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Module 1: Operate CNC Machining Center

Module descriptor: This unit covers the skills, knowledge, and attitudes required to operate a CNC machining
center, including basic diagnostics features and settings, power on and power off, work holding, cutting tool
selection, speed and feed calculation, and Prograrmbpad

Nominal time: 30 hours
Learning outcome:

1. Prepare CNC Machining Centre.
2. Select cutting tools
3. Perform CNC Machining Center using Controller

Performance criteria:

1. Safety protocols anBPErequirements are reviewed and followed before starting any machine operatior
2. Types of CNC machining centand an overview of thecomponentsre understood and identified.

3. Air pressure, coolant level, and lubrication oil are checked to ensure proper machine functioning.

4. CNC machining center is powered on and off according to standard operating procedures.

5. ATC (Automatic Tool Change) function is performed to ensure proper tool handling during machining.
6. The workpiece is clamped securely using the appropriate clamping kits.

7. Various types otutting toolsandinsertsare identified based on the material.

8. Appropriate sequence of cutting tools for the machining is selected.

9. Tool and tool holder are loaded onto the machine to ensure stability during the machining process.
10. Appropriatecutting parameterare followed according to the job material specifications.

11. CNC machine axes positioning is performed using the Manual Pulse Generator (MPG).

12. Control panel main buttons and soft keys are used for machine adjustments.

13. Machine panel buttons and switches are identified and selected.

14. MDI mode is executed and created as required for the operation.

15. Memory modsds executed.

16. Overrides keysare performed.

17. Work offset and tool offset are set and adjusted.

Learning outcomel.1:Prepare CNC Machining Centre.
Content:

Machine main breaker

Voltage stabilizer

Air pressure valve

Oil and grease level indicator
Power on and off switch

Machine powetup button

CNC controller and keyboard
Automatic tool changer

Work holding and clamping devices
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Assessment criteria:

Safety protocols anBPErequirements are reviewed and followed before starting any machine operation.
Types of CNC machining centand an overview of theaomponentare understood and identified.

Air pressure, coolant level, and lubrication oil are checked to ensure proper machine functioning.

CNC machining center is powered on and off according to standard operating procedures.

ATC (Automatic Tool Change) function is performed to ensure proper tool handling during machining.
The workpiece is clamped securely using the appropriate clamping kits.

ook wphrE

Resources:
1. Workplace (simulated or actual)
CNC Machine
Work holding device, vice, etc.
CNC controller
Memory stick
Sample part/model
Measuring instruments
Job specifications, drawings, or work instructions
. Job operation sheet.
10. Stationary
11. Learning manual

©CoNOGO A WD

Learning activity 1.1-1:

Learning activity Resources/Special instrumentation/Referenc

Information sheet:1-1
Self-check: 1.11
Answer key: 1.11

Job sheet: 1:1

Prepare CNC Machining Centre.
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Information sheet 1.21:

1.1.1 Introduction to the CNC Machining Center.

A CNC (Computer Numerical Control) Machining Center is an automated manufacturing machine tool used f
precision machining of complex parts. Unlike manual machines, all operations are directegiogmammed
computer commands, ensuring high accuragyeatability, and efficiency in producing components from various
materials.

Common Types of CNC Machining Centers:
- 3-Axis Machine: Capable of linear movements in X, Y, and Z directions; most common for prismatic parts

- 5-Axis Machine: Additional rotational axes (A and B) allowing complex contour machining from multiple
angles

Major Components and Their Functions.

Machine
Interface

Workholding

/ Vice
Base/
Frame
CNC Milling Center

1. Controller:

- The "brain” of the CNC machine

- Interprets Gcode programs and converts them into electrical signals

- Provides user interface for program input, editing, and machine control

2. Spindle Head:

- Houses the main spindle that rotates cutting tools

- The rotating part of the machine that holds and drives the cutting tool.

Controlled by the CNC system to achieve different speeds and directions (CW/CCW).



3. Tool Magazine:

- Storage system for multiple cutting tools {180+ tool capacity)

- Types: Carousdlype, chairtype, or disktype magazines

- Works with ATC for automatic tool changes during program execution
4. Table:

- Work surface for mounting workpieces and fixtures

- T-slots for securing vises and clamping kits

- May include rotary tables for 4#xis operations

5. Base:

- Main structural component providing stability and vibration damping
- Constructed from cast iron or polymer concrete for rigidity

- Contains way systems for axis movements

6. Servo Motors and Drive System

Provide power and precise control for axis movement (X, Y, Z).
Feedback systems ensure accuracy and repeatability.

7.Tool Changer (ATC1 Automatic Tool Changer)
Automatically changes cutting tools as per the program, reducing manual intervention and machining time.

8. Coolant System:
- Circulates cutting fluid to:
- Reduce heat generation
- Improve surface finish
- Extend tool life
- Flush away metal chips
- Includes pump, tank, filter, and nozzles

9. Chip Conveyor System:

- Automatically removes metal chips (swarf) from machining area

- Prevents chip accumulation that could damage machine components
- Types: Hinged belt, magnetic, or screw conveyors

Machine Installation & Utility Requirements

The reliable operation of a CN@achiningCenter depends not only on the machine itself but also on the exter
utilities that power and support it. This section details the essential electrical and pneumatic requirements, inc
their standard specifications and necessary supporting comppt@rgnsure a stable and efficient production
environment. Proper installation of these utilities is fundamental for achieving optimal machine performance
longevity.



A. Electrical Power Supply
A stable and clean electrical supply is critical for the opanatial longevity of a CNC Machinir@enter.

Figure : AC Power Supply

Three-Phase AC Supply
The primary power source for the machine's main drive motors, hydraulic pumps, and cooling systems.

Standard Voltage and Frequency415V AC, 50Hz. Regional variations include 400V/50Hz in Europe and
480V/60Hz in North America.

Current Rating: Typically ranges from 32A to 63A per phase for medsired machines, depending on the
spindle motor power. The specific requirement is provided by the machine tool builder.

Required Component:To ensure the proper Electric Power Supply, a major component is used, which is a
voltage stabilizer.

FigurephaSkreeltage stabil.i

Purpose:Protects the sensitive CNC system and servo drives from voltage fluctuations and power spikes.
Specification: Must be rated for the machine's total KVA consumption. A tolerance of plus or minus 10 percel
of the nominal voltage is generally acceptable for the machine, but the controller requires a much tighter
tolerance.

Pneumatic Air Supply

Compressed air is essential for various pneumatic functions on the machine. Most of the types of CNC Mact
requirea Pneumati@ir supply ensure precise operations.

-
)

Figure Penumatic Suppl)y
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The specifications for the pneumatic supply are mentioned below:



Air Pressure and Quality Specifications:
Required Pressure:Standard operating pressure is typically ranges between 6 bar to 9 bar depending on the
machine types, which is 85 to 130 PSI. The machine will have a specified range, often 5.5 to 7 bar.

6 bar

Air Flow Capacity: The compressor and supply line must deliver sufficient CFM, or Cubic Feet per Minute, tc
meet the machine's peak consumption.

Air Quality: Must be clean and dry.
Required Components:The required components to ensure the Pneumapiply have been described below:
Air Compressor: Generates the compressed air.

Specification: Must be sized to meet the machine's CFM requirements with a working pressure exceeding the
machine's requirement.

Compressor

Air Dryer, either Refrigerated or Desiccant Type:
Removes moisture from the compressed air to prevent corrosion and damage to pneumatic components.

Figure : Air Dryer

Line Filter and Lubricator: The filter removes particulates and residual moisture. The lubricator adds a fine c
mist to lubricate pneumatic cylinders and valves.



F i g uineFilter and Lubricator

Start/Home Machine

CheckList Buttons
Work Area: Clear

Air Supply: On/Correct
A Fanucrequiresat least70PSlIfor tool
changer tmperate.

Main Breaker: On

POWER ON: Press

[l EnsureEmergencyStop is not
trippedlf it is, twistredknobright to
release.
Wait until messagd 02 SERVOSOFF
appeardeforeproceeding.

RESET: Press RESET

POWER ON

PowerOn Restart: Press
A Ensuredoorsare closedandwork area POWER UP

is clear.
A Allow all machineaxesto homebefore RESTART
proceeding.

Shut Down CNC

Check List Buttons



1 | Removetool from spindle:
A Enterthe numberof an emptytoolcarousel.
A SelectATC FWD ATCFWD

2 | JogMachine to SafeArea:
A SelectJog

3 | Shut Down Button: Press
POWER OFF

Pog Power-Down Checklist:

A Wipe spindlewith asoftcleanragto removecoolantandpreventrusting.

Putawaytools.

Cleanupwork area.

Always leavethe machine tools, andequipmentin the sameor betterconditionthanwhenyou

foundthem.

> > > >

Load Tools & Unload

Move Spindle to Tool Change Position

1. PressIOGmode.

2. Move the spindle head tosafe heightising theZ-axis handle

3. Bring the spindle to thmol change positiof o f t en aut omati c by pressin
command).

Select Tool Change Mode

Depending on your machine type:

1 If it has anAutomatic Tool Changer (ATC)
o SelectMDI mode.
o Input the following command:
o TO1MO6;
Y Thi s sefleet @ool¢hndexecute tool change

o Pres<Cycle Starto load the tool automatically.
T | f imanda toohloadingnachine:
o PressTool Releasdutton on the panel or spindle head.
o Insert the tool holder into the spindle taper.
o Release the button tdamp the tookecurely.

¢ N~ e .
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Tool holder with cutting tools

Clamping device

Clamping is a vital process in wood manufacturing assures that the wood pieces remain firmly in place
during cutting, drilling, sanding, gluing, and finishingithout clamping, woodworkers would struggle to
maintain the precision and accuracy required to createchiglity products

1. Machine Vice
1 Description:The most common workholding device. The workpiece is held between two jaws (fixed ar
movable).

1 Types:
o Plain Vice:Manually operated; for general use.
o Swivel Vice:The base can rotate to set the workpiece at different angles.
o Universal Vice:Adjustable in both horizontal and vertical planes.

1 Applications:ldeal for rectangular or square jobs.

T-Bolt and Clamping Kit (Step Clamp Set)

1 Description:Includes Fnuts, Fbolts, step blocks, and clamps used to fasten irregular or large workpiec
directly to the machine table.

Applications:Suitable for large, heavy, or odthaped components where a vice cannot be used.

T AdvantageProvides strong and flexible clamping. coupling Nut

f
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| T-slot Nut



V-Block with Clamp

1 Description:V-shaped block that supports cylindrical workpieces.
1 Applications:For holding round bars or shafts during milling or drilling operations.
1 FeatureThe fAVO groove ensures firm seating.

Selection of Clamping Device Depends On:

Shape and size of workpiece
Type of machining operation
Required accuracy and finish
Production quantity

PonPR



Job clamping in &€NC milling machine is one of the most important steps before machidinig ensures the
workpiece is held securely, accurately, and safely during cutting operations. Improper clamping can cause
vibration, tool damage, poor surface finish, or even accidents.

Step-by-step procedure for job clampingin a CNC Machining Center:

1. Preparation

1 Clean the machine table and workpiece:
Remove chips, oil, and dirt from the tablesIbts, and workpiece surface to ensure a flat and stable
setup.
1 Select suitable clamping devices:
Based on job shape and size, choose appropriate devices like:
o Step clamps or strap clamps
o Vise (machine vice)
o Fixture or jig
o Magnetic or vacuum chuck (for ndarrous or thin parts)

2. Position the Workpiece

1 Place the job roughly at the desired machining location om#whine tableor fixture .
1 Ensure enough space for tool movement and safe clearance for spindle travel.
1 If using amachine vice ensure:

o The vice is aligned parallel to the machine axis (usualfxis).

o The job is placed flat on the vice bed.

3. Align the Workpiece

1 Use adial indicator or edge finderto align one side of the workpiece parallel to the machine axis.
1 Tighten the clamps slightly, check alignment, then fully tighten.
9 Recheck after full tightening to ensure ali

4. Clamping Operation

Tighten clamps evenly and progressively to prevent job tilting.
Usestep blocksunder the clamps to maintain parallel force.
Placepacking piecesf the job surface is irregular.

Ensure clamping bolts are properly positioned-igidts (not at slot ends).
Avoid excessive clamping force that may distort thin jobs.

=a =4 -8 —a -9

5. Verify Setup

7 Rotate the spindle or move the tool around the job manually (in jog mode) to ensurerbere is
collision with clamps or fixtures.

1 Check the rigidity of setup by tapping lightly the job should not move.

1 Set work offsets (e.g., G54) once clamping and alignment are complete.

6. Safety Check

71 Ensure all clamps are tight and secure before starting the spindle.
1 Never reach near the rotating spindle or moving parts.
1 Use safety guards if available.



Example of Common Clamping Methods

Job Type Clamping Device Remarks Job Type

Machine vice or step

Ensure flat contact Rectangular block
clamp

Rectangular block

Custom fixture or step

Irregular castin
g g clamp

Use packing pieces | Irregular casting

Vacuum or magnetic

Thin plate chuck

Avoid distortion Thin plate

V-blocks with strap

Circular part
clamps

Use parallel supports | Circular part

Selfcheck: 1.%1

Mention two advantages of using CNC machining centers compared to manual machines.
Write the function of the spindle head and tool magazine.

What is the purpose of the coolant system in a CNC machining center?

List any four major components of a CNC machining center.

What are the utilities required for CNC machine installation?

Describe the function of the air dryer in the pneumatic system.

What steps should be taken before powering ON a CNC machine?

