises Stress SolidBody 1{Boss-

criterion: Extrudel){angal-2),
Yield strength: 6.20422e+08 N/m™2 SclidBody 1{Boss-

Tensile strength: 7.23826e+08 N/m"2 Extrudel){angal-3),
Elastic modulus:  2.1e+11 N/m"2 SolidBody 1{Boss-

Poisson's ratio: (.28 Extrudel){anzal-4),
Mass density: 7,700 kg/m™3 SclidBody 1{Boss-

Shear modulus:
Thermal expansion
coefficient:

7.9e+10 N/m"2
1.3e-05 /Kelvin

Extrudel){angal-3),
SolidBody 1{Boss-
Extrudel){angal-4),
SolidBody 1(Boss-
Extrudel){angal-7),
SolidBody 1{Boss-
Extrudel){angal-8),
SclidBody 1{Boss-
Extrudel){heigh120t1850-1),
SolidBody 1{Boss-
Extrudel){heigh120t1850-2),
SclidBody 1(Cut-
Extrudel){heigh120t3000-1),
SolidBody 2({Boss-
Extrudel){heigh120t3000-1),
SclidBody 1(Cut-
Extrudel){heigh120t3000-2),
SolidBody 2({Boss-
Extrudel){heigh120t3000-2),
SolidBody 1{Boss-
Extrude1)(lengh50t1425-1),
SolidBody 1(Boss-
Extrude1)(lengh50t1425-2),
SolidBody 1(Boss-
Extrude)(lengh50t1425-3),
SolidBody 1(Boss-
Extrude1){lengh50t 1425-4),
SolidBody 1(Boss-
Extrude1){lengh50t1750-1),
SolidBody 1{Boss-
Extrude1)(lengh50t1750-2),
SolidBody 1(Boss-
Extrude1){lengh50t1750-3),
SolidBody 1(Boss-
Extrude1)({lengh50t1750-4),
SolidBody 1(Boss-
Extrude1){lengh50t2900-1),
SolidBody 1(Boss-
Extrude1}{lengh50t2900-2),
SolidBody 1{Boss-
Extrude1){lengh50t3000-1),
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4.2.5 LOADS AND FIXTURES

Fixture name Fixture Image Fixture Details

Entities: 6 face(s)
Type: Fixed Geometry

Fixed-1
A
Resultant Forces
Components X Y I Resultant
Reaction force(N) -0.000823975 63,448 0.00292969 63,448
Reaction Moment(N.m) 0 0 0 0
Load name Load Image Load Details

Entities: 11 face(s)
Type: Apply normal force
Value: 5,768 N

Force-1
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4.2.6 INTERACTION INFORMATION

Interaction

Interaction Image

Interaction Properties

Global Interaction

Type:
Components:
Options:

Bonded

1 component(s)
Independent
mesh

4.2.7 MESH INFORMATION

Mesh type

Solid Mesh

Mesher Used:

Blended curvature-based mesh

Jacobian points for High quality mesh

16 Points

Maximum element size 98.0704 mm
Minimum element size 98.0704 mm
Mesh Quality High
Remesh failed parts independently Off

4.2.8 MESH INFORMATION - DETAILS

Total Nodes 29961
Total Elements 14481
Maximum Aspect Ratio 182.19
% of elements with Aspect Ratio < 3 0
Percentage of elements with Aspect Ratio > 10 100
Percentage of distorted elements 0

Time to complete mesh(hh;mm;ss): 00:00:22
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4.2.9 RESUITANT FORCES

Selection set Units Sum X Sum Y Sum Z Resultant
Entire model N -0.000823975 63,448 0.00292969 63,448
Reaction Moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire model N.m i} 0 0 0
Free body forces|
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N 0.0332031 -0.0264282 -0.00274658 0.0425258
Free body moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m i} 0 0 1e-33
Name Type Min Max
Stress1 VON: von Mises Stress 5.103e+05N/m"2 2.699e+08N/m"2
Node: 422 Node: 25165

Model name: Assern ¢

Study name: Static 1(-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: 29,8431

Assem cc-Static 1-Stress-Stress1

von Mises (N/m~2)
2695408
2430e+08
. 2160e <08
. 1.891e.08
1.621e+08
1.352¢+08
. 1.088e¢+08
o B8.133e+07
5435 +07
2.745e+07
5.103e+05

— Yield strength: 6.204e +08

Name Type Min Max
Displacement1 URES: Resultant Displacement | 0.000e+00mm 1.005e+01Tmm
Node: 27693 Node: 25889
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Model name: Assern ¢C
Study name: Static 1(-Default-)

Plot type: Static displacement Dusplacementl

Deformation scale: 29,6431

it

Assem cc-Static 1-Displacement-Displacement1

URES (mm)

1.005e+01

9.047e+00

. 80420400
. 703700
. 6.032¢+00

5.026¢+00

. A4021e+00

. 3.016e+00

2011e+00
1.005e+00

1.000e-30

Name

Type

Min

Max

Straini

ESTRN: Equivalent Strain

2.590e-06
Element: 1107

1.097e-03
Element:

12252

Model name: Assemn cc

Study name: Static 1(-Default-)
Plot type: Static strain Strainl
Deformation scale: 29,8431

s

Assem cc-Static 1-Strain-Straini

ESTRN

549604
33
22
11

25

1.097e-03
L 0873-04
. BTS04
. 7655604

6.5591Te-04

| 2404

0Ge-04
4e-04
20e-04

e -06

Name Type Min Max
Factor of Safety1 Automatic] 2.29%9e+00 1.216e+03
Node: 25165 Node: 422
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4.3 SIMULATION OF THE MAXIMUM STRESSABLE
POINT AT THE BASE

4.3.1 RESUITANT FORCES

Reaction forces

Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N -4.24385e-05 1,471.5 -1.90735e-05 1,471.5
Reaction Moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 0
Free body forces
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N 0.000396907 0.000877857 5.12302e-05 0.000964776
Free body moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 1e-33
Name Type Min Max
Stress1 VON: von Mises Stress 3.557e+02ZN/m"~2 1.604e+06N/m"~2
Node: 26528 Node: 28027

Deformation scale: 35,973.9

sk

Model name: Assem enc last?
Study name: Satic 2(-Defauk-)
Plot type: Static nodal stress Sresst

Assem cnc last7-Static 2-Stress-Stress1

von Mises (N/m*2)
1.604e « 06
l 1444e+06
- 1.283e+06
. 1123e+06
- 262605
B022e+05
E 6418405
. 4.815¢+05
3.211e+05
1.607¢«05
3.557e 02

P Yield strength: 6204¢ +08

Name Type Min Max
Displacement1 URES: Resultant Displacement 0.000e+00mm 8.362e-03mm
Node: 27625 Node: 3750
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Model name: Assem cnc last?