NoosrwbdE

Answer key: 1.:1

1. Mention two advantages of using CNC machining centers compared to manual machines.
1 High accuracy and repeatabili@NC machines operate with computer control, reducing human error.
1 Increased productivityAutomated tool changes and continuous operation reduce setup and machining
time.
2. Write the function of the spindle head and tool magazine.
1 Spindle HeadHolds and rotates the cutting tool at controlled speeds and directions (CW/CCW).
1 Tool MagazineStores multiple cutting tools and works with the Automatic Tool Changer (ATC) for
automatic tool changes during machining.
3. What is the purpose of the coolant system in a CNC machining center?
1 Reduces heat generated during cutting.
1 Improves surface finish and extends tool life.
1 Flushes away metal chips and prevents tool or workpiece damage.
4. List any four major components of a CNC machining center.
1. Controller
2. Spindle head
3. Tool magazine
4. Machine table
(Other options: Base, Servo motors, Coolant system, Chip conveyor)
5. What are the utilities required for CNC machine installation?
1 Electrical Power SupplyStable thregohase AC power (415V, 50Hz) with voltage stabilizer.
1 Pneumatic Air SupplyClean, dry compressed aifi @bar) with air compressor, air dryer, and filter
lubricator.



6. Describe the function of the air dryer in the pneumatic system.
1 Removes moisture from compressed air to prevent corrosion and damage to pneumatic components
1 Ensures reliable operation of valves, cylinders, and tool changers by supplying clean, dry air.

7. What steps should be taken before powering ON a CNC machine?

Ensure work area is clear and air supply is ON.

Turn the main breaker ON.

PressPOWER ON(release emergency stop if tripped).

Wait for the ASERVOS OFFO0O message.
PressRESETand therPOWER ON RESTARTo home all machine axes.

A

Job Sheetl.1-1

Qualification Advance CNC Machining Center Operation and Practice
Learning unit: Prepare for a CNC machining center
Learner name:




Personal protective Apron, Hand gloves, goggles
Materials T CNC machine
Tools and Equipments 1 Vice
1 Clamping set
1 Spanner
Performance Criteria 1. Safety protocols andPPE requirements are reviewed a
followed before starting any machine operation.
2. Job and table cleaned properly
3. Correct clamping device selected
4. Workpiece aligned parallel to axis
5. Job clamped firmly without distortion
6. Safety rules followed

Notes The workpiece is correctly clamped, aligned, and ready for (
milling operations
Procedures: 1. Trainee will collect required PPE and materials/resourceg
2. Will use required PPE.
3. Cleanthe machine table,-$lots, vice, and workpiece
surface.
4. Place the vicen the machine table and lightly tighten with
T-bolts.
5. Align the viceparallel to the Xaxis using a dial indicator.
6. Insert the workpiecato the vice or place it directly on the
table (depending on shape).
7. Place step clampbusing a clamping kit, ensuring step
blocks are level.
8. Tightenthe clamps gradually and evenly using the spannég
9. Check alignmenof the workpiece with the dial indicator or
edge finder.
10. Ensure clearandeetween clamps and tool path.
11. Set work offset (G54after final alignment.
12. Verify rigidity by tapping gently with a soft hammr job

must not move.

Learner Signature: Date:
Assessor Signature: Date:
Quality assurer signature: Date:

Assessor Remarks:

Feedback

Learning outcomel.2 Select Cutting Tools

Content: The trainees will identify the following components.

1. Cutting tools



2. Inserts
3. Work piece materials
4. Cutting Parameters

Assessment criteria;

Various types of cutting tools are identified.

The appropriate sequence of cutting tools for an operation is selected.
Appropriate cutting tools for a specific material are selected.

Appropriate cutting parameters from the manufacturer's chart are followed.
Different types of cutting tools inserts are identified.

arwdE

Resources:

1. Cutting tools
Inserts
Raw materials
Information sheet
Holders
Collet set
PPE

NogakwhN

Learning activity 1.2-1:

Learning activity Resources/Special instrumentation/Referenc

Information sheet:.2-1
Self-check:1.2-1
Answer key:1.2-1

Job sheetl.21

Select cutting tools.

= = =4 =9

Information sheet 1.2-1:

A wide range of tool types and configurations are available for CNC milling machBiisesissing every
typevariation and use is beyond the scope of this course. This chapter introduces the most commonly
used tooldor prototype and shomun production machiningAny tool supply catalog willlist many

others.

Endmills (Flat, Ball, Bull andChamfer) Facenill
CornerRoundingtools

Slot Tools

Spoat-Center Drill

Twist Drill

Tap

Reamer

Counter bore

E R R |

End Mills



Milling toolsincludeflat, ball, bull noseandchamfer.

Fig.1.2-1: Mill tool Nose Types

W

Flat Ball Bull Cutting

Flat nosemills are usedfor milling 2D contoursand pockets.Ball nosemills are usedfor 3D milling.
Bull nose end mills have a radius corner. They are usedto createa fillet on the bottom of a wall.
Becausethey are sturdier than an end mill they are also sometimesused for roughing operations.
Chamfer mills have anangled nose used to create a chamfer or to de-burr parts

Number of Flutes

Milling tools usually have either two or four cutting flut@svo flute cutters provide more chip clearance
when milling in close aread-our flute mills are more rigid, can be fed faster, and are preferred when
greaterchip clearance is not requiresiichas when millingan outsidecontour.

Center-Cutting End Mills

Milling tools are either certer cutting or non center cutting. Center cutting mills can plunge straght down
into mateia, while non-center cutting tools canna.

Figure 1.2.2 below shows the cutting end view of a certer cutting and non-center cutting end mill.

Notice that the cutting edgesof the centercutting end mill continuesto the centerof the tool. The
centerof the othethas a small hole at the center. Non-center cutting end mills requre a pilot hole,
ramping or hdical motion to plungeinto material.

Cutting

Figure 1.2-2: End View of Center and Non-Center Cutting End Mill

FaceMill:
A face mill has cutting inserts that are replaced when worn. They are rigid, may have up to eight
or morecutting edges, and can remove material quickly. They are often used for the first machining



operation taquickly createaflat finishedfaceonthe part.

Carbide

Figure 1.2-3: FaceMill

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 come to a sharp point and resist bending, they locate the hole precisely. The conic helps prevent the
subsequentrill from wobblingandensure the drilis located preciseland drillsstraightdown.

Courtersink drill s are used to create the conical face for a maciine screw. Combined spotting-courtersnks
are usedo createa screwclearancenole andcountersinkn oneoperation.

There are many different sizes and tip angles of center, countersink, and combineBealsilse the
tip angle of the countersink matches the included angle of the machine screw, and that the drill
diameter igreater thamhe screwheaddiameter.

4

spottingDrill Countersink Combined

Figure 1.2-4: Countersink and Center Dirill

Twist Drill

Twistdrills areavailablein manydiametersandlengths Usuallymadeof high speedsteel carbide,
or cobalt,they may also be coated with titanium nitride (TiN) for longer life. The tip angle of most



twist drills is 118degrees.

Twist

Figure 1.2-5: Twist Drill

Taps

Cutting taps form threads by shearing material aw&prm taps (roll taps) form the thread by
forming themetal to shape. Form taps produce no chips and are used for soft materials including
aluminum, copperbrass angblastics.

L

SHllS

Bottoming Spiral Point

Figure 1.2-6: Taps

Bottoming taps are used to tap blind holeSpiral point taps push the chip ahead and out the bottom
of athroughhole.

Taps require a hole drill ed to the corred size to ensure the thread is formed propealy. For example, a



Y+ 20 cutting tap requires drilling a .201 (#7) hole. Refer to the drill chart in Appendix A to find the
correct drill sizéor a specifiedthreadsizeandfit.

Most CNC Machines support rigid tapping, which means the tap can be held in a rigid holder. The tap
is advanced at a feed rate that matches the thread lead into the hole. The spindle then stops, reverse!
andbacks oubf thehole.

Machines without rigid tapping require special
instructions as the speed, feed, and other machining parameters for tapping attachments may be differen
that thosdor rigid tapping.

Reamer

Usereamersto createholesof preciseshapeand excellentsurfacefinish. Reamedholesare usually
accuratavithin .0002inchesdiameter Forexample areamelis usedfor holesusedfor groundpinsand
bushings.

Reamers require a specific size hole be drilled before use. Cutting speeds and feeds are also important
Remove todittle or too muchmaterialandthe holewill not be thecorrect size.

Reamer
Figure 1.2-7: Reamer

Counter bore

A counter bore looks similar to a end mill with a pilot in the center. It is used to spot face holes,
and the piloensures thepotfaceis centeresdnthehole.

Counter borings not necessarywhen usinga CNC machine.Rather,createa spotface using
a pocketorcircle mill tool path. This saves having to buy and stock counter bore tools and pilots,
and the time requiretb load andset upthe counter bore.

Cutting Tool Fundamentals

RotationDirection

All tods (except left-handed taps) rotate clockwise (M3) when viewed from the madine spindle



looking down at the part.
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Y+

Figure 1.2-8: Clockwise Tool Rotation

Chip Formation
Cutting tools remove metal by shearing action as illustrated in Figure 11 below. As the tool advances in
thematerial itcauses a small amount thie materialto shearaway, forming ahip.

Tool Direction
<—

Shea

Workpiec

Figure 1.2-9: Chip Formation Diagram

Chip Load

The thickness of material sheared away by each cutting tooth is called the feed per tooth, or chip load.
As the chip is ejectedfrom the work areait carrieswith it someof the heatgeneratedy the shearing

process.



Chi — «—— Chip

4 Tool

X+

Figurel.2-10: Chip Load

A methodology for calculating cutting speeds and feeds is presented later in this chapter. One of the best
ways to validate cutting speeds and feeds is to observe the chips created by the machiningChipsess.
shouldbe curledandmay changecolor dueto heating.

After gaining some experience machinists are able to adjust cutting speeds and feeds based in part or
thesize,shape, andolor of chips and omhe sound produceby the cutting process.

Climb vs. Conventional Milling

Milling tools can advance through the material so that the cutting flutes engage the material at maximum
thickness andhendecreases teero. This is calle€limb Milling .

Cutting in the opposite direction causes the tool to scoop up the material, starting at zero thickness and
increasingo maximum. This is calledConventional Milling.



Conventional milling is used often on manual machines because backlash in the machine lead screws
causeghetool to lurch whenclimb cutting. This is not a problemon CNC machinesecausghey use
ball screws.

Conventionalmilling causeghe tool to rub againstthe cutting surface,work hardeningthe material,
generating heat, and increasing tool wear. Raking chips across the finished surface also produces &
poorersurfacefinish.

Unless specifically recommended by the tool manufacturer for the material being milled, always use
climb milling on a CNC. Climb milling producesfar less cutting pressureand heat,leavesa better
surfacefinish,andresults inlonger toollife.

— Cut Direction

' ~N Spindle Rotation
/ 4
\
— Climb Milling
4— Cut Direction

Ve ., Spindle Rotation

/ |
Y+ (%%5

ConventionalMilling

X+

Cutting Speeds and Feeds Formulas

The tool moves through the material at a specified rotational speed, defined in revolutions per
minute (RPM), and feed rate, defined in inches per minute (IPRéhbably the most vexing
problem for thebeginning CNC machinist is selecting proper cutting speeds and feeds. This
selection is actually mordifficult on a CNC than a manual mill because, with a manual mill, the
operator can feel the cutting pressareglalter thefeedbasedn part onthe cuttingforce.



CNC mills require calculating speeds and feeds in advdiase speeds and feeds can, and often
are,adjusted at the machine based on chip shape and color, cutting sound, and machine horsepower
meterreadings.

Cutting parameters are essential factors that affect the machining process's efficiency, quality, and tool life. T
key parameters include:

1. Cutting Speed (Vc)

The speed at which the cutting edge moves relative to thepieck.
Measured irmeters per minute (m/min)or feet per minute (ft/min).
Depends on material, tool type, and operation.
For mul a: Vc=" DN/ 1000V
Where:

o D = Work-piece or tool diameter (mm)

o N = Spindle speed (RPM)

=a =4 4 —a 9

2. Feed Rate (f)
1 The distance the tool moves per revolution or per tooth in milling and drilling.
1 Measured imm/rev (for turning) or mm/min (for milling and drilling) .
1 Formula for feed per minute (turning):
fm=frxN
Where:
o fr = Feed per revolution (mm/rev)
o N = Spindle speed (RPM)
1 Formula for milling:
fm=fzxZxN
Where:
o fz =Feed per tooth (mm/tooth)
o Z = Number of teeth
o N = Spindle speed (RPM)
3. Depth of Cut (ap)

1 The thickness of material removed in one pass.

1 Measured irmm.

1 Affects material removal rate (MRR) and tool life.
4. Material Removal Rate (MRR)

1 The volume of material removed per unit time.
1 Formula (turning):

MRR=Vcxfrxap

1 Formula (milling):



MRR=fmxapxW
Where W is the width of cut.
5. Spindle Speed (N)
1 Rotation speed of the spindle.
1 Measured irRevolutions Per Minute (RPM).
1 Formula:
N=1000T1 Vc/ DN
Where:

o Vc = Cutting speed (m/min)
o D =Tool or workpiece diameter (mm)

6. Cutting Force (Fc)
1. Axial Force (Ff)
This force acts along the axis of the workpiece (toward the chuck).
ltés represented by the horizont al red arrow i
2. Radial Force (Fp)

This force acts perpendicular to the workpiece axis (side direction).
ltdés shown as the vertical red arrow and tends

| F¢ = axial

Fp = radial

1 The force required to cut material.
1 Depends on feed rate, tool geometry, and material.

7. Tool Life & Surface Finish

1 Higher speeds increase tool wear but improve finish.
1 Lower feeds and depths of cut improve surface finish.

Self-check: 1.2-1

Name four types of end mills used in CNC milling.

What is the difference between center cutting andammter cutting end mills?
What is the function of a face mill?

Define chip load and state its importance.

Write the formula for calculating spindle speed (N).

Mention two differences between climb milling and conventional milling.

ogkhwnpE



7. State two functions of coolant in CNC machining.
Answer key: 1.21

1. Name four types of end mills used in CNC milling.

Flat End Mill

Ball Nose End Mill
Bull Nose End Mill
Taper End Mill

= =4 —a -8

(Other possible answers: Roughing End Mill, Corner Radius End Mill, Slot Drill, etc.)

2. What is the difference between center cutting andassnier cutting end mills?
Non-Center Cutting End Mill

Center Cutting End Mill

Can plunge directly into the material. Cannot plunge; only cuts sideways.

Used for side milling and contouring.

Used for pocketing and drilling operations

3. What is the function of a face mill?

1 A face mill is used to machine large, flat surfaces quickly and accurately.
1 It has multiple cutting inserts mounted on its face and periphery to remove material efficiently.

4. Define chip load and state its importance.

1 Chip Load: The thickness of material removed by each tooth of the cutter per revolution.

Feed Rate
(RPM x Number of Teeth)

Chip Load =

1 Importance:
o Determines surface finish quality.
o Affects tool life and cutting efficiency.
o Too high chip load Y tool wear; too | ow

5. Write the formula for calculating spindle speed (N).

B 1000 = V.
mx D

|
4

Where:

1 N = Spindle Speed (rev/min)



1 Vc = Cutting Speed (m/min)
1 D = Cutter Diameter (mm)

6.Mention two differences between climb milling and conventional milling.

Climb Milling (Down Milling)

Conventional Milling (Up Milling)

Cutter rotates in the same direction as feed.

Cultter rotates opposite to the feed direction.

Chip thickness starts maximum and reduces {
zero.

Chip thickness starts from zero and increaseg
maximum.

Better surface finish, less tool wear.

Higher tool wear, possible vibration.

7. State two functions of coolant in CNC machining.

1 Reduces heat generated during cutting.

1 Flushes away chips from the cutting zone.

1 Improves tool life and surface finish.



Job sheel.2-1
Name: Select cutting tools and identify them with cutting parameters.

Procedures:

1.

NoabkowN

Trainee will collect required PPE and materials/resources.
Will use required PPE.

Students will collect cutting tools and identify them.

Will identify inserts and attach properly.

Will understand tool geometry

Will identify workpiece material

Apply cutting parameters according to work piece material.

Specification sheet:

SL Item Quantities per trainees
01 Apron 1

02 Cutting tools 1

03 Holders 1

04 Inserts 1 set

05 Collet 1 set

06 Hand gloves, goggles 1 set




Job Sheel.2-1

Quialification

Advance CNC Machining Center Operation and Practice

Learning unit:

Select cutting tools

Learner name:

Personal protective

Apron, Hand gloves, goggles

Materials 1 Cutting tools
 Inserts
1 Workpiece materials
Tools and Equipments 1 Tool holder
1 Collet box
1 Spanner
Performance Criteria 1. Various types of cutting tools are identified.
2. The appropriate sequence of cutting tools for an operati
selected.
3. Appropriate cutting tools for a specific material are select
4. Appropriate cutting parameters from the manufacturer g
are followed.
5. Different types of cutting tools inserts are identified.
Notes
Procedures: 1. Trainee will collect required PPE and materials/resourceg
2. Will use required PPE.
3. Students will collect cutting tools and identify them.
4. Will identify inserts and attach properly.
5. Will understand tool geometry
6. Will identify work piece material
7. Apply cutting parameters according to work piece materig
Learner Signature: Date:
Assessor Signature: Date:
Quiality assurer signature: Date:

Assessor Remarks:

Feedback




Learning outcomel.3 Perform CNC Machining Center using Controller

Content: The trainees will identify the following components.

Control panel

Operational panel

Mode keys

Overrides keys

Work offset and tool offset

abkhwdE

Assessment criteria:

CNC machine axes positioning is performed using the Manual Pulse Generator (MPG).
Control panel main buttons and soft keys are used for machine adjustments.

Machine panel buttons and switches are identified and selected.

MDI mode is executed and created as required for the operation.

Memory modéds executed.

Overrides keysire performed.

Work offset and tool offset are set and adjusted.

NogabkwhPE

Resources:
1. Workplace (simulated or actual)
CNC Machine
Work holding device, vice, etc.
CNC controller
Memory stick
Sample part/model
Measuring instruments
Job specifications, drawings, or work instructions
. Job operation sheet.
10. Stationary
11. Learning manual

©oNOOG R WD

Learning activity 1.2:

Learning activity Resources/Special instrumentation/Referenc

Select cutting tools. Information sheet:1:3
Self-check: 1.31
Answer key: 1.31

Job sheet: 1:32
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Information sheet:1.3-1

Machine Warming up

In the actual machining after a lotgym standstill or movement to another facility, it may cause abnormal wear
on the transfer plane or adverse effect on each part due to thermal error. If this is the first time to purchase tt

machine or operated the aiane after a longerm standstill, always perform a warming up (idling) by the trained
and qualified personnel ondluse of machine

If main spindle temperature is below 20° C, perform sufficient warrampgdditionally.

The initial rotation of the main spindle is performed below the base speed

In the automatic operation, check the motion and function of machine's section simultaneously.

If you increase the RPM of main axis suddenly with machine CAUTIONubrication is nhot smoothly operated,

RPM should be slowly increased because of bearing sticking.
Make warmup program running all functions of machine.

Pay attention to warm up to maximize the axis speed.

Div. Operating Condition Operating Time
Stop within 3 days Stop beyond
3day
1step 1,000 r/min 10 Minutes 20 Minutes
2step 25% of Max. rotating | 5 Minutes 5 Minutes
speed
Spindle | 3step 50% of Max. rotating | 5 Minutes 5 Minutes
speed
4step 75% of Max. rotating | 5 Minutes 5 minutes
speed
5step 80% of Max. rotating | 5 Minutes 5 Minutes
speed
30 Minutes 40 minutes
Total
1step 1,000 mm/min 15 Minutes 20 Minutes
Shaft 2step 25% of Max feed spee( 15 Minutes 20 Minutes
30 Minutes 40 Minutes
Total




Operating Panel
Main Operating Panel

This chapter explains machine operation method for proper use and better understanding of the machine,
including the kinds of machine operation lever (buttons) and this function.

2.1.1 FANUC 0iMF/Oi-MF Plus/30i/31i/32i Series Main Operating Panel

S LT

EEEE OEEE
EEEE D
© © © © ®© © © ©
EEEN EENEN
. 6 © & © © o6 ©
EEENE BEEN
e © o © & © © o
EEEN NENN




Description of Switch
TableDescription of Switch

Switch

Description

Emergency Stop

Emergency Stop, Once pressed, it stops
whole operation such as axes travel and
spindle rotation. Turn it right to release the
button and press the Standby button, then
machine will be ready for operation.

Standby

The machine becomes in standby. If the
machine is ready for operation, the lamp o
this button will be illuminated., Used to
release a buzzer produced by an alarm.

Reset

Used to reset the PLC alarm message
without stopping the program or function.

Cycle Start

It runs the automatic operation., During
automatic cycle running, the green lamp i

up.

Feed Hold

It holds the automatic cycle running.,
During feed hold, the red lamp is lit up.
-Each axis decelerates and stop,

‘M, S, T code functions stop after finishing
operation.




OPERATING
Table Description of Switch (Continued)

Switch

Description

Auto Mode

(Memory Mode)

Used to call the machining program
stored in the, memory and runs auto
operation of called program.

MDI Mode

It is able to run immediately after a
machining program input directly.

Jog Mode

It can move each axis manually.

JOG Mode

If JOG mode is selected an
the axis select of MPG is
OFF, JOG mode will be

enabled. For a portable

MPG, if the side ENABLE
switch is OFF, it remains al
JOG MODE. If the JOG
mode is, selected, the lamy
will be illuminated

HANDLE
Mode

If JOG mode is selected an
the axis select of MPG is
ON, HANDLE mode will
be enabled. For a portable
MPG, press the

ENABLE switch, and
HANDLE mode will be
enabled. If the HANDLE
mode is selected, the lamp
will be not illuminated.




Zero Return Mode

Select manual zero return or automatic
zero return of each axis.,

For automatic zero return, select the mc
and press Cycle start button, then each
axis will automatically return home by
order of Z axis>X axis>Y axis->4axis
>5 axis Before zero return, check
interruption of all axes.

EDIT Mode Allows you to edit the registered
program.,
Allows you to search and call the
program

DNC Mode Allows you to operate the external

machine through LAN communication.,

For more detailed information,refer to N
Function

Program Restart

Allows you restart the program at the
block you want after the program is
stopped in Auto Mode. (Ex. After tool
damage).,

For more detailed information, refer to
NC Function

Handle interrupt

Allows you to move the axis to a
temporary position manually for
machining after the program is stopped
Auto Mode.For more detailed
information, refer to NC Function

Lamp Each lamp is lit up after each axis zero
return is completed

- X +X Use these buttons to move each axis in

VY JOG mode,and select feed rate with raf

- Z,+Z

- 4, +4

traverse or feed override switch.,If axis
feed button is pressed in zero return




5,45 mode, the selected axis will return to
reference point
Rapid
When rapid feed is required, press this
button,
together with axis select switch, then ax
will rapidly move as per selected %.,
Switch Description
1% 1% for machine axis rapid traversi
speed will be applied
25% 25% for machine axis rapid traver
speed will be applied
50% 50% for machine axis rapid traver
speed will be applied.
100% 100% for machine axis rapid

traverse speed will be, applied

Feed, Override

In Auto, MDI or JOG mode, contrd
feed rate each 10% in range from
to 200%.,

During automatic running,
commanded cutting feed rate is al
to control by 100%., This function
is ignored during threading and
tapping.,and it is fixed as 100%.

Tool number
display

Displays the tool number of

spindled, if pressed the spindle
select button SELICT for more thg
3 seconds, the standby tool (stang
POT) number appears.




Allows you to view the tool
information at the lower left of
monitor.,

- SP. T: Displays the tool number
spindles.,

-PT. T: Displays the tool number ¢
standby POT.,

START

In case the door is closed, press
Select and Start Buttons together
manual mode, then spindle starts
rotate., In case the door is open, t
spindle runs lower than 50r/min
only while two buttons are presse
together., The lamp is turned on
while spirdle runs.

Orientation

, If pressed ORT button in Manual
Mode, the spindle is located at the
spindle orientation position. If
orientation is completed, the lamp
is illuminated.

Stop

If spindle stop button is pressed a|
manual mode, spindle will stop.,

50r/min.,

Ll After power input at first time, command S code
MDI or Auto mode, then the spindle will rotate in
manual mode

, In case door is open, spindle rotates only at




Switch

Description

Spindle Override

In Auto or MDI mode, control
spindle overrides each 10% in
range from O to 150%., But it is
fixed as 100% during threading ar

tapping

Magazine Index

It is to command tool index per 1
step in JOG mode. While the
buttons are pressed, turret will kee
rotating.,

Single Block

During automatic program running
it continuously, stops at each 1
block running execution., Press
Cycle start button to run next sing
block.

Optional Stop

If pressed the button to enable the
function, the lamp is illuminated. If
reading 'MO1' in cycle start mode,
the, program and machine (spindl|
each axis, and coolant) will stop
temporarily. Press the Cycle Start
button to restart the program and
machine




Block Skip

, If the button is pressed to enable
the function, the lamp is
illuminated. Skip the block starting
with 'l and run the next block
automatically

Manual Door 1 Door dose, lamp on
1 Door open, lamp off

Auto Door, This can open and close the door

Open/Close automatically., (Optional
accessory), -Door dose, lamp on,
Door open, lamp off, While door
close to open, lamp flash,

Dry Run This ignores programmed rapid

feed or cutting feed rate, and runs
override of Dry run operation
speed. Use this to check up
workpiece without tool.,

To release Dry run, press the butt
again, and turn off the lamp.

Machine Lock

, In auto mode, all axes are not
moved., Once the machine lock is
enabled, perform reference point
return of all axes manually.
Otherwise, an alarm will occur.
Select Release button to tum off tl
lamp

Chip, Conveyor

Select this button to rotate the chi
conveyor, manually(option)., For
more detailed information, refer to
Option Device




Auto Power Off

After the machining is completed
with M02 or M30, command in
Auto mode, the power will be turn
off, automatically after a certain
period. Select Release, button to
turn off the lamp. (Option), For
more detailed information, refer to
Option Device.

Work Light

Turn on or off machine work light

Coolant

In auto and manual mode, it starts
or stops coolant., While working,
lamp is on

Gun Coolant

In auto and manual mode, it starts
or sops gun, coolant. While
working, lamp is on. (Optional
spec),

Through

, In auto and manual mode, it star
or stops through coolant. While
working, lamp is on

Jet Coolant

, In auto and manual mode, it star
or stops Jet coolant., While
working, lamp is on. (Optional
spec),

Bed Flushing

In auto and manual mode, it starts
or stops bed flushing, coolant.
While working, lamp is on

Air Blow,

In auto and manual mode, it starts
or stops Air blow.,

While working, lamp is on.
(Optional spec),




ECO Function

When this button is selected durin
manual operation, it turns off
monitor and stops servo after the
lamp finishes flashing in setup tim
While the lamp is flashing, press
any button, then monitor only turn
on, and Eco function is still
working., If thisbutton is selected
during automatic operation, servo
will stop after cutting is finished
and the lamp is flashing in setup
time., To release it, press it again
turn off the lamp., For more
detailed information, refer to S/W
manual supplied separately

Smart Function

Use this function to control axis
feed rate for spindle overload
during automatic running., For
more detailed information, refer to
S/W manual, supplied separately.

F1 & F2 Function
-User

This provides the shortcut for
particular user function., For more
detailed information, refer to S/W
manual supplied separately.