Study name: Satic 2(-Defauk-)
Plot type: Static displacement Displacement]
Deformation scale: 35,973.9

URES (mm)
836203

. 7.526e-03

. 6.68%-03
. 5.853e-03
5007603
4181e-03
3.345¢-03
L 2.50%-03
1.672-03
2362e-04

1,000e-30

B

Assem cnc last7-Static 2-Displacement-Displacement1

Name Type Min Max

Strain1 ESTRN: Equivalent Strain 2.041e-09 6.074e-06
Element: 12802 Element: 13802

Model name: Assem cnc last?
Study name: Ratic 2(-Default-)
Plot type: Static strain Stranl
Deformption s¢ale: 35,973.9

ESTRN
6.074¢-06
l 5466e-06
- 4.85%-06
. 4252e-06
. 3.645e-06
3,039¢-06
2437e-06
L 1.823¢-06
1.216e-06

6.092¢-07

2.04%e-09

Assem cnc last7-Static 2-Strain-Straini
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CHAPTER 5: IMPLEMENTATION

5.1 PRODUCTION PROCESSES IN CNC PLASMA

The production processes in CNC Plasma begin by transforming ideas into tangible
products. This involves carefully selecting metal materials, focusing on properties that
ensure optimal performance during manufacturing.

5.1.1 WHAT IS CNC PLASMA CUTTING?

It is the process of cutting electrically conductive materials with an accelerated jet of hot
plasma. Steel, brass, copper and aluminum are some of the materials that can be cut with
a plasma torch. CNC plasma cutter finds application in automotive repair, fabrication
units, salvage and scrapping operations, and industrial construction. The combination of
high speed and precision cuts with low cost makes the CNC plasma cutter widely used
equipment.

5.2 SEARCH FOR SYSTEMS AND SOFTWARE

First, the search for the programs necessary to operate the three-axis system, as well as the
programs necessary to generate the G-code three axes, commensurate with the programs
operating the system, then the Mach3 program was the operating program for the system
of the machine.

5.3 DESIGN (CAD) STAGE

Designing the elements of the machine using the Solidwork program, then we assembled
all the pieces.
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5.3.1 DESIGN STAGES OF OUR MACHINE

As part of our graduation project, we designed and manufactured a CNC plasma
machine, an advanced tool used for cutting and shaping iron with high precision and
efficiency. This project aims to provide a technical solution that meets the needs of
modern industry. Our design consists of three main stages, each playing a crucial role in
achieving the final goal. Let’s review these stages:

5.3.1.1 STAGE ONE: STRUCTURE AND WELDING

In this stage, we begin by assembling the basic structure of the machine. Advanced
welding techniques are used to ensure the strength and durability of the frame. Materials
are carefully selected to ensure the machine can withstand high pressures during
operation. This stage is the foundation upon which everything else is built, ensuring that
the structure is strong and stable enough to support the other components.

Figure 5.1: Stage One

36



5.3.1.2 STAGE TWO: WIRING AND CONNECTIONS

After completing the structure, we move on to the second stage, which involves wiring
and connecting the components to form the machine’s electrical circuit. High-quality
wires and advanced electronic components are used to ensure the efficiency and safety of
the electrical system. The wires are carefully connected to ensure there are no faults that
could affect the machine’s performance. This stage requires high precision and advanced
technical knowledge to ensure everything works correctly.

Figure 5.2: Stage Two
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5.3.1.3 STAGE THREE: MACHINE OPERATION

In the final stage, we focus on testing and operating the machine. We ensure that everything
runs smoothly and that the machine can cut and shape iron with high precision. Multiple
tests are conducted to ensure performance quality and system stability. Once everything is
confirmed to be working perfectly, we begin using the machine in practical applications,
demonstrating its efficiency and ability to achieve the desired goals.

Figure 5.3: Stage Three
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5.4 COMPUTER AIDED MANUFACTURING (CAM)

Computer-Aided Manufacturing (CAM) software is used to generate tool paths and
cutting instructions for the CNC machine. The Art Cam program and The Sheet Cam
program were used in order to create a tool path for the designed pieces that need to be
manufactured by CNC machines.

5.5 CNC CONTROL SOFTWARE
5.5.1 MACH 3

Mach3 is a software that transforms a computer into a control unit for CNC machines. It controls
the movement of the axes using stepper motors or servo motors by processing G-code commands
and converting them into electrical signals that precisely guide the motors. Mach3 is known for
its user-friendly interface, allowing for easy loading, monitoring of commands, and effective
machine control.

Config FunctonCfg's View Woards Operator  Plugls Comrel  Help

“C . +23.3583![ 70000
___-61.8685 |7 0000
a -9.5607. [+ s000

Program Run Al1 | MDI A2 | Tool‘clhmj Settings AlS Diagnostics Al |

=
Limits
e e e T
Recent File Single BLK AN | [ Torch OnORF5 | S FRO % é54
Close GCodo Revorso Run 7_1‘ . THC . Reset I 100 = :
Load G Cade | Curr 0.000 __Fixture 1G5 |
I = Fixture 2 (G55) |
T Block Deiete | THC Speed 20 " J
__ SetNextUnes | M1 Optional Stop |1 y Flxrure 3 (GS6)
Stop Line: 0 . ::Z:I‘n' ;ggg i 600, Fixture 4 (GS7)_|
<Alt-S» _ Run From Here_| [cvise | -J. Feedrate et [ e e _I
6.00 ork 01
...... Press Reset .. Eme smzes00:00:00 UnitsMin 0.00 THC Min Speed | [
_ GLodes | MCodes | I Jog ONOFF Carl Al l UnitsiRev 0.00 60 %

ReConfigurafion Estop

Figure 5.4: Mach3 Interface
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5.5.1.1 MACH3 SETTING

Setup Units: Choose “MM’s” in Config->Set Default Units for Setup.