ATC Position Check lamp for enable location fol
automatic tool change
APC Position Check lamp for enable location fol

automatic pallet, change (in case
APC is supplied)

Program Stop

It lights up when MOO, M01, M02
or M30 is executed and program i
finished at MDI or auto mode., Ru
Cycle start or convert to Manual
mode in order to turn it off

Alarm,

This indicates any abnormal statu,
of the machine.,

It lights up when any problem
happens to NC, motor, lubrication
system or other machine device




Lock On

Operation panel and program
writing are disabled., During
automatic operation, put the key o
this position, and have a key out fj
safety

Prog. Write , Operation panel and program
writing are enabled.
Set Up The operation of machine control

panel and program edit are enable
Machine setup is enabled.,

Auto Cycle Start is disabled.,




Information sheet 1.32:

Description of select key switch

1.Lock On

(1) Cycle Start ENABLED

(2) DATA write DISABLED

- Input setting data, program register/write disable
- Offset input enables

(3) Sheet key Switch DISABLED, following buttons are enabled.
- Cycle start, Feed hold, Standby

-Rapid feed, Feed rate, Spindle override

-Work light, Auto power cut off, Tailstock buttons

-Chip conveyor, Coolant buttons, Air blow buttons

- Single Block button

-Other attached buttons such as foot switch



2.Program write On

(1) Cycle start ENABLED

(2) Data write ENABLED

- Input setting data, program register/write enable
(3) All Sheet key buttons ENABLED

(4) Door close during program running

3.Set Up On




(1) Cycle start DISABLED
(2) Data write ENABLED

- Input setting data, program register/write enable
(3) All Sheet key buttons ENABLED
(4) Set up mode conversion during program running => Convert to Single block mode

- Door keep closed

- After set up mode cancel, single block keep remained => Cancel it by single block button

-Spindle keep rotating => Stop the spindle with reset or spindle stop button
- Turret, magazine, ATC arm will stop after the current operation is completed

-Chip conveyor, Coolant buttons, Air blow hold during running => Cancel set up mode and automatic return

(5) Door open ENABLED at door unlock enabled status
Door unlock enabled conditions
-Internal accessories like coolant devices, chip conveyor, air blow do not run.
- Spindle and each axis stop

- Turret, magazine and-drm stop

- No running in auto mode or MDI mode

Detailed operation at Set up mode

Set up mode door unlock, (open enabled

status)

DOOR CLOSE

DOOR OPEN

PROGRAM START

Disabled,

Remark

SPINDLE

Manual rotation,
(Continuous,

Manual inching for
less than 50 r/min

Inching operation

inching),
, AXIS Manual feed, , Feed 2 m/min and
(Rapid feed less, Manual feed,
enabled), (Rapid feed
disabled)
Turret Manual index, Manual index by Two buttons press
(Speed down), two, buttons press,
(Speed down), -
0}
A E3 (3
ATC ARM Manual rotation in, | Manual rotation in
ATC maintenance, | ATC, maintenance
mode, mode
MAGAZINE Manual index, in Manual index, in
manual mode manual mode
TAILSTOCK Manual operation | Manual inching




COOLANT

AIR BLOW

Manual operation

Operation disabled

INSIDE CHIP CONV

OUTSIDE CHIP

CONV

Manual operation,

Manual operation,

Manual pulse generator

Portable Type

Figure: Manual pulse generator

Symbol

Description

Emergency Stop

If pressed this under emergency condition
machine, the axis feed and spindle rotatiof
will be stopped and all operations of mach
are immediately stopper., Same as the

Emergency Stop button on the main contrg
panel

Enable S/W,

Feed axis operation, etc. is enabled only if
the permission switch is being pressed on
side of portable MPG. (CE, Option).

, Select the feed axis X, Y, Z, 4, 5 and ther
magnification (x1/10/100) to enter the
Handle Mode. Turn the Manual Pulse han
to start the feeding operation at the set




Manual Pulse Generator

magpnifications, if turned the handle more
than 5 times per 1 second, the amount of
handle rotation and the travel distance of
machine may differ

4 Axis Select Switch X, Y, Z,4,5

Used to select the desired axis when movi
the axis with handle. For option axis (4,5
axis), enabled if installed optionally. Witho
option, an alarm occurs

5 Handle Mode, Magnification, x1, x10
x100

Select the handle mode and handle feders
per 1 pulse

Rate Federate

x1 0.001 mm

x10 0.01 mm

x100 0.1 mm

Fixed Type

Figure: Manual pulse generator (Fixed Type)



Symbol

Description

Manual Pulse, Generator

Select the feed axis X, Y, Z, 4,5
and then magnification (x1/10/10¢
to enter the Handle Mode. Turn th
Manual Pulse handle to start the
feeding, operation at the set
magnification., If turned the handl
more than 5 times per 1 second, {
amount of hand rotation and the
travel distance of machine may
differ

Axis Select Switch X, Y, Z,4,5,

Used to select the desired axis
when moving the axis with handle
For option axis (4,5 axis), enableg
if, installed optionally. Without
option, an alarm occurs.

Handle Mode, Maghnification,
x1, x10, x100,

Select the handle mode and hand
feed rate per 1 pulse.

Rate Feed rate

x1 0.001 mm

x10 0.01 mm

x100 0.1 mm

Sub Operating Panel
Magazine Sub Operating Panel



Figure 2.2.1 Magazine Sub Operating Panel

symbol

Description

Manual Mode Select Lamp

Lamp is illuminated if the manual mod
is selected., This time, magazine man
operation is enabled in the sub operat
panel

Magazine CW Rotation

If the manual mode is selected and
Magazine CW Rotation button is

pressed, the magazine makes one CV|
rotation (POT number increases).

Magazine CCW Rotation

, If the manual mode is selected and
Magazine CW Rotation button is

pressed, the magazine makes one CC
rotation (POT number decreases).

Emergency Stop

If pressed under emergency condition
machine, all operations of machine wi
stop immediately including the axis feg
and spindle rotation.,

The same function as the Emergency
Stop button on the main operating
panel.,




S Installation of sub operating panel depends on the machine
specification.

EJIf operating the magazine in the sub operating panel, always rem
any danger from the work area before the operation.

NC Operating Key Board
Function
Function keys are used for select the sort of screen. The following function keys are on the MDI panel.

Table 2.3.1 Function key

Button Description

Press this key to display the position screen

Press this key to display the program screen

Press this key to display the offset/setting screen

Press this key to display the system screen.

Press the key to display the message screen.




Press the key to display the graphics/custom screen.

Press the key to display the graphics screen

Press this key to display the custom screen 1, (conversational macro screen or C
language executor screen).

Press this key to display the custom screen 2,

S2 (Conversational macro screen or C language executor screen).,

Soft key

By pressing a soft key after a function key, the corresponding screen of the function can be displayed. The c
selection soft keys of each function are described below. The horizontal four keys on thanibkide are
assigned to chapter selectigoit keys. When multiple pages are used for chapter selection soft keys, [+] is
displayed on the continuous menu key (rightmost soft key). Press the continuous menu key to switch betwee
chapter selection soft keys.

Press function keys to switch between screens that are used frequently.
CAUTION  Some soft keys are not displayed depending on the option configuration.

If position indications are provided on the left half of the screen when a key other than the function key is
Oppressed, the left half of the soft keys is displayed as follows at all times:




Machine Operations
Machine Operation order
Machine Starting

1.Check the machine level is horizontal. Maintain to be horizontal and be balanced.
2.Check whether the power cable is moist or not before connecting power. Remove moisture.
3.Connect power cable to the power inlet. Plug it in.

4. Turn on the power supply swit

5.Turn on the power switch in the power supply control board.
6.Push NC system power supply switch of the upper part of Main Operating panel.

7.Turn right Emergency Stop Button of operation panel
(Emergency stop switch panel) of the machine front to release
the switch.

ONC device has closed structure, so exterior air must not rdikectly. Therefore, do not leave the doors open
for a long time of the control panel box and the machine when power was supplied.

CAUTION Make sure the cooling fan motor is operating for the screen display or inside/outside the control
panel.

8.s STANDBY Lamp will flash for 3 seconds. Operation is ready. Check the Normal pressure of Oil Pressure

be set is on 3.5Mpa (35kg/-9).
0]
i d

9.Before operation, move back and forth each axis for lubrication of each slide surface
/




At this time, be careful not reach SOFT O.T.

10. Return to the Origin. Set zero.

11.Machine grid will be set and stored stroke limit will be turn valid.
12.Switch on the ship conveyor.

Do not operate with too much chip on the conveyor track.
CAUTION
Setup

This chapter describes the methods of manual operations by unit, necessary for preparations before automa
operation of the machine.

1.Manual Rotation of Tool Magazine

Operation Position Remarks
No.

Check the status of machine and ATC
1 interference.

Select the automatic mode in the Main Operating Panel
2 operating mode.

Rotate the magazine clockwise by Main, Rotate the tool one by one.
3 pressing the tool magazine index butt . Check the position of the tool.
and the select button simultaneously | OPerating Panel

DO NOT equip or remove a tool while the tool magazine is rotating or changing the tool.
WARNING  Be sure to hold a heavy tool with both hands.

—IAny additional tool ejector is not required, and an operator can equip or remove a tool smoothly with bo
hands.

2.Mounting /Removal of Tool

(1) Move the spindle to a location and stop.

(2) Select the manual mode.

(3) Select the clamp or unclamp push button on the front of the head while holding the tool tightly.

(4) With TOOL CLAMPED, press the PUSH button for about 0.5 second once, the tool will be removed from
tapered hole in the spindle.

With Tool Unclamped, the lamp will illuminate on top of the button.

Procedure of Returning to the Origin Position

It has to be done returning to origin position manually to set the basic machine coordinate up after power up.



1.Select the ZERO RETURNmode.

2.Press the FEED button in the origin (zero) direction of the axis you want to return. The origin of each axis i
generally in the direction of +. For detailed information, refer to the nameplate of each axis attached to the
machine.

3. Move to the origin in rapid feed rate.

If moved to the origin, the axis will stop and its origin lamp will illuminate.

4. off your hand from the toggle switch when lamp is lit up. These are all procedure for returning to origin
position.

5.Alternatively, press the CYCLE START button in origin return mode, and the origin return of all axes will be
started automatically from the Z axis (One touch auto origin return).

—
For incremental method servo, if the axis you want to return to origin position has already been near the
origin position, move the axis about 50 mm in the) reverse direction of origin and then move it to the designa
direction to return to origin posith. Not applicable to Absolute Method.

-
Please one by one axis for Zero Returnai first)
Machine Work End

1.Clean the body of machine to remove chips or foreign matters.

2. If all chips are removed from the conveyor, stop the conveyor.

3. Move each axis to a stop position.

4.Check if the Program Start lamp is not illuminated on the main operating panel.
5.Press the EMG. STOP button on the main operating panel.

6.Press the Shutdown button on the main operating panel to turn off the power.
7. Turn off the operating panel.

(1) Set the main power switch to 'OFF'.

(2) Set the factory power supply switch to 'Off'.

Manual Operation
Feed of Each Axis

1.Jog Feed

(1) Change the mode to "JOG".

(2) Set the manual feed rate dial to proper speed.

(3) Using manual feed direction button of the desired axis, move the machine to the desired direction.

(4) Hand off when it reached the desired location.
(5) It will move only during the switch is pushed.

B B
8 B




Figure 3.2.21 JOG FEED (FANUC 0-MF/QOi -MF Plus, FANUC 30/31/32iB)

2.Handle feed

(1) Set mode selecting switchgoREFR, ors RAPIDs org JOG
(2) Press HANDLEy button.

(3) Select the axis to be feed.

a. In case to be move to near origin.

b. In case of manual processing.

Figure Handle MPG
(4) It can be moved little by little with the manual handle
Feed rate is as following
- X1:0.001 mm per 1 Pulse

- X10:0.01 mm per 1 Pulse vip 100 o
- X100:0.1mmper 1 Pulse 1A 06
For NC divided table (option) and B axis, unit refers to deg. ' F
(Example)

In case of movement over extremely short distance when determining origin by
obtaining centeof Jig or object to be machined

3.2.2 Rapid Feed
1.Position the mode selective switchsofRAPIDg

2.Operate the spindle switch to be rapidly transferred (rapid transfer is performed only while operating). At th
time, 1, 25, 50, 100% override will be loaded for rapid transfer of data.
3.When you release on the switch, rapid transfer will be stopped.

3.2.3 Tool Clamp and unclamp

1.Stop the main spindle head at any position.

2.Set mode selection switch to ones0OG& , s HANDLEs ands ZERO RETURN

3. Hold the spindle tool firmly to press the tool "CLAMP", "UNCLAMP" button for about 0.5second once on tr
main operating panel. The tool will be removed from the tapered hole of spindle.

(Hold the toaol firmly to prevent dropping.)

During Unclamped operation, the lamp will illuminate on top of the button.



Figure Tool CLAMP/UNCLAMP Push Button

4. To install the tool, remove dirt from the taper of tool shank thoroughly. Clean the tapered hole in the spindl
with the cleaner.

5.With the spindle unclamped, insert the tool into the hole of spindle and press the button again. The tool will
engaged in the spindle automatically and the lamp will extinguish.

Manual Data input (MDI) operation
Using MDI

1.Select the MODE switch on theMDl, .
2.Position the soft key to function, while pressing function menu key.
3. If you press "PROGRAM" key, the screen display is turned over.

4.Position the soft key on the operation key, while pressing operation menu key.

5. If you want to enter the program, enter and press the EOB on the address key, using address key and nur
key. The program entered in the key, had been entered in the key input buffer.

If you press "INSERT" key, the program had been transmitted to buffer memory for MDI operation.

Buffer memory's contents for MC/MDI operation will be displayed on the LCD.



7.1f you want to enter the program again, repeat operation
of (6)
8.Press CYCLE START button.

Operation of Coolant
Manual Button Operation

1.Manual Button

(1) It operates regardless of mode.

(2) Whenever the button is operated, ON/OFF is repeated.

(3) In OP. LOCK condition, ON/OFF is also enabled.

(4) If the machine door is opened during the operation of coolant, the operation of coolant is stopped tempor.
(5) If the machine door is opened, the coolant won't operate. However, for a gun coolant, the operation is en:
with the machine door open.

Operation by M Code
1. M Codes for coolant operation are as follows.

(1) M08: Flood Coolant ON

(2)M09: Flood/Bed/Jet/Through Coolant OFF

(3) M13: Spindle CW Rotation +Flood Coolant ON
(4)M14: Spindle CCW Rotation + Flood Coolant ON
(5) M15: Spindle Stop +Flood Coolant OFF

(6) M46: Bed Coolant ON

(7) M47: Jet Coolant ON

(8)M50: Through Coolant ON

(9) M51: Through Coolant OFF

2.With the exception of M Code commands for coolant operation as listed in the above step 1, the Coolant w
OFF automatically in the following cases.

: Emergency Stop

: Program Stop (M0O, M01, M02, M30)

: Door open

: Reset (selectable with PLC parameter setting)



: Program check
: End of counter
AUTO Coolant Skip (AUTO COOLANT OFF)

Auto mode Coolant skip (AUTO COOLNAT OFF) is a function that enables the program to run without actua
operation of coolant even if Coolant ON®ODE command is given in Auto Mode.
(Useful in a test operation.)

1.Operation button
Press either Select button or each Coolant button to start operation.
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2.Detailed Description

(1) At the first power ON, the function is set to OFF. Press Coolant related manual button and Select Butto
simultaneously to start the operation, if applicable.

(2) To deselect the AUTO COOLANT OFF, press the Coolant related manual button and SELECT button
simultaneously.

(3) Under OP. LOCK condition, the function can't be enabled or disabled.

(4) If AUTO COOLANT OFF is enabled, all Coolant related LAMPs will extinguish on the operating panel.
(5) Even if AUTO COOLANT OFF is enabled, the Coolant turns ON/OFF when the Coolant manual button is
pressed.

Spindle Rotation

1.Select If 3.3.1 MDl is using 1~4 paragraphs.
2.Press S on the "ADDRESS" key.

3.Enter RPM as "DATA" key.

To keep the safety of main spindle, it is recommended to increase by 1000 r/min.

If the spindle command is less than the minimum RPM, M code CAUTIONMon't complete. This time,
decrease the value of spindle parameter N0.4024 or increase the rpm.

4.Press EOB on the "ADDRESS" key.
5.Press INSERT key.
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Figure 3.3.3 RPM handling of main spindle transmission
6. Enter M code on main spindle normal rotation (M03) or Reverse rotation (M04) as same method.
7.Press CYCLE START button.
8. If you command MO05 with same methods, such stopping method.
Determination for main spindle position
1.Seleck If 3.3.1 MDl is using 1~4 paragraphs.
2. Press M on the "ADDRESS" key.

3. Enter number 19 as "DATA" key.
4. Press EOB on the "ADDRESS" key.

Figure: Determination Handling for Main Spindle Position

5. If you press INSERT key and then press CYCLE START button, it is stopped to normal position by low
rotating the main spindle.

Tool Change
Turret Magazine

1.Set the mode selector to MDI.

2. Press T of "ADDRESS" key.

3. Enter a tool number to call as the "DATA" key, and then press the EOB.

4.Press the INSERT key and then CYCLE START button to initiate the tool change.



Twin Arm Magazine

1.Set the mode selector to MC/MDI.

2. Press T of "ADDRESS" key.

3.Enter a tool number to call as the "DATA" key, and then press the EOB.

4. Press the INSERT key and then CYCLE START button to move the called tool to the waiting port.
5. Press M of "ADDRESS" key; input 6 of "DATA" key; and press the EOB.

6. Press the INSERT key and then CYCLE START button to initiate the tool change.

7.The tool can be changed by commanding Txx M06 to one block.

You can call only a tool that is registered to the magazine and tool management.
CAUTION  An alarm occurs if an invalid tool is called

Automatic Operation
Operation of Program Memory

1.Make sure that the alarm lamp won't illuminate on the main operating panel.
2.Ensure and change the tool length, compensation data for tool diameter.
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3. Position the mode selective switch tMEMORRY, . At that time, switches for Dry run, optional stop,
machine lock and optional block skip are turned OFF in the common operation and feed override, main spinc
override, rapid feed override switches are turned to 100%.

4. Press RESET button on setting operation panel.



5.Turn the position mark of X. Y and Z to 0 by ORIGIN button on the mark panel. When set the number exce
for 0, set the desired number by machine lock. (After operating MC/MDI or manual, return to automatic mode
again.)

6.Press the function menu key and position the soft key to function selective key.

7.Press the PROGRAM CHECK key and ensure initial status by calling the command in the mark panel.

8. If you temporally stop during operation, tur the single block to "ON" by pressing program FEED HOLD but
on the operation panel to stop the machine.Also,when fault occurs, stop the machine by pressing emergency
button on the operation panel.

If the workpiece is machined with newly written program

1.'3.4.1 Perform-B paragraphs on the program memory operation.

2.Turn the switch to "ON" on the single block.

(At this time, if rapid feed override is set to 25%, it is safe).

3. Press CYCLE START button.

4. If you ensure the operation of 1 block part and press CYCLE START button again, the program is gradual
proceeded.
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FigureNewly written program machining

If manual handling during automatic operation

1.Press FEED HOLD button. (Red lamp will be illuminated during program operation or stopping.) Also, Turr
switch toon the single block and stop it.

2.Turn mode turnover switch o HANDLEy ors JOG and manually operate it.

3.When manual operation is completed, return the mode selecioMEMORY

4. If you press CYCLE START button, program is restarted.

Ty T

—IWhen you press FEED HOLD button, operation of M.S.T function had been continued until remaining
operation completed. If operation is not completed, manual operation is not allowed.



If running in the middle of program, it may cause collision or unexpected operation.
Always check the safety in a single block before the operation.

CAUTION
It is recommended to restart using the program restart function.

If it is operated by MDI during automatic operation
1. Turn the switch to "ON" on the single block of operation panel.

2.When operation is stopped in the single block, turn the mode selection switdhRb, .

BEesss)

2. Press the function menu key and position the soft key to function selective key.

4.1f you press "PROGRAM" key, program display screen is turned over.

5.Press the operation menu key and position the soft key to operation selective key.
6. Enter the required operation with "ADDRESS" key and numerical key and press INSERT button.
7.Ensure MDI input data and press CYCLE START button.

8.When automatic operation is restarted, position the mode selection switthEMORY, and set single
block switch to

If running in the middle of program, it may cause collision or unexpected operation. Always
check the safety in a single block before the operation.

CAUTION
It is recommended to restart using the program restart function.

9.Press CYCLE START button on the operation panel.



If preceding tape command orders the operation using MDI, except fixed cycle, required G code should be
designated.

—Ilf MDI operation is inserted with status of Note 1, when tape command is executed again, boring machi
data command is not required before inserting the MC/MDI.

OAfter converting the mode without executing input in the MDI, if automatic operation had been continued, si
buffer contents is CAUTION replaced with rerecutable buffer content and entered, it is not operated. Becau:
it is danger, pay attention tb i

ATC Operation Method
Turret Magazine

1.Set the mode to MDI.
2. Enter a tool number such as T21 (T14).
3. Press the cycle start button and then see if the ATC MAG operation is smooth.

Start

T Code Command

Axis Z to primary home position spindle orientation

Tool Unclamp

AXis Z to secondary home position (Z+100mm)

MAG rotation/ Call tool

AXxis Z to primary home position

Tool Clamp

End

Description of Auto Tool Change Cycle of Turret Type



Twin Arm Magazine

1. Set the mode to MDI.
2.Input Txx MO6.
3.Press the cycle start button and then see if the ATC MAG operation is smooth.

Can not be used

100 2 Can not be used
"
Large Diameter Tool (24

Description of Auto Tool Change Cycle of Twin Arm Type

Establish the home position of magazine with the actual ATC operation using a tool, and check the data in tt

PMC Parameter CAUTION screen before executing the machining program. (Twin Arm Type)

Work Offset (G54i G59)

Purpose:

Work offset tells the machine where the workpiece zero point (part origin) is located on the table relative to

q6WIcHSRUWKT WEYGWWGEYt RqRYUIO

A. Setting Work Offset

1. Power ON and Home the Machine

0
(0]
0

Press th# OWER ON button.
PerformZero Return (Home All Axes)using theZERO RETURN or REF RETURN key.
This establishes thmachine coordinate system

2. Clamp the Workpiece

(o]

Mount and clamp the job securely on the table or vise.

3. Select Tool and Jog Mode

0
(0]

Load a suitable tool (for example, a probe or edge finder).
SelectHANDLE or JOG mode on the control panel.

4. Touch Off the Workpiece

[0}
[0}

Move the tool slowly until it just touches therkpiece surface(for Z-axis).
Do the same for X and Y edges if required.

5. Open Work Offset Page

(0]
(0]

PresOFFSET/SETTING k ey Y WORK @IWORK OFFSET) page.
Choose the desired coordinate system (us@iig).

6. Take the Work Offset

(0]

[0}
[0}
(0]
[0}

Highlight X, Y, or Z underG54.

Press tht EASURE soft key.

The controller automatically records the current machine position as the work offset.
X =120.450

Y =50.250



o Z=-250.500
These become yo@54 coordinates
7. Verify the Offset
o Move the tool away, then run in MDI:
o G54G00 X0 YO
o The tool should move exactly to your defined workpiece zero.

B. Adjusting Work Offset

1 If the tool cutdoo deep add+ valueto Z (e.g., +0.05 mm).
1 If the cut istoo shallow, subtractvalue from Z.
1 Adjust X or Y similarly if the part is oftenter.

2. Tool Offset (Length and Radius)

Purpose:
Tool offset compensates for the different lengths (and diameters) of tools so the program can run correctly.

A. Setting Tool Length Offset

1. Load the Tool

o Load the tool (e.gT01) into the spindle.

o Callitusing MDI:

o TO1MO6;
2. Select Reference Surface

o Choose a reference surface (e.g., workpiece top or a tool setter block).
3. Touch Off the Surface

o Gently jog the tool down until it just touches the surface.
4. Open Tool Offset Page

o Pres®OFFSET/SETTINGY s e TO®Lt OFFSET Y GEOMETRY page.
5. Take the Offset

o Move the cursor to the corresponding tool number (@, for TO1).

o Pressthé¢EASURE keyd the controller stores the Z position as the tool length.

Example:
TO1 Y HO1l = 125.632 mm

6. Repeat for All Tools
o Repeat steps for T02, TO3, etc., using the same reference surface.

Key Safety & Best Practices

Always home (zero return)before setting offsets.

Move inHANDLE mode when near the workpiece.

Always match Tool Number (TO1)with its Offset Number (HO1).
Do adry run (without cutting) before actual machining.

=a =& —a -

Self-check: 3.1-1



Mention two conditions when additional watup is required.

Write the difference betweel©OGandHANDLE mode.

What is the purpose of tiero Returrfunction?

Explain the function and operation of the Manual Pulse Generator (BPi&th portable and fixed type.
Write the steps to perforifool Clamp and Unclammanually.

A S

Answer key: 3.1-1

1. Mention two conditions when additional watmp is required.

1 When the CNC machine has been stoppediane than 3 days
1 When theambient temperaturer spindle temperaturie below 20°C

(Additional note: Also required when the machine has been idle for a long time before operation.)

1. Write the difference between JOG and HANDLE mode.
JOG Mode HANDLE Mode (MPG)

Axis moves continuously as long as the jog | Axis moves a fixed distance per pulse whent
button is pressed. MPG handle is rotated.

Used for precise and fine positioning or

Used for quick or rough positioning. alignment

3. What is the purpose of the Zero Return function?

1 Toreturn all machine axes to their reference (home) posifien poweron.
1 This establishes thmachine coordinate systemnsuring the controller knows the exact position of each
axis.

3. Explain the function and operation of the Manual Pulse Generator (R}h portable and fixed type.

Function:
The Manual Pulse Generator (MPG), also known asitimelwheelis used foprecise manual control of the
machine axedt allows the operator to move the tool or table in small, accurate increments.

Types and Operation:

Fixed MPG Permanently mounted on the machine control panel.

Portable MPG A handhel_d unit connected by cable, allowing the operator to move clos
the workpiece.

Fixed MPG Permanently mounted on the machine control panel.

Operation Steps:

1. Select theaxisto move (X, Y, Z) using the selector switch.

2. Select thanovement incremer{ix1, x10, x100).

3. Rotate the MPG handwheel; each pulse moves the axis by the selected increment.
o Example: In x10 mode, each click moves 0.01 mm.

4. Observe the axis movement on the screen or directly on the machine.



Advantages:

1 Provides fine manual control during tool setting or alignment.
1 Safer and more precise than jog mode.

5. Write the steps to perform Tool Clamp and Unclamp manually.

Move thespindle to the tool change position

Stop the spindle rotatio@nsure MO5 is active).

Press and hold thEool Unclampbutton to release the tool holder.
Insert or removéhe tool from the spindle.

Press thd ool Clampbutton to lock the new tool securely in place.
Confirm the tool is clamped properly before resuming operation.

ouhkwnE

Job sheel.31
Name: Prepare for a CNC machining center and identify CNC controller including keyboard.



Procedures:

1. Trainee will collect required PPE and materials/resources.
2. Will use required PPE.
3. Main breaker on and stabilizer on.
4. Pneumatic valve on check air pressure as per standard.
5. Machine on by pressing power on button and power up the machine.
6. Will identify all keys of keyboard.
7. After identifying keyboard perform all keys.
8. Will power off the machine by pressing power off button.
9. Will identify the clamping mechanism.
10. Clean properly the CNC machine.
Specification sheet:
SL Item Quantities per trainees
01 Apron 1
02 CNC Machine 1
03 Hand gloves, goggles 1 set
04 Vice 1
05 Clamping set 1
06 Spanner 1




Job Sheetl.3-1
Explain the complete machine wawup procedure for a CNC milling machine that has been stopped for more tt
3 days

Qualification ADVANCE CNC MACHINING CENTER OPERATION AND PRACTICE

Learning unit: Prepare for a CNC machining center

Learner name:

Personal protective Apron, Hand gloves, goggles
Materials T CNC machine
Tools and Equipments 1 Vice
i Clamping set
1 Spanner
Performance Criteria 3.1 CNC machine axes positioning is performed using the Manual |

Generator (MPG).