Uitz for Motor Setup Dialog

* Mb's " lnches

| 0] I

Figure 5.5: Setup Units

Click “Config”->"Ports and Pins” on Main Interface.

& Mach3 CNC Controller

File | Config Function Cfg's View Wizards Operator Plugin Cont
Select Native Units
Motor Tuning
General Config...
System Hotkeys
Homing/Limits
ToolPath
Slave Axis
Backlash
Fixtures....
ToolTable.....
Config Plugins

Spindle Pulleys..
Safe_Z Setup..
Save Settings..

Figure 5.6: Main Interface.
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Enter in “Port Setup and Axis Selection” to set “Port#1” and “Kernel Speed” shown as
below.

Engine Configuration... Ports & Pins

Port Setup and Axs Selection | Motor Outputs | Input Signals | Output Signals | Encoder/MPG's | Spindle Setup | Mill Options |

Pot#l ——————— | [Patgz——————— ~MaxNC Mode
OR
™" Port Enabled [¥ Max CL Mode enabled
[Bc000  Port Address I~ Max NC-10 Wave Drive
Entry in Hex 0-9 A-F only Program restart necessary
[~ Pins 2-9 as inputs ey —
I~ Sherine 1/2 Pulse mode.
~ Kemel Speed ™ ModBus InputOutput Support
g7e 25000Hz»  35000Hz (" 45000Hz (" 60000hz I~ ModBus Plugln Supported.
" 65000hz ¢ 75000hz " 100khz [~ TCP Medbus support
Note: Software must be restarted and motors rstuned if ll: oy Dn\(en ?enal Kax o)
kemel speed is changed. Servo Senal Link Feedback

Figure 5.7: Port Setup and Axis Selection

Click “Motor Outputs” to set it shown as below.

Engine Configuration... Ports & Pins

Port Setup and Axis Selection  Motor Outputs llnpmSlgna!sl Output Signals | Encoder/MPG's | Spindle Setup | Mill Options |

Signal Enabled Step Pin= Dir Pin= Dir LowActi... | Step Low A... | Step Port Dir Port
X Axis 4 2 3 4 9 1 1
Y Axis o V4 V 5 x « 1 ‘ 1
Z Axis < - 6 ‘7 < x 1 ‘ 1
A Axis x 0 0 x x 0 0
B Axis x 0 .0 x x 0 ‘0
C Axis x 0 VO x x 0 ‘ 0
Spindle x 0 ‘ 0 x x 0 0

Figure 5.8: Motor Outputs
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Click “Input Signals” to set it shown as below.

Engine Configuration... Ports & Pins

Port Setup and Axis Selection | Motor Outputs  Input Signals | Output Signals | Encoder/MPG's | Spindle Setup | Mill Options |

| A

Signal Enabled ' Port= I Pin Number | Active Low | Emulated | HotKey
X++ 4 3 2 4 4 0

"= x 3 |2 L k4 0

X Home o 3 2 X x lo

Y ++ o 3 3 o 4 0

Y- ¥ 3 3 4 k4 0

Y Home of 3 3 x x |o

Z++ & 3 4 & o 0

Z— ¥ 0 o k4 k4

ZHome 4 3 4 & 4 IO

Pins 10-13 and 15 are inputs. Only these 5 pin numbers may be used on this screen
Automated Setup of Inputs |

Figure 5.9: Input Signals

Click “Output Signals” to set it shown as below.

Engine Configuration... Ports & Pins

Port Setup and Axis Selection | Motor Outputs | Input Signals  Output Signals | Encoder/MPG's | Spindle Setup | Mill Options |

ok |[ Cancel |

Apply

Signal

Enabled

l Port=

I Pin Number

| Active Low

| ~

Output =1

Output #2

Output =3

Output =4

3

0

Output =5

Output #6

Charge Pump

Charge Pump2

Current Hi/Low

Nde =T

XN KN AN N XX

oo o ofjulelo o]

s ololo of=feoo]

Pins 2-9, 1, 14, 16. and 17 are output pins. No other pin numbers should be used.

Figure 5.10: Output Signals
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Click “Config”->" Motor Turning” on Main Interface.

& Mach3 CNC Controller

File

Config

Function Cfg's

Select Native Units

Ports and Pins

General Config...

System Hotkeys
Homing/Limits
ToolPath

Slave Axis
Backlash
Fixtures....
ToolTable.....
Config Plugins

Spindle Pulleys..

Safe_Z Setup..
Save Settings..

View

Wi

zards Operator

Plugin Cont

| A2 j ToolPath Alt4

Setti

Figure 5.11: Motor Turning

Click “Motor Turning and Setup” to set it shown as below

Motor Tuning and Setup

© 00
N0 -

o6

th

°
'S

N

2

Velocity mm's per Minute
Q
N L4

Q
-

X - AXIS MOTOR MOVENMENT PROFILE

0z

03

0=

0s

06

Time in Seconds

07

08 0.8
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Figure 5.12: Motor Turning and Setup
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CHAPTER 6: CONCLUSION AND
FUTURE WORK

6.1 CONCLUSION

This thesis represents a significant step in the design and development of a three-axis
CNC plasma machine. By focusing on improving the precision and efficiency of the
manufacturing process, we have provided new insights into enhancing performance and
effectiveness in cutting operations. This work emphasizes improvements in usability and
control, allowing operators to perform complex tasks with greater effectiveness. Overall,
this study contributes to advancing the applications of CNC plasma machines and opens
new avenues in manufacturing technology.

6.2 FUTURE WORK

This thesis represents an important step towards developing a three-axis CNC plasma
machine, with significant potential for future improvements. Future work includes
integrating artificial intelligence techniques to enhance the precision and speed of the
cutting process, developing a more interactive and intuitive user interface, and improving
the machine's ability to cut a variety of materials while increasing its energy efficiency.
Additionally, enhancing integration with advanced CAD/CAM systems can facilitate the
conversion of digital designs into precise cutting operations, contributing to greater
machine efficiency and expanding its applications across various industries.

44



REFERENCES

[1]. Kumar A, Singh V. Design and fabrication of a 3-axis CNC plasma cutting machine:
An industrial perspective. J Manuf Process. 2021,64:178-87.