3.2 Control panel main buttons and soft keys are used for ma
adjustments.

3.3 Machine panel buttons and switches are identified and selected.
3.4 MDI mode is executed and created as required for the operation.
3.5 Memory modeis executed.
3.6 Overrides keysare performed.
Work offset and tool offset are set and adjusted.

Notes To prevent spindle thermal shock, ensure accurate movement, and
machine life.
Procedures: 1. Check machine conditions:
o Ensure the power supply and air pressure are within speci
limits.

o Remove all tools and chips from the machine table.
2. Power ON the machine:
o Switch ON the main power breaker.
o Turn ON the control power and wait until the system boots
3. Perform zero return (home position):
o Return all axes (X, Y, Z) to their reference points.
4. Spindle warm-up process:
o Run the spindle dbw speed (e.g., 500 RPMpr 10 minutes
o Increase spindle speed gradually:
A 1000 RPM Y 10 minutes
A 3000 RPM Y 10 minutes
A 6000 RPM Y 10 minutes
o Total warmup time:30i 40 minutes
5. Axis movement warmup:
o Move all axes (X, Y, Z) continuously using tjogg modeover
their full travel.
6. Check lubrication and coolant:
o Ensure oil and coolant circulation systems are functioning.




Learner Signature: Date:

Assessor Signature: Date:

Quiality assurer signature Date:

Assessor Remarks:

Feedback

Job Sheetl.32

Describe the main operating panel switches and their functions (any six important ones).

Qualification ADVANCE CNC MACHINING CENTER OPERATION AND PRACTICE

Learning unit: Prepare for a CNC machining center

Learner name:

Personal protective | Apron, Hand gloves, goggles

Materials T CNC machine
Tools and Equipment T Vice
1 Clamping set
1 Spanner
Performance Criteria| 1. CNC machine axes positioning is performed using the Manual Pulse Ger
(MPG).
2. Control panel main buttons and soft keys are used for machine adjustme
3. Machine panel buttons and switches are identified and selected.
4. MDI mode is executed and created as required for the operation.
5. Memory modeis executed.
6. Overrides keysare performed.
7. Work offset and tool offset are set and adjusted.
Notes To prevent spindle thermal shock, ensure accurate movement, and extend 1
life.
Procedures: Power ON/OFE Turns the machine contr

system ON or OFF.




Emergency Stop ({Stop)

Immediately stops all machin
movements and spindle rotati
in case of emergency.

Begins program execution (

Cycle Start machining operation.
Temporarily stops axis fee
Feed Hold motion while keeping spindl

running.

Spindle CW/CCW Buttons

Manually starts spindle rotatig
in  clockwise  (M03) or
counterclockwise (M04
direction.

Coolant ON/OFF

Manually starts (M08) or stop
(MQ9) coolant flow.

Feed Override Knob

Adjusts programmed feed ra
(usually betweeni@50% or 0
200%).

Rapid Override Knob

Controls rapid traverse ral
(25%, 50%, 100%).

Learner Signature: Date:
Assessor Signature: Date:
Quiality assurer Date:

signature:

Assessor Remarks:

Feedback




Job Sheetl.3-3

Describe the stepy-step process of returning the machine to origin (Zero Return) after jumwer

Quialification

ADVANCE CNC MACHINING CENTER OPERATION AND
PRACTICE

Learning unit:

Prepare for a CNC machining center

Learner name:

Personal Apron, Hand gloves, goggles
protective
Materials CNC machine
Tools and Vice
Equipments Clamping set
Spanner
Performance | 1. CNC machine axes positioning is performed using the Manual |
Criteria Generator (MPG).
2. Control panel main buttons and soft keys are used for machine adjustm
3. Machine panel buttons and switches are identified and selected.
4. MDI mode is executed and created as required for the operation.
5. Memory mode is executed.
6. Overrides keys are performed.
7. Work offset and tool offset are set and adjusted.
Notes The machine coordinate system is now established, allowing accurate op
and tool movement.
Procedures: | 1. Power ONthe machine and wait for system initialization.
2. Check axispositiod t he di spl ay wi || show
HOMEO for each axis.
3. Select ZERO RETURN modan the mode selector.
4. Select one axige.g., Zaxis) first to avoid tool crash.
5. Press and hold theéycle Staror Zero Returrbutton for that axis.
6. Repeat fory -axisand thernX-axis
7. Once all axes reach their reference limit switches, the control records t
machineds zero position.
8. Verify home position on the screen (machine coordinates reset to zero)
Learner Date:
Signature:
Assessor Date:
Signature:
Quality Date:
assurer
signature:
Assessor
Remarks:

Feedback




Job Sheet 1.3%

Explain the complete procedure for spindle rotation and coolant operation using both manual buttortedasl M

Qualification ADVANCE CNC MACHINING CENTER OPERATION AND
PRACTICE

Learning unit: Prepare for a CNC machining center

Learner name:

Personal protective Apron, Hand gloves, goggles

Materials CNC machine

Tools and Equipment| Vice
Clamping set
Spanner

Performance Criteria| 1. CNC machine axes positioning is performed using the Manual |
Generator (MPG).

Control panel main buttons and soft keys are used for machine adjustn
Machine panel buttons and switches are identified and selected.

MDI mode is executed and created as required for the operation.
Memory mode is executed.

Overrides keys are performed.

Work offset and tool offset are set and adjusted.

PN MDD

Notes Always start the spindle &w speed after maintenancenarm-up.

Ensure coolant level and flow before engaging automatic operations.

Procedures: A. Using Manual Buttons:

1. Set the machine to Manual (MDI) or JOG mode.
2. Spindle Rotation:
o PressSpindle CW (Clockwise)o ut t on Y S
clockwise (same as M03).
o PressSpindle CCW (Counterclockwise)o ut t o n
Spindle rotates counterclockwise (same as M04).
o PressSpindleStoppbut t on Y Spi ndl
MO5).
3. Coolant Operation:
o PresCoolantONbutton Y Cool ant
as M08).
o PresCoolantOFFbut t on Y Stops
as M09).

B. Using M-Codes in MDI Mode:

Command Function

MO03 S1000 Start spindle clockwise at 1000 RPM.

MO04 S800 Start spindle counterclockwise at 800 RPM.
MO5 Stop spindle rotation.

MO8 Flood coolant ON.




M09 Coolant OFF.
M88/MS9 Thrgughsplndle coolant ON/OFF (if
available).
Learner Signature: Date:
Assessor Signature: Date:
Quality assurer Date:
signature:

Assessor Remarks:

Feedback




Job Sheel.35

Quialification

ADVANCE CNC MACHINING CENTER OPERATION AND
PRACTICE

Learning unit:

Prepare for a CNC machining center

Learner name:

Personal protective

Apron, Hand gloves, goggles

Materials CNC machine
Tools and Vice
Equipments Clamping set
Spanner
Performance CNC machine axes positioning is performed using the Manual
Criteria Generator (MPG).
Control panel main buttons and soft keys are used for ma
adjustments.
Machine panel buttons and switches are identified and selected
MDI mode is executed and created as required for the operatiof
Memory modeis executed.
Overrides keysare performed.
Work offset and tool offset are set and adjusted.
Notes 1 Work offset defines the distance between the machine
(reference point) and the workpiece zero (program zero
1 Tool offsets compensate for tool length differences ang
milling) cutter radius.
Procedures: 1. Work Offset Setting Procedure (e.g., G54559)

Step-by-Step Procedure:

1. Power ON the Machine
o Perform thanachine zero return (home all axeslising the
ZERO RETURN or REF RETURN key.
2. Mount and Clamp the Workpiece
o Secure the job properly using vise, clamps, or fixture on the
machine table.
3. Select a Reference Point
o Decide thework coordinate systemto use (usuallys54).
4. Jog the Tool to the Workpiece Zero
o SelectHANDLE or JOG mode
o Move the cutting tool (or edge finder) to touch tharkpiece
reference point(e.g., top face and one edge).
5. Set X, Y, and Z Coordinates
oOntheOF FSET/ SETTI NGpage: WORK
AHighlight G54 (or chosen offset)




APressMEASURE key to record current machine positio
into the offset.
o This stores the X, Y, Z values relative to machine zero.
6. Verify Zero Position
oMove the machine away, then return to G54 zero using MDI:
0G54 G00 X0 YO0;
o The tool should move to the correct workpiece zero.

2. Tool Offset Setting Procedure (Tool Length & Radius)
Step-by-Step Procedure:

1. Prepare the Tool
o Load the tool into the spindle usidg C or manually.
o Select tool number (e.gr0l).
2. Move to a Reference Surface
o Jog the tool close to thweorkpiece top surfaceor atool setting
block.
3. Touch Off and Set Z Offset
o When the tool just touches the reference surface:
A GotoOFFSET Y GEOMETRY (or
LENGTH) page.
A Move cursor to the tool number (e.§Q1).
A PressMEASURE Z or manually input thenachine
position Z value (with sign).
4. Set X and Y Tool Radius (Optional)
o If usingcutter compensation (G41/G42)enter tookadius or
diameter in theWEAR or GEOMETRY column.
5. Repeat for All Tools
o Perform the same for T02, TO3, etc., using the same referer|
surface.
6. Verification
o Runadry run or simulation to verify correct tool lengths.

Learner

Signature:

Date:

Assessor

Signature:

Date:

Quality
assurer
signature:

Date:

Assessor
Remarks:

Feedback




Module No 2 Operate CNC Turning Center

Module Descriptor: This unit covers the skills, knowledge, and attitudes required to operate a CNC Turning
Center, including component identification, startup and shutdown procedures, cutting tool selection, paramet
setting, and basic controller operation for 2D machining

Nominal Time: 30 Hours
Learning Outcome:

1. Prepare CNC Turning Center
2. Select Cutting Tools
3. Perform CNC Turning Center using Controller

Performance Criteria:

Major components of the CNC turning ceraee identified and understood.
Air pressure, coolant level, lubrication, and power supply are checked.
CNC turning center is powered on and off following the standard procedures.
Hand jog and ATC (Automatic Tool Change) functions are performed.
Workpiece setup and tool setup are completed.
Cutting toolsandinsertsare identified and selected according to the machining requirements.
Appropriate sequence of cutting tools for the operation is selected.
Cutting tool geometry is explained to the operation.
Appropriatecutting parameterare followed according to the job material specifications.
. Functions keyanddisplay keysare used for machine adjustments.
. Mode keyandoverride keysare selected and used as per requirement.
. CNC machine axes positioning is performed using the hand jog.
. Work offset and tool offset are set and adjusted.
. Visual programing system (VPS) and Shape creator are carried out as per drawing.
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Learning Outcomel.21: Prepare the CNC Turning Center.

Content:
1. Introduction to the CNC Turning Center / CNC Lathe Machine
Major components
The Brain That Controls: The CNC Controller
Powered on and off
Workpiece setup and tool setup

ok

Assessment Criteria:

1. Major components of the CNC turning cerdee identified and understood.
2. Air pressure, coolant level, lubrication, and power supply are checked.
3. CNC turning center is powered on and off following the standard procedures.
4. Hand jog and ATC (Automatic Tool Change) functions are performed.
5. Workpiece setup and tool setup are completed.
Resources:
1. Workplace (simulated or actual)
2. CNC Machine
3. Work holding device, vice, etc.
4. CNC controller
5. Memory stick
6. Sample part/model
7. Measuring instruments
8. Job specifications, drawings, or work instructions
9. Job operation sheet.

10. Stationary
11. Learning manual

Learning activity Resources/Special instrumentation/Referenc

Prepare CNC Machining Centre. 1 Information sheet:1.1
1 Selfcheck: 1.1
1 Answerkey: 1.1




I nformation Sheet2.1-1

Introduction to the CNC Turning Center / CNC Lathe Machine

A CNC (Computer Numerical Control) Lathe is an automated machining tool used to shape materials like me
plastic, or wood by rotating the workpiece against a stationary cutting tool. Unlike manual lathes, all operatior
directed by a computer program, ensuring high precision, egkigt and efficiency in producing cylindrical parts.

Common Types of CNC Lathes:

Various types of CNC Turning Machines are used based on the requirements of production processes. The

common types of CNC Turning Machines have shown below:

2-Axis Lathe: The standard type, performing operations like
turning, facing, and drilling on the outer and inner diameters.

SwissType Lathe (Sliding Headstock):Designed for high
precision, smallliameter parts. The headstock moves, providin
superior support for long, slender components.

Multi -Axis Turning Center: Incorporates additional axes (e.g.,
Y -axis, Gaxis) and live tooling (rotating tools), allowing for

milling and drilling on multiple faces without+@amping the part. ©=""<Faedetl /L5, “™
These combines turning and milling in a single machine. Tool spindie

Vertical Turning Lathe (VTL) / Vertical Machining Center
(VMC)

The workpiece is mounted on a horizontal chuck that rotates o
vertical axis. The cutting tools are mounted on a eragsldeal

for very large, heavy, and short workpieces like large flywheels
and turbine rotors.

Figure: 24



5. Horizontal Turning Center:
This is the standard and most common configuration where th
spindle is horizontal. It is the workhorse for most turning
applications.

6. Multi -Spindle Lathes
Feature multiple spindles arranged in a drum. Each spindle
performs a different operation simultaneously. Extremely-high
volume production of small parts, such as in the automotive
industry.

7. CNC Chuckers:
A lathe designed specifically for parts held in a chuck and oftel
lacks a tailstock. Higtvolume production of short parts like
fittings and valve bodies.

8. Benchtop CNC Lathes
Small, compact lathes for ligialuty work. Prototyping, education
and machining small parts in workshops.

Figure: 2.8
Why it Matters: CNC lathes are fundamental in modern manufacturing, from creating simple bolts to complex
aerospace components, enabling mass production with minimal error and high consistency.

2.1 The Brain That Controls: The CNC Controller

The CNC Controller is the command center of the entire machine. It is an industrial computer that processes the
program and sends commands to all other components.