[2]. Zhang Y, Liu X. Optimization of CNC plasma cutting parameters for improved
efficiency and quality. Int J Adv Manuf Technol. 2020;106(9-12):4179-89.

[3]. Patel R, Desai V. Advances in 3-axis CNC plasma cutting technology: Design,
implementation, and performance evaluation. Procedia CIRP. 2019;83:211-6.

[4]. Lee S, Park J. Development of a high-precision CNC plasma cutting machine for
academic and industrial applications. J Manuf Sci Eng. 2018;140(4):041002.

[5]. Wang L, Chen H. Design considerations for enhancing the performance of 3-axis
CNC plasma cutting machines. J Manuf Process. 2021;63:454-63.

[6]. Gupta N, Sharma R. Integration of control systems in 3-axis CNC plasma cutting
machines: A case study. Int J Mach Tools Manuf. 2020;155:103592.

[7]. Brown T, Miller P. Enhancing the accuracy of CNC plasma cutting systems through
improved hardware and software integration. J Manuf Syst. 2019;52:116-24.

[8]. Kim H, Cho S. Experimental study of cutting quality in 3-axis CNC plasma cutting
machines. Mater Manuf Process. 2018;33(4):425-32.

[9]. Zhao X, Yang M. Performance analysis of a locally designed 3-axis CNC plasma
cutter. J Mech Eng Autom. 2020;9(2):45-53.

[10]. Hernandez M, Garcia A. Design and implementation of a 3-axis CNC plasma
cutting system with a focus on local manufacturing. Procedia Manuf. 2019;34:170-8.

[11]. Johnson M, Liu Y. Development of a CNC plasma cutting machine for industrial
applications. Mach Tools Manuf. 2017;121:102-9.

[12]. Lee J, Park H. Precision enhancement techniques for CNC plasma cutting systems.
J Manuf Sci Technol. 2016;42(3):211-9.

[13]. Wang Y, Zhang Q. Performance evaluation of 3-axis CNC plasma cutting systems:
A case study. Int J Adv Manuf Technol. 2018;98(5-8):1689-99

45



APPENDIX A: NEMA34 STEPPERMOTOR

Am Nema 34 Stepper Motor

Nema 34 Stepper Motor

Nema 34 hybrid bipolar stepper motor is a permanent magnet stepper motor with an end face size of
86mm x 86mm. Nema 34 stepper motor with high torque is used for CNC machine, 3D printer and robot
arm, etc. It is simple structure, small size and easy assembly. ATO high torque stepper motor at low cost,
including 2 phase open loop, 3 phase open loop and 2 phase closed loop, can be controlled by AC or DC
digital stepper controllers for precise position control.

2 Phase Open Loop Stepper Motor

86 )
3z L 2521 e " @
2,le efede 4-$865 % 47" op-25:0018
=1 - +-—
By : : :
~ C\ v ;Q

§ a o B = |¢g§b -

Y o [em—— . . 2 8| ¢pDnh7 | = !
o 1 @ 2 | *
- [+

NType PType 32
[ , JType
10,1

L=300 & 10mm

Rated Holding Phase Phase Rotor Lead Motor
Current  Torque Resistance Inductance Inertia Wires Weight
(A) (N.m) (2) (mH) (g-cm?) = (NO.) (Kg)

FY86ES350A 80 35 4.50 1.0 4.4 1500 4 2.00
FYS86EMA400A 94 4.0 6.00 0.8 35 2700 4 2.80
FY8GELA00A 18 118 4.0 8.50 0.97 5.5 4100 4 3.80
FY86EC500A 150 5.0 12.0 1.20 6.0 6200 4 5.20
ATO Automation Technologies Online € www.ato.com & sales@ato.com @ Global Shipping 1
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ATO

Nema 34 Stepper Motor

Technical Specification
Shaft Diameter

Step Angle Accuracy
Resistance Accuracy
Inductance Accuracy
Temperature Rise
Ambient Temperature
Insulation Resistance
Dielectric Strength
Shaft Radial Play
Shaft Axial Play
Radial Max. Load
Axial Max. Load
Warranty Period
Certificate

Wiring Diagram

14mm/ 12.7mm

+5% (Full Step, No Load)
+10% (20°C)

+20% (1KHz)

80°C Max. (rated current, 2 phase on)
-20C~+50TC

100MQ Min. 500vVDC
1Min. 500VAC

0.02Max. 450g Load
0.08Max. 450g Load
75N

15N

12 months

CE, ROHs, FCC

o E = @ - § @
Red/Blue
B Yeliow/Blue
@ A= Black A=

Green A- Yellow/Black
Purple
/Brown
B+ B- B+ B- B+ B-
Red Blue White/Brown Purple/Green White Greoen
it ear Parallel connection Series connection
(for high speed) (for low speed)
ATO Automation Technologies Online € www.ato.com &4 sales@ato.com (<] Global Shipping 2
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A I o Nema 34 Stepper Motor

Speed-Torque Curve Diagram

Constant Current Driver Power Supply Voltage: DC24V
12 | I”.H.-—-
| *‘n.
FY86ECS500A
10 |
8 [T e onTINN
— |
2 6 FY86EM400A \
z T Ty
% FY86ES350A TN ||
2 |
g 4 I m N
= ) FYB6EX320A [ T
1
0
" 0.1 1 (3 10
Pulse Frequency (kHz)
0 30 300 1500 Full step

1.8°/ step
Speed (r/min)

ATO Automation Technologies Online & www.ato.com & sales@ato.com @ Global Shipping
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ATO

Nema 34 Stepper Motor

3 Phase Open Loop Stepper Motor

Specification
30:05 I 1521
e ety
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Motor Rated

Length = Current

(mm) (A)
FY86TM200A 97 20
FY86TC320A 1.8 145 32
FY86TL300A 125 3.0

ATO Automation Technologies Online
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Holding Phase Phase Rotor Lead
Torque Resistance | Inductance @ Inertia = Wires
(N.m) (Q) (mH) (g.cm?)  (NO.)
4.00 4.65 14.6 2400 3 2.80
8.50 2.60 9.57 4560 3 4.70
6.00 2.00 8.00 3480 3 3.80
€ www.ato.com & sales@ato.com @ Global Shipping 4



ATO

Nema 34 Stepper Motor

Technical Specification
Shaft Diameter

Step Angle Accuracy
Resistance Accuracy
Inductance Accuracy
Temperature Rise
Ambient Temperature
Insulation Resistance
Dielectric Strength
Shaft Radial Play
Shaft Axial Play
Radial Max. Load
Axial Max. Load
Warranty Period
Certificate

Wiring Diagram

Red

Yellow V Biue

14mm

+5% (Full Step, No Load)
+10% (20°C)

+20% (1KHz)

80°C Max. (rated current, 2 phase on)
-20C~+50TC

100MQ Min. 500VDC
1Min. 500VAC

0.02Max. 450g Load
0.08Max. 450g Load
75N

15N

12 months

CE, ROHs, FCC

ATO Automation Technologies Online € www.ato.com & soles@ate.com [} Global Shipping 5
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A I o Nema 34 Stepper Motor

Speed-Torque Curve Diagram

Constant Current Driver Power Supply Voltage: AC200V
9 Lo 1
LBLBLARLAL T -
8 FY86TC320A
7 \
Z 6
3 FY86TL300A| [T,
@ 5 N
2 N\
e 4
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3 HHHH—— 8
2 FYB86TS180A A
~~~~..
0 : i
- 0.1 1 5 10
Pulse Frequency (kHz)
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Speed (r/min) 1.8° / step

ATO Automation Technologies Online & www.ato.com & sales@ato.com @ Global Shipping
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A I o Nema 34 Stepper Motor

2 Phase Closed Loop Stepper Motor

Specification
o
o
1.6
A
8| o
o| °¥
H OCI’ — sl o B 11
o
o I 25, ‘;
e e H|©
1 T <|®
3
10] |,
40 | L Y
< < » L4
%
J L16.510.1
Motor Rated | Holding Phase Phase Rotor | Lead Motor
Length = Current | Torque @ Resistance Inductance Inertia | Wires = Weight
(mm) (A) (N.m) (2) (mH) (g.cm?) | (NO.) (Kg)
FY86EC620BC1 172 6.2 12.00 0.65 5.6 5600 4 5.00
FY86EM620BC1 1.8 102 6.2 4.50 0.34 25 1800 4 2.10
FY86EL620BC1 134 6.2 8.20 0.45 4.7 3600 4 3.60
ATO Automation Technologies Online & www.ato.com & sales@ato.com @ Global Shipping 74
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A I o Nema 34 Stepper Motor

Shaft Diameter 12mm

Step Angle Accuracy +5% (Full Step, No Load)
Resistance Accuracy +10% (20°C)
Inductance Accuracy +20% (1KHz)
Temperature Rise 80C Max. (rated current, 2 phase on)
Ambient Temperature -20C~+50C

Insulation Resistance 100MQ Min. 500vVDC
Dielectric Strength 1Min. 500VAC

Shaft Radial Play 0.02Max. 450g Load
Shaft Axial Play 0.08Max. 450g Load
Radial Max. Load 220N

Axial Max. Load 60N

Warranty Period 12 months

Certificate CE, ROHs, FCC

Motor & Encoder Wiring Diagram

2 4' Motor End| Color Function
e =
Motor Wiring [ 2 Red B+
R e
1 3 4 Black At

Encoder Color Function

1 Blue EA+

Blue/White]  EA+
Orange EB+

HE
Encoder Wiring [ I@
[l

Orange/
White i

Nl
-~ o | & w |~

Red vee
8 Black GND
Encoder Shield
ATO Automation Technologies Online € www.ato.com & sales@ato.com @ Global Shipping 8
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ATO

Nema 34 Stepper Motor

Speed-Torque Curve Diagram

Constant Current Driver

Power Supply Voltage: DC80V

e e
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b
g 7 b
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1 \\
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APPENDIX B: USER MANUAL - DMA860H

User’s Manual

DMAS60H

Fully Digital Stepper Drive

Version 1.0
©2012 All Rights Reserved
Attention: Please read this manual carefully before using the drive!

% Leadshine Technology Co.. Ltd.

3/F, Block 2, Nanyou Tianan Industrial Park, Nanshan Dist, Shenzhen, China
T: (86)755-26409254 F: (86)755-26402718

Web site: www.leadshine.com  E-Mail: sales@leadshine.com

©2012 by Leadshine Technology Company Limited.
All Rights Reserved
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1. Introduction, Features and Applications

Introduction

The DMASG60OH is a fully digital stepper drive developed with advanced DSP control algorithm based on the latest
motion control technology. It has achieved a unique level of system smoothness, providing optimal torque and nulls
mid-range instability. Its motor auto-identification and parameter auto-configuration feature offers quick setup to

optimal modes with different motors. Compared with traditional analog drives, DMA860H can drive a stepper motor at

much lower noise, lower heating, and smoother movement. Its unique features make DMAS60H an ideal choice for

high requirement applications.

Features

Anti-Resonance provides optimal torque and nulls mid-range instability

Motor auto-identification and parameter auto-configuration technology, offers optimal responses with different
motors

Multi-Stepping allows a low resolution step input to produce a higher microstep output, thus offers smoother
motor movement

16 selectable microstep resolutions including 400, 800, 1600, 3200, 6400, 12800, 25600, 51200, 1000, 2000, 4000,
5000, 8000, 10000, 20000, 40000

Soft-start with no “jump” when powered on

Input voltage 18-80VAC or 26-113VDC

8 selectable peak current including 2.40A, 3.08A, 3.77A, 4.45A, 5.14A, 5.83A, 6.52A, 7.20A

Pulse input frequency up to 200 KHz, TTL compatible and optically isolated input

Automatic idle-current reduction

Suitable for 2-phase and 4-phase motors

Support PUL/DIR and CW/CCW modes

Over-voltage, over-current protections

Applications

Suitable for a wide range of stepping motors, from NEMA size 23 to 42. It can be used in various kinds of machines,

such as X-Y tables, engraving machines, labeling machines, laser cutters, pick-place devices, and so on. Particularly

adapt to the applications desired with low noise, low heating, high speed and high precision.

2. Specifications

Electrical Specifications (T; = 25°C/77°F)

P DMAS860H

Min Typical Max Unit

Output Current 1.0 - 7.2 (Peak) A
: 18 48 80 VAC
gt Voitage 26 68 113 vVDC
Logic Signal Current 7 10 16 mA
Pulse input frequency 0 - 200 kHz

Pulse Width 2.5 - - uS
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Pulse Voltage - 5 - vDC
Isolation resistance 500 MQ

Operating Environment and other Specifications

Cooling Natural Cooling or Forced cooling
Environment Avoid dust, oil fog and corrosive gases
Ambient Temperature € = 50¢
Operating Environment Humidity 40%RH — 90%RH
Operating Temperature 70°C Max
Vibration 5.9m/s> Max
Storage Temperature -20C — 65T
Weight Approx. 620g (21.90z)

Mechanical Specifications

Figure 1: Mechanical specifications
*Rec d use side ting for better heat dissipation

Elimination of Heat

® Driver’s reliable working temperature should be <70°C(158 I ), and motor working temperature should be
<80°C(176°T);

® [t is recommended to use automatic idle-current mode, namely current automatically reduce to 50% when motor
stops, so as to reduce driver heating and motor heating;