Thecontrolleris usedo run automatic cycles, move the machine manually during setup, set tool and workpiece
positions, and monitor for any alarms or issues. The screen displays crucial information like active commands,
machine position, and the program code.

CNC Controllers have avariety of manufacturing Brands, among them the following brands are commonly
used worldwide.



Fanuc

The industry standard, known for its reliability, robustness
and widespread use in manufacturing environments
worldwide.

Key Features: Usdriendly interface, high compatibility, anc
extensive support and documentation.

Siemens

A major competitor to Fanuc, known for advanced technol
and powerful capabilities, especially in complex machining
Key Features: Advanced software integration, strong supy.
for multi-axis and millturn applications, and sophisticated
programming options.

Haas

Developed by the American machine tool builder Haas
Automation for their own machines.

Key Features: Intuitive user interface, common in workshc
and smaller manufacturing facilities, and known for being
userfriendly.

Mitsubishi

A prominent Japanese controller known for high performal
and precision.

Key Features: Excellent for hieggpeed machining, reliable,
and offers good processing power.

Heidenhain

A German manufacturer renowned for hignality and user
friendly controls, often found on precision machines.

Key Features: Icobvased programming dialogue, excellent
for complex contours, and very precise.
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6. Fagor
A Spanish brand that offers a ceftective alternative with a
range of capabilities.
Key Features: Good value for money, usandly, and
suitable for many generglurpose applications.

7. GSK
A major Chinese CNC controller manufacturer, widely
used as a cogifffective alternative in many markets,
particularly in Asia. GSK controllers are known for
providing good functionality for generaurpose turning
applications.

Electrical Power Supply

| FAGOR ‘

88S5/A-N

Figure: 2.14

Figure: 2.14

A stable and clean electrical supply is critical for the operation and longevity of a CNC Turning Center.

Figure 2.15: AC Power Supp

Three-Phase AC Supply

The primary power source for the machine's main drive motors, hydraulic pumps, and cooling systems.

Standard Voltage and Frequency415V AC, 50Hz. Regional variations include 400V/50Hz in Europe and

480V/60Hz in North America.

Current Rating: Typically ranges from 32A to 63A per phase for medgimed machines, depending on the spindle

motor power. The specific requirement is provided by the machine tool builder.

Required Component:To ensure the proper Electric Power Supply, a major component is used, wahidiitége

stabilizer.
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Purpose:Protects the sensitive CNC system and servo drives from voltage fluctuations and power spikes.

Specification: Must be rated for the machine's total KVA consumption. A tolerance of plus or minus 10 percent of
nominal voltage is generally acceptable for the machine, but the controller requires a much tighter tolerance.

Pneumatic Air Supply

Compressed air is essential for various pneumatic functions on the madbstaf the types of CNC Machines
require a Pneumati&ir supply ensure precise operations.

o
—

Figur@®edummatic Supply

The specifications for the pneumatic supplhare mentioned below:

Air Pressure and Quality Specifications:
Required Pressure:Standard operating pressure is typicadlfiges betweed barto 9 bar depending on the machine
types which is 85 tdl30PSI. The machine will have a specified range, often 5.5 to 7 bar.

6 bar 9 bar

Air Flow Capacity: The compressor and supply line must deliver sufficient CFM, or Cubic Feet per Minute, to me
the machine's peak consumption.

Air Quality: Must be clean and dry.
Required Components The required components to ensure the Pneummapiply have been described below:
Air Compressor: Generates the compressed air.

Specification: Must be sized to meet the machine's CFM requirements with a working pressure exceeding the
machine's requirement.



Fi guBe ARi.rl Compressor

Air Dryer, either Refrigerated or Desiccant Type:
Removes moisture from the compressed air to prevent corrosion and damage to pneumatic components.

Fi gu®e ARi.rl1 Dryer

Line Filter and Lubricator: The filter removes particulates and residual moisture. The lubricator adds a fine oil m
to lubricate pneumatic cylinders and valves.

Fi g u2 OkineZFilter and Lubricator



Major Components of a CNC Turning Center/ Lathe Machine
The major components of a CNC Machine are shown below:

Electrical Cabinet
Safety Window
Headstock
Tool Turret

1®

Hydraulics
Main Drive Motor

Guide Way
Bed

Figure2.21: Components of a CNC Lathe Machine

1. Bed
The foundational base of the machine. It is a heavy, rigid structure, usually made of cast iron, that supports all of
components. Its mass and design are crucial for damping vibrations and maintaining stability during machining.

2. Headstock
The fixed housing mounted on the left end of the bed. It contains the central drive system for the spindle.

3. Main Spindle

The spindle turns the chuck. The chuck grips the part using hard jaws, soft jaws, or collet. The most
commorconfiguration is the three jaw chuck, shown in Figur&lt8 chuck requires air pressure to open

and closehe jaws, and setthe gripping force. Pressuranust be high enoughto securelyhold the part,

but not sogreat as taleformfragile parts.

1-Spindle Jaws
2-Chuck 4-Part



4. Main Drive Motor
The power source that rotates the spindle. It can be an AC servo motor or a vector motor connected via gears ol
directly coupled (direetirive) to the spindle.

5. Chuck
The workholdingdevice mounted directly onto the spindle nose. It grips the raw material (workpiece) securely.
Common types include-faw seltcentering chucks and collet chucks.

6. Tailstock
A movable unit located on the right side of the bed. It is used to support the free end of long workpieces with a ¢
point to prevent deflection during machining operations.

7. Carriage
The assembly that moves along the bedxig) and crosslide (X-axis). It provides the platform for the tool turret.

8. Turret

Tool holdersbolt to eitherthefront or perimeterof theturret. Tool changesaremadeby the
machinéndexing theturret toplacethe appropriatéool closest tahe part.

The method by which the tools are attached to the turret, and the direction the tool faces in relation
to thepart, vary depending on the tool, operation, and cut direction. For example, a facing tool is
oriented radiallyto the part, to maximize tool rigidity and work envelope. A boring bar is oriented
axially to allow the bar tenter andexit thebore.
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1-Tool Station ¢ -Turret

2-Tool Block i -Boring Bar Tool

i -Face/Turn Tool *-Live Tool (Radial Mount}
+-Face Groove Tool 8-Live Teol {Axial Mount)



17 Tool Station
The turret is divided into stations evenly spaced around the perimeter. Most lathes with tool turrets have about 1
stations. Tools are connected to the turret by a tool holder and tool block. The tool holder and block used depel
the type of toband mount direction.

21Tool Block
Tool blocks act as the interface between the tool holder and the turret. They bolt to the face or perimeter of the t
Different blocks are used depending on the type of tool and orientation.

}- Turn Tool
Turning tools, which includes face, OD rough and finish, groove and cutoff, are usually mounted radially with res
to the part. The cutting tool is usually a ceramic insert mounted in a tool post designed for the specific shape anc
insert.

Lt- Face Groove Tool
Face groove tools are mounted axially from the part.

5- Turret
The turret holds and moves the tools. To change tools, the turret unlocks, rotates to present the active tool to the
piece, and then locks again. Care must be taken that the turret is away from the part so that none of the tools co
with the partas the turret indexes.

i- Boring Bar
A boring bar is used to create a precision size and finish hole through the bore of the part. These are mounted a
with the spindle

- Live Tool (Radial Mount)
A Alive toolodo is a tool that rotates, being driver
cross drilling or milling on the diameter of the part.

t- Live Tool (Axi al Mount)
Axial mounted live tools mill or drill on the face of the part.

9. CNC Controller
The computer and control panel. This is the operational brain of the machine, which interprets the part program |
code) and commands the movement of the axes, spindle speed, and all other machine functions.

1. Controller

CNC Controller: A CNC controller is the computer and interface of the machine. It reamideGnstructions from a
part program and converts them into electrical signals. These signals control the precise movements of the macl
motors, the spindle speéethe tool turret, and all other functions, automating the entire machining process.

Haas CNC Lathe Controller



The Haas controller is developed by Haas Automation specifically for their machines. It is known forfiigndkgr
interface, making it a popular choice in workshops and manufacturing facilities. Key features include intuitive me
navigation, helpfugraphical displays, and built troubleshooting guides. It supports standarco@e programming
and includes Haaspecific cycles and functions that simplify common lathe operations.
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Procedure to Turn the Machine On & Prepare for Operation

The Procedure of turning a HAAS CNC Lathe Machine is given below:

Step 1

Step 2

Step 3

Step4

Stepb

Clear thesurroundingareaof the
Machine
Check the Coolant & Lubricant Level.

Turn the circuit breaker for the Three
Phase Electrical Supply Source

Turn the Voltage Stabilizer ON & wait
till the voltage stabilizes.

Turn thecompressoON.

Turn the Air Dryer ON

Fi gu B €lead Sur
¢ o ol
e ) I *

.....
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Step6

Step7

Step8

Step9

Stepl0

Step 1L

Openthe Pneumatic Supply line

Turn the machine Circuit breaker ON

=1}

Press the

Emergency

Press the nPower ONaG@

Rel ease the AEMergen

Press NReseto button

180°handle

aasy to uso,shut offto bothside,smooth handlo

FiguBe 2.2

Fique 2.3

Fi guBe

Send All Axes to the Home Position / Reference Position by following the steps given below:

Press the |l etter fAX 7
respective axis. ] ]

Step 1

Figude 2. 3



Step2  Press the Mode Key
AZer o Ret o |
Returno to
system for zero return
operation.

Step 3  Press the single key to move the axis alo

Step4  Then select the rest of the axis k&
pressing the alphabet arepeat
the same cycle.

2.3 The Safe Shutdown Procedure

*  Shutdown Sequence:

Use hand jog to move the turret to a safe location, away from the chuck and tailstock.

Remove all tools, workpieces, and measuring instruments (like micrometers) from the machine.
Clean the work area and wipe down the machine surfaces.

Press the red "POWER OFF" button on the controller.

Turn the MAIN POWER switch to OFF.

akrwbdpE

Step1 Use hand jog to move the turret to a
safe location, away from the chuck ar
tailstock.

Step 2 Remove all tools, workpieces, and
measuring instruments (like
micrometers) from the machine.




Fi g u3 8Renve all the extra staff
Step 3 Clean the work area and wipe down the 1

machine surfaces.

Fi guxX%: 2Cl ean the r
Step4d Press the AEMmMer ge |

Figure 2.40: Emerg
Step5 Press the fAPower

POWER OFF

Step 6 Turn the machine Circuit breaker OF|

Figure 2.42

180°handle
asyto usoshutoff

Step 7 Close the Pneumatic Supply line.

oooooooooooo

Figure
Step8  Turn the Air Dryer GF




Step 9 Turn the Air compressor OFF.

Stepl0 Turn the voltage stabilizer OFF o 00
AW =
o
ALE = |
e oo
S "

Stepll Turn the main circuit breaker OFF.



Self Checki 1.2-1

What is the name of the component that holds and rotates the workpiece?

Name the three critical systems you must check before powering on the machine.

What is the most important operation you must perform immediately after the machine powers on?
Which manual mode do you use to move the tool turret closer to the workpiece for setup?

What is the function of the chip conveyor?

akrwbdE

Answer Keyi 1.2-1

Answer: Headstock (and Spindle)

Answer: Air Pressure, Coolant Level, Lubrication

Answer: Zero Return or Reference Return Operation

Answer: JOG or HANDLE Mode

Answer: To remove metal chips (swarf) from the machine work area automatically.

arwbdE



Job Sheefi 2.1-1

CNC Turning Center Component Identification and Safety Preparation

Quialification

ADVANCE CNC MACHINING CENTER OPERATION AND PRACTICE

Learning unit:

Prepare for a CNC machining center

Learner name:

Personal protective

Apron, Hand gloves, goggles

Materials

CNC Turnning Center

Tools and Equipments| Tool holder
Cutting tools
Performance Criteria 1. Major components of the CNC turning centre identified ang

understood.

2. Air pressure, coolant level, lubrication, and power supply are che
3. CNC turning center is powered on and off following the stan
procedures.
4. Hand jog and ATC (Automatic Tool Change) functions are perfori
5. Workpiece setup and tool setup are completed.
Notes
Procedures: 1. lIdentify the machine's main power switch and controller power bu
2. ldentify the six major components (Controller, Headstock, Tailst
Tool Turret, Coolant System, Chip Conveyor) and describe
function.
3. Perform the prestartup checklist: check air pressure, coolant level,
lubrication level.
4. Power on the machine in the correct sequence (Main Power ON
Control Power ON).
5. Perform the machine "Zero Return" or "Reference" operation.
6. Select JOG mode and use the hand jog to check X and Z axis mov
7. Use the "Next Tool" button or MDI mode to index the tool turret
specified station.
8. Power off the machine in the correct sequence (clean area, C

Power OFF, then Main Power OFF).

Learner Signature: Date:
Assessor Signature: Date:
Quality assurer Date:
signature:

Assessor Remarks:

Feedback




Machine Power-On

This sectiontells you how to poweronamachine anéstablisithe axishomepositions.

Before you do this procedure, make sure that possible crash areas, such as the tool probe, parts catcher, tailstegk, tool t
and secondary spindle, are clear.

Press POWER ON. After the boot sequence, the display strevstartup screen.

The startup screen gives basic instructions to start the machine. Press CANCEL to dismiss the screen.

Turn EMERGENCY STOPto the right to resetit.

Press RESET to clear the startup alarms. If you cannot elealarm, the machine may need service. Contact yourFeaery
Outlet(HFO)for assistance.

If your machineis enclosed¢losethedoors.Presf OWERUP

WARNING: Before you do the next step, remember thas@memodelsmotionbegindmmediatelywhenyou press
POWERUP. Make surethe motionpathis clear.Stayawayfrom the spindle, machine table, and tool changer. On some
modelsaPowerUp boxwill bedisplayedThisboxwill allowyouto zeroreturnthemachinemanually.

WARNING: ST-10/15with sub spindle and live tooling the machilearanceareverytight. To zeroreturnit, dothesesteps:
Press Hand Jog to move the turret to a safe locd®ioessT to zeroreturnthetool turret.