® [t is recommended to mount the driver vertically to maximize heat sink area. Use forced cooling method to cool

2
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the system if necessary.

3. Pin Assignment and Description

The DMAS860H has two connectors, connector P1 for control signals connections, and connector P2 for power and
motor connections. The following tables are brief descriptions of the two connectors. More detailed descriptions of the
pins and related issues are presented in section 4, 5, 9.

Connector P1 Configurations

Pin Function Details
Pulse signal: In single pulse (pulse/direction) mode, this input represents pulse signal, each

PUL+ rising or falling edge active (set by inside jumper J1); 4.5-5V when PUL-HIGH, 0-0.5V when
PUL-LOW. In CW/CCW mode (set by inside jumper J2), this input represents clockwise (CW)

PUL- pulse. For reliable response, pulse width should be longer than 2. 5ps.
DIR signal: In single-pulse mode, this signal has low/high voltage levels, representing two

DIR+ directions of motor rotation; in CW/CCW mode (set by inside jumper J2), this signal is
counter-clock (CCW) pulse. For reliable motion response, DIR signal should be ahead of PUL
signal by 5us at least. 4.5-5V when DIR-HIGH, 0-0.5V when DIR-LOW. Please note that

DIR- rotation direction is also related to motor-driver wiring match. Exchanging the connection of
two wires for a coil to the driver will reverse motion direction.

ENA+ Enable signal: This signal is used for enabling/disabling the driver. High level (NPN control
signal, PNP and differential control signals are on the contrary, namely low level for enabling.)

ENA for enabling the driver and low level for disabling the driver. Usually left UNCONNECTED

(ENABLED).
Selecting Active Pulse Edge or Active Level and Control Signal Mode

There are two jumpers J1 and J2 inside the DMAB60H specifically for selecting active pulse edge and control signal
mode, as shown in figure 2. Default setting is PUL/DIR mode and upward-rising edge active. (Note: J3 inside the
driver is used to reverse the default rotation direction.)

(a) J1, J2 open circuit (b) J1 open circuit, J3 shirt circuit
PUL/DIR mode and Active at rising edge (NPN) PUL/DIR mode and active at falling edge (NPN)

B B8

(c) J1 short circwt, J3 open circuit (d) J1, J3 short circuit
CW/CCW mode and Active at rising edge (NPN) CW/CCW mode and active at falling edge (NPN)

Figure 2: J1 and J2 jumper Settings
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Connector P2 Configurations

Pin Function Details
AC . .
AC Power supply, 18~80 VAC or 26-113VDC, Including voltage fluctuation and EMF voltage.
A+ A- Motor Phase A
B+, B- Motor Phase B

4. Control Signal Connector (P1) Interface

The DMAB60H can accept differential and single-ended inputs (including open-collector and PNP output). The
DMAE60H has 3 optically isolated logic inputs which are located on connector P1 to accept line driver control signals.
These inputs are isolated to minimize or eliminate electrical noises coupled onto the drive control signals. Recommend
use line driver control signals to increase noise immunity of the driver in interference environments. In the following
figures, connections to open-collector and PNP signals are illustrated.

Controller Controller

vee PUL
PUL D—_E
DIR
m————]
DIR { | ENA+
ENABLE
! ENA- 4
7
ENABLE v I

Figure 3: Connections to open-collector Figure 4 Connection to PNP signal (common-cathode)
signal (common-anode)

5. Connecting the Motor
The DMA860H can drive any 2-pahse and 4-pahse hybrid stepping motors.
Connections to 4-lead Motors

4 lead motors are the least flexible but easiest to wire. Speed and torque will depend on winding inductance. In setting
the driver output current, multiply the specified phase current by 1.4 to determine the peak output current.
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P2

Figure 5: 4-lead Motor Connections

Connections to 6-lead Motors

Like 8 lead stepping motors, 6 lead motors have two configurations available for high speed or high torque operation.
The higher speed configuration, or half coil, is so described because it uses one half of the motor’s inductor windings.
The higher torque configuration, or full coil, uses the full windings of the phases.

Half Coil Configurations

As previously stated, the half coil configuration uses 50% of the motor phase windings. This gives lower inductance,
hence, lower torque output. Like the parallel connection of 8 lead motor, the torque output will be more stable at higher
speeds. This configuration is also referred to as half chopper. In setting the driver output current multiply the specified
per phase (or unipolar) current rating by 1.4 to determine the peak output current.

P2
A+
A_
NC
B+
B- NC

Figure 6: 6-lead motor half coil (higher speed) connections

Full Coil Configurations

The full coil configuration on a six lead motor should be used in applications where higher torque at lower speeds is
desired. This configuration is also referred to as full copper. In full coil mode, the motors should be run at only 70% of
their rated current to prevent over heating.

P2
A+
o N
B+
B_

Figure 7: 6-lead motor full coil (higher torque) connections

Connections to 8-lead Motors

8 lead motors offer a high degree of flexibility to the system designer in that they may be connected in series or parallel,
thus satisfying a wide range of applications.
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Series Connections

A series motor configuration would typically be used in applications where a higher torque at lower speeds is required.
Because this configuration has the most inductance, the performance will start to degrade at higher speeds. In series
mode, the motors should also be run at only 70% of their rated current to prevent over heating.

P2
A+
A-

B+
B_
Figure 8: 8-lead motor series connections

Parallel Connections

An 8 lead motor in a parallel configuration offers a more stable, but lower torque at lower speeds. But because of the
lower inductance, there will be higher torque at higher speeds. Multiply the per phase (or unipolar) current rating by
1.96, or the bipolar current rating by 1.4, to determine the peak output current.

P2
A+
A-

B+
B_

Figure 9: 8-lead motor parallel connections
6. Power Supply Selection

The DMAB60H can match medium and small size stepping motors (from NEMA frame size 17 to 34) made by
Leadshine or other motor manufactures around the world. To achieve good driving performances, it is important to
select supply voltage and output current properly. Generally speaking, supply voltage determines the high speed
performance of the motor, while output current determines the output torque of the driven motor (particularly at lower
speed). Higher supply voltage will allow higher motor speed to be achieved, at the price of more noise and heating. If
the motion speed requirement is low, it’s better to use lower supply voltage to decrease noise, heating and improve
reliability.

Regulated or Unregulated Power Supply

Both regulated and unregulated power supplies can be used to supply the driver. However, unregulated power supplies
are preferred due to their ability to withstand current surge. If regulated power supplies (such as most switching
supplies.) are indeed used, it is important to have large current output rating to avoid problems like current clamp, for
example using 4A supply for 3A motor-driver operation. On the other hand, if unregulated supply is used, one may use
a power supply of lower current rating than that of motor (typically 50% ~— 70% of motor current). The reason is that
the driver draws current from the power supply capacitor of the unregulated supply only during the ON duration of the
PWM cycle, but not during the OFF duration. Therefore, the average current withdrawn from power supply is
considerably less than motor current. For example, two 3A motors can be well supplied by one power supply of 4A
rating.
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Multiple Drivers

It is recommended to have multiple drivers to share one power supply to reduce cost, if the supply has enough capacity.
To avoid cross interference, DO NOT daisy-chain the power supply input pins of the drivers. (Instead, please connect
them to power supply separately.)

Selecting Supply Voltage

The power MOSFETS inside the DMA860H can actually operate within +24 ~ +80VDC, including power input
fluctuation and back EMF voltage generated by motor coils during motor shaft deceleration. Higher supply voltage can
increase motor torque at higher speeds, thus helpful for avoiding losing steps. However, higher voltage may cause
bigger motor vibration at lower speed, and it may also cause over-voltage protection or even driver damage. Therefore,
it is suggested to choose only sufficiently high supply voltage for intended applications, and it is suggested to use
power supplies with theoretical output voltage of +20 ~ +68VDC, leaving room for power fluctuation and back-EMF.

7. Selecting Microstep Resolution and Driver Output Current
This driver uses an 8-bit DIP switch to set microstep resolution, and motor operating current, as shown below:
Dynamic Current Microstep Resolution
[1]2[3]4[5[6]7]8]
|

Standstill Current (half/full)

Microstep Resolution Selection

Microstep resolution is set by SW5, 6, 7, 8 of the DIP switch as shown in the following table:

S w0 ON ON ON

Lo o
4w ow on o o
s e o o o on
% mw or o on o
o= ew  on oN  oF o
e w0 o ox o o
s w0 o om o on
2% sa0 oW oW o oN
s w0 o oN o om
w0 aw  om on o om
~® aw  ox oW on o
3 sw o o on o
ow wo on o om o
s e o ox om0
e w0 ox o ow o
C w0 ww0 oW o o o
;
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Current Settings

For a given motor, higher driver current will make the motor to output more torque, but at the same time causes more
heating in the motor and driver. Therefore, output current is generally set to be such that the motor will not overheat for
long time operation.

Since parallel and serial connections of motor coils will significantly change resulting inductance and resistance, it is
therefore important to set driver output current depending on motor phase current, motor leads and connection methods.
Phase current rating supplied by motor manufacturer is important in selecting driver current, however the selection also
depends on leads and connections.

The first three bits (SW1, 2, 3) of the DIP switch are used to set the dynamic current. Select a setting closest to your
motor’s required current.

Dynamic Current Setting

REF Current Peak Current SWi1 SW2 Sw3
2.00A 2.40A ON ON ON
2.57A 3.08A OFF ON ON
3.14A 377A ON OFF ON
3T71A 445A OFF OFF ON
4 28A 5.14A ON ON OFF
4 86A 5.83A OFF ON OFF
543A 6.52A ON OFF OFF
6.00A 7.20A OFF OFF OFF

Notes: Due to motor inductance, the actual current in the coil may be smaller than the dynamic current setting,
particularly under high speed condition.

Standstill Current Setting

SW4 is used for this purpose. OFF meaning that the standstill current is set to be half of the selected dynamic current,
and ON meaning that standstill current is set to be the same as the selected dynamic current.

The current automatically reduced to 50% of the selected dynamic current one second after the last pulse. Theoretically,
this will reduce motor heating to 36% (due to P=I*R) of the original value. If the application needs a different
standstill current, please contact Leadshine.

Auto Tuning by SW4

To get the optimized performance, switch SW4 two times in one second to identify the motor parameter after power-up
if it is the first time installation. The motor parameter is identified and the drive’s current loop parameters are
calculated automatically when SW4 is activated. The motor shaft will have a little vibration during auto-configuration.
If the user changes the motor or the power supply, don’t forget to toggle SW4 once again.
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: Auto Tuning Requirement and Procedure:
i 1. Motor is connected to drive.

3 Swi SWa sSwi
© 2. Power is connected to drive. : - | [ ]
! : — e
: 3. Turn on the power. : ‘, *’ 4
¢ 4. Make sure there is no pulse applied to drive. : oN ON o

OFF ON OFF

i 5. Switch SW4 two times in one second. That is
OFF-ON-OFF or ON-OFF-ON. :

8. Wiring Notes
®  In order to improve anti-interference performance of the driver, it is recommended to use twisted pair shield cable.

® To prevent noise incurred in PUL/DIR signal, pulse/direction signal wires and motor wires should not be tied up
together. It is better to separate them by at least 10 cm, otherwise the disturbing signals generated by motor will
easily disturb pulse direction signals, causing motor position error, system instability and other failures.

® If a power supply serves several drivers, separately connecting the drivers is recommended instead of

daisy-chaining.

® It is prohibited to pull and plug connector P2 while the driver is powered ON, because there is high current
flowing through motor coils (even when motor is at standstill). Pulling or plugging connector P2 with power on
will cause extremely high back-EMF voltage surge, which may damage the driver.

9. Typical Connection

A complete stepping system should include stepping motor, stepping driver, power supply and controller (pulse
generator). A typical connection is shown as figure 10.
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DM860H

Controller
VCC =5V
PUL+ 2700

vee PUL- }_*’K_—
Pase — | [T

DIR+ 2700
g m— o
DIR- *’K_

ENA+ 2700

Direction—'sw
—— —_—
ENA- *’f:

Enable i P
A-
B+

Recommended Power Supply
20~ 72VAC

N

Figure 10: Typical connection

10. Sequence Chart of Control Signals
In order to avoid some fault operations and deviations, PUL, DIR and ENA should abide by some rules, shown as
following diagram:

50

S T Tty R L High Level>3, 5V

iHigh Level>3.5V

Low Level<0.5V

o
DIR [1a7oKe | JAR/CCH
| M

t,25ps| i i
M Low Level<0. 3V

PUL/DIR CW/Ccew
Figure 11: Sequence chart of control signals

Remark:
10
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a)

tl: ENA must be ahead of DIR by at least Sus. Usually, ENA+ and ENA- are NC (not connected). See
“Connector P1 Configurations” for more information.

b) t2: DIR must be ahead of PUL effective edge by Sus to ensure correct direction;

¢) t3: Pulse width not less than 2 5us;

d) t4: Low level width not less than 2. 5us.

11. Protection Functions

To improve reliability, the driver incorporates some built-in protections features.

Time(s) of
Blink

Ist 1 Hp M

Priority Sequence wave of red LED Description

Over-current protection activated when peak

current exceeds the current limit.

Over-voltage protection activated when drive

2nd 2 LR M

working voltage exceeds the voltage limit.

When above protections are active, the motor shaft will be free or the red LED blinks. Reset the driver by repowering it

to make it function properly after removing above problems.

12. Frequently Asked Questions

In the event that your driver doesn’t operate properly, the first step is to identify whether the problem is electrical or
mechanical in nature. The next step is to isolate the system component that is causing the problem. As part of this
process you may have to disconnect the individual components that make up your system and verify that they operate
independently. It is important to document each step in the troubleshooting process. You may need this documentation
to refer back to at a later date, and these details will greatly assist our Technical Support staff in determining the
problem should you need assistance.

Many of the problems that affect motion control systems can be traced to electrical noise, controller software errors, or
mistake in wiring.
Problem Symptoms and Possible Causes

Symptoms Possible Problems

No power

Mitor e mof rokatin Microstep resolution setting is wrong
otor is not ro
- DIP switch current setting is wrong

Fault condition exists

11
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The driver is disabled
Motor phases may be connected in reverse
DIP switch current setting is wrong
Something wrong with motor coil
Control signal is too weak
Control signal is interfered
Wrong motor connection
Something wrong with motor coil
Current setting is too small, losing steps
Current setting is too small
Motor is undersized for the application
Acceleration is set too high
Power supply voltage too low
Inadequate heat sinking / cooling
Automatic current reduction function not being utilized
Current is set too high

APPENDIX

Twelve Month Limited Warranty

Leadshine Technology Co., Ltd. its prod against defects in materials and workmanship for a period of 12 months from

P

shipment out of factory. During the warranty period, Leadshine will either, at its option, repair or replace products which proved to be
defective.

Exclusions

The above warranty does not extend to any product damaged by of improper or inadeq handlings by customer, improper or

inadequate customer wirings, unauthorized modification or misuse, or operation beyond the electrical specifications of the product and/or
peration beyond envi | specifications for the p

Obtaining Warranty Service

To obtain warranty service, a returned material authorization number (RMA) must be obtained from customer service at e-mail:
tech@]leadshine.com before returning product for service. Customer shall prepay shipping charges for prod d to Leadshine for
warranty service, and Leadshine shall pay for return of products to customer.

12
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Warranty Limitations

Leadshine makes no other warranty, either expressed or implied, with respect to the product. Leadshine specifically disclaims the implied
warranties of merchantability and fitness for a particular purpose. Some jurisdictions do not allow hmitations on how long and implied
warranty lasts, so the above limitation or exclusion may not apply to you. However, any implied warranty of merchantability or fitness 1s

limited to the 12-month duration of this written warranty.

Shipping Failed Product
If your product fail during the warranty period, e-mail customer service at tech@leadshine com to obtain a returned material authorization

number (RMA) before returning product for service. Please include a written description of the problem along with contact name and

address. Send failed product to distributor in your area or: Leadshine Technology Co_, Ltd. 3/F. Block 2. Nanyou Tianan Industrial Park,

Nanshan Dist, Shenzhen, China. Also enclose information regarding the circumstances prior to product failure.

Contact Us

China Headquarters
Address: 3/F, Block 2, Nanyou Tianan Industrial Park, Nanshan District Shenzhen, China
Web: http://www _leadshine com

Sales Hot Line:

Tel: 86-755-2643 4369 (for All)

86-755-2641-7674 (for Asia, Australia, Africa areas)
86-755-2640-9254 (for Europe, America areas)

Fax: 86-755-2640-2718

Email: sales(@leadshine com.

Technical Support:
Tel: 86 755-2641-8447 and 86-755-2647-1129
Fax: 86-755-2640-2718

Email: tech@leadshine.com.
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Leadshine U.S.A

Address: 25 Mauchly, Suite 318 Irvine, California 92618

Tel: 1-949-608-7270

Fax: 1-949-608-7298

Web: http://www.leadshineUSA.com

Email: sales(@leadshineUSA com and support(@leadshineUSA com.

Leadshine Hong Kong

Address: Rm 3, 9/F, Block E, Wah Lok Industrial Center,31-41 Shan Mei St., Fo Tan, Shatin, Hong Kong
Tel: 852-2952-9114

Fax: 852-2952-9395

Email: hk sales@leadshine.com.
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