Press MDIthen ATCFWD or ATC REV to index the turret sthattheshorttool faceshespindles.

NOTE:If yougetamessageMachineis Not Zeroed!Makesurethatsetting325ManualModeEnableds setto On.
Zeroreturnthe otheraxis. Presghe axisletterfollowed by the singlebutton.

Power Up

" A
Machine may not be safe to zero !

f ' E return. Jog to a safe location f ' E
L then select an action below. L

- To zero return tool turret

To zero return in order:
1: X

- 2: Tailstock

3: Z+Bar Feeder
4: Tool Turret

lijog to a safe location

C |
L - ance )

Thecontrolis nowin OPERATION: MEMmode.You cannow press CYCLE START to run the active program, or you can use
othercontrolfunctions.



Learning Outcome2.2-1: Select Cutting Tools
Content:

1.Cutting Tool Types and Applications
2.Insert Identification and Selection
3.Tool Sequencing Strategy

4.Cutting Tool Geometry and Impact
5.Cutting Parameter Selection

Required Materials:

Mild Steel Shafts (@50mm x 150mm)
Insert Selection Charts
Cutting Parameter Tables

Workshop Logbook

a ~ w0 n e

Tool Setup Sheets

Assessment Criteria:

Cutting toolsandinsertsare identified and selected according to the machining requirements.
Appropriate sequence of cutting tools for the operation is selected.

Cutting tool geometry is explained to the operation.

Appropriatecutting parameterare followed according to the job material specifications.

NS .

Learning activity Resources/Special instrumentation/References

Information sheet:2:2
Self-check: 2.21
Answer key: 2.21

Job sheet: 2:2

Prepare CNC Turnning Centre.

E




Information Sheet 2.21

Lathe Tool Types

Thefollowingis alist of the most common lathe-spedfic toadl types. Whil e these are the most common
typesyou arelikely to use,theyrepresenbnly a small numberof thetoolsthat areavailable.

Face/Turn

For facing and rough turning, use a more rigid tool such as a round, square, or 80 degree diamond.
Finishingmay require a more versatile tool, such as a 55 or 35 degree diamond. These provide more
side and endutting angle relief to reach and contour part details. Inserts must match the tool holder,
and that meantheright type, size, shapandclampingfeature(s).

Facing Tool:

- Purpose: Creating flat perpendicular to spindle axis
- Insert Type: CNMG, DNMG, or TNMG style

- Geometry: 80° or 55° diamond shape

- Application: Facing operations, shoulder facing
Turning Tool:

- Purpose: External diameter turning

- Insert Type: CNMG, DNMG, VNMG, or WNMG

- Geometry: Various angles for different access requirements
- Application: Roughing and finishing external profiles

Iso view

Control

Top view
Groove

Groovetools areclassifiedin part bytheir widthandcorner radii. Thouglised mostlyfor making
groovefeatures such as O-ring or snap-ring cuts, newe geneations of these tools can be used
for rough and finish contouringoperationsWhile notthebestchoicefor all roughingand finishing,
they work well in areasvhereadiamondor othershapecannoteasilyfit.

Besides there being many types of groove tools, there are many types of holders, depending
mostly on thecut direction for the tool. For example, there are groove holders for OD, ID, and



Face grooves, and these atkavailablein Left Handor RightHandmodels.

Grooving/Parting Tool:

- Purpose: Cutting grooves and parting off finished parts
- Insert Type: Specific width inserts (2mm, 3mm, 4mm, 5mm)
- Geometry: Square or rectangular with specific corner radij
- Application: Grooving, necking, parting operations

Iso view

—_—

Control ~

Top view
Thread

Tapped holes at the center of part, up to about one inch diameter, can be made using a form or
cutting tapjustlike ona mill. Larger IDthreads andll ID threads usathreadinsert.

Thread tools are set to the tip of the thread point in Z and X. Z is set by touching off on the edge
of the partandthentakinginto accounthe distancefrom this edgeto thetip of thethreadpoint,
adistanceincludedn theinsert documentation.

Often a thread gage is used to check threads, and the X-offset for the thread tod adjusted to
achieve the propersizeandfit (ThreadClass.
Threading Tool:

- Purpose: Cutting internal and external threads

- Insert Type: 60° Yprofile specific to thread pitch

- Geometry: Ground profile matching thread form

- Application: Metric, unified, or special thread forms

Iso View



Control

Top view

Holes 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.
Becausdhey come to a sharp point and resist bending, they locate the hole precisely. The conic helps
prevent thesubsequendrill from wobblingandensure the drills located preciselynd drillsstraight

down.

Countersink drills are used to create the conical face for a machine screw. Combined spoatting-
courtersiks are usedo createa screwclearanceénole andcountersinkn oneoperation.

There are many different sizes and tip angles of center, countersink, and combineBedslise
the tipangle of the countersink matches the included angle of the machine screw, and that the drill
diameter igreater thamhe screwheaddiameter.
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Spotting Drill Countersink Combined

Twist Drill

Twistdrills areavailablein manydiametersandlengths.Usuallymadeof high speedsteel carbide,



or cobalt,they may also be coated with titanium nitride (Tir longer life. The tip angle of most
twist drills is 118degrees.

I

Drill Bit: :
- Purpose: Creating holes in solid material ‘ /
- Types: Twist drills, center drills, indexable drills '”Lfl '
- Materials: HSS, cobalt, carbidgpped L
- Applicatiort Hole making, center drilling
, Tip Angle

Twist Drill

Bore

Precisionholesare often finishedwith a boringtool. Boring bartools are mountedparallelto the
machinepindle.Theyrequirea holein the partlargeenoughto allow thebarto safelyenterandexit
thebore.

Boring Tool:

- Purpose: Enlarging and finishing internal diameters
- Insert Type: Small positive rake inserts

- Geometry: Designed for internal access

- Application: Boring holes, internal profiling

Iso View

Top view

Toolsand Tool Holders

While lathes use some of the sametools that mills use, including spot drills, drills, and taps,



mostturning is doneusingcarbideinserts. Insertaregripped in holders, whichin turn are bolted
to the lathe turret (se€ig. 4). Figure shows a typicd insertholder combination. This is a left
-handed holder, because the tool cutting edgepointsto the left whenviewing the holderfrom the
top asshownin Figure.

Holder

Clamp
— Screw

Insert

Carbide inserts employ highly engineered composite structures, coatings, and geometry features
to achievegreat accuracy and high material removal rates. Some inserts can be indexed to use
other edges when oteecomes worn. Inserts ageickly andeasily replaceat themachine.

I.C.
Shape

Hole
Nose Angle

Nose Radius —

Chip Breaker

A chip breaker is a feature in the face of the insert that disrupts the flow of chips such that they
break intoshort segments, rather theorming along, stringychip.

Relief Angle

Most inserts have drafted faces on the walls. This is called Relief Angle. Relief prevents the walls of
theinsert fromrubbingagainst thepart.



Nose

Drafted

Relief Front

Tool Cutting Angles

The edge of the tool in the cut direction forms an angle with a line perpendicular to the cut direction.
This is called Side Cutting Angle. The angle formed by the trailing edge and parallel to the cut
direction is called th&nd Cutting Angle.

The purpose of these angles is to provide proper clearance between the tool and work piece. For
examplethe 80 degree insert shown in Figure 16 is rigid and has enough side and end cutting angle
for facing andrough turning operations. However, complex contours may require a 55 or 30 degree
insert to provide toaside and end clearance for the tool and holder. Very steep or vertical walls may
require a round or slot totd carve.

Cut Direction

Side Cutting Angle

End Cutting Angle
Stock




Rake Angle

Rakeangleis sethy the tool holder.Rakeanglehelpscontrolthe directionof the chip andcutting
pressureAngle is measured from face of the inset to the Z- X plane of the machine.

y Spindle
Q/ Direction
Feed
Direction @

Neutral

Negative|

Positive

Rake Angle

Insert Designations
Carbideinsertsusea codingsystemof numbersand letters to describetheir shape,dimensions,andimportant

parameters For example, the designation of the inset shown in Figures

C MG-43

Shape
Clearance Angle Mose Radius
Tolerance Thickness
Hole/Chip Breaker I.C. Size

Shape(CNM G-433)



There are at least 18 different shapes of carbide inserts. The most commonly used are shown in Table
1 withtheir letter designation. The angle in this designation refers to the included nose angle at the
cutting radiusof thetool.

T Triangle A
S Square @
c 80degreediamond @
D 55degreediamond g

Vv 35degreediamond ﬁ
R Round @

Clearance Mgle (CNM G-433)

Clearance angle is the draft on the face(s) of the insert that contact material during machining. More
aboutinsert angles &ttle later.

Designatio ClearancéAngle
n

N 0 DegreegNo Draft)
A 3 Degrees
B 5 Degrees
C 7 Degrees
P 11 Degree

Tolerance (CNM G-433)

This is how much variation is allowed in the dimensional size of the insert. Tolerances described with th
parameteincludethecornerpoint (noseradius),thicknessandI.C. Typical tolerancesreshownin Table

Designatio Cornerpoint  Thickness I.C.
n
M .002-.005 .005 .002-.005
G .001 .005 .001
E .001 .001 .001
K .0005 .001 .002-.005

Hole/Chip Breaker (CNM G-433)



The hole/chip breaker designation describes both features with oneTatdnole in the insert
and toolholder must match. If no letter exists in this field, then the insert does not have a hole to
secure it to théolder, ands heldby clampforceonly.

Designatio Hole Shape ChipbreakeiType
n
G Cylindrical Single-sided
W 40-60 deg, doulde c-sink None
R None Single-sided
T 40-60 deg, doule ¢-sink | Single-sided
P Cylindrical Hi-doulde positive
Z Cylindrical Hi-doulde positive

.C. Size(CNM G-433)

I nserts are measured by the diameter of an
Table 5 listehesizes youaremostlikely to use.

Designatio Decimal(inch) Fractional(inch)
3 .375 3/8
4 .500 1/2

Thickness(CNM G-433)

Insertthickness.

Designatio Decimal(inch) Fractional(inch)
3 .187 3/16
4 .250 1/4

Nose Radius (CNM G-433)

Insertcuttingnoseradius.

Designatio Decimal(inch) Fractional(inch)
1 .016 1/64
2 .031 1/32
3 .047 3/64

Insert Identification and Selection

CNMG (G-shaped Negative Rake):
- Shape: 80° diamond



- Edges: 8 cutting edges
- Application: General purpose turning
- Strength: Good for roughing

DNMG (D-shaped Negative Rake):
- Shape: 55° diamond

- Edges: 4 cutting edges

- Application: Profiling and finishing
- Access: Better for complex shapes

TNMG (T-shaped Negative Rake):
- Shape: 60° triangle

- Edges: 6 cutting edges

- Application: General turning

- Economy: Good cost per edge

VNMG (V-shaped Negative Rake):

- Shape: 35° diamond

- Edges: 2 cutting edges

- Application: Fine finishing and profiling
- Precision: Excellent for detailed work

WNMG (W-shaped Negative Rake):

- Shape: 80° triangle with trigon shape

- Edges: 6 cutting edges

- Application: Heavy roughing

- Strength: Excellent for interrupted cuts

Tool Sequencing Strategy

Logical Operation Sequence:

. Facing Tool: Establish-Zero reference surface

. Center Drill: Create starting point for drilling

. Drill Bit: Produce required holes

. Turning Tool: Rough external profiles

. Boring Tool: Rough internal features (if needed)

. Grooving Tool: Cut grooves and undercuts

. Threading Tool: Cut threads

. Finishing Tool: Final passes for critical dimensions
. Parting Tool: Cut off finished part
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Optimization Considerations:

- Minimize tool changes by grouping similar operations
- Consider tool accessibility and potential collisions

- Plan for efficient chip management



- Account for tool rigidity in sequence planning
Cutting Tool Geometry and Impact

Rake Angle:
- Positive Rake: Reduced cutting forces, better surface finish
- Negative Rake: Increased strength, better for roughing

Clearance Angle:
- Prevents rubbing between tool and workpiece
- Affects tool strength and edge durability

Nose Radius:

- Small Radius: Better for fine finishing

- Large Radius: Stronger edge, better surface finish
- Impact: Affects surface finish and tool life

Cutting Edge Preparation:

- Sharp Edge: For aluminum and rfamrous materials

- Honed Edge: For steel and general purpose

- Chamfered Edge: For heavy roughing and interrupted cuts

Cutting Data

Tablesonthefollowing pagesprovidebasicspeedfeedandcutting datafor someof the materials
commonlyused forprototypesUsethe toolma n u f a c t unstead Whenevbtis agailable.

Mill Cutting SpeedgSFM) surfaceft/min

Material HSS Carbide
Aluminum 600 800
Brass 175 175
Delrin 400 800
Polycarbonate 300 500
StainlessSteel(303) | 80 300
Steel(4140) 70 350

Drill CuttingSpeedgSFM) surfaceft/min

Material Drilling | C-Sink| Reamer| Tap
Aluminum 300 200 150 100
Brass 120 90 66 100
Delrin 150 100 75 100
Polycarbonate 240 160 120 100
StainlessSteel(303) | 50 35 25 35

Steel(4140) 90 60 45 35

CuttingFeedqIPR)in/rev

Operation Tool Diameter Range(in)
<.125] .125.25| .25.5 [ 51. | >1.




Milling

Aluminum .002 | .002 .005 | .006 |.007
Brass .001 | .002 .002 | .004 | .005
Delrin .002 | .002 .005 | .006 |.007
Polycarbonate .001 |.003 .006 | .008 | .009
StainlessSteel .0005| .001 .002 | .003 |.004
(303)

Steel(4140) .0005| .0005 |.001 |.002 | .003
Drilling .002 | .004 .005 |.010 |.015
Reaming .005 | .007 .009 |.012 | .015

Self Checki 2.2-1




Which insert type has 8 cutting edges and is good for general purpose turning?
What is the primary purpose of a grooving tool?

Name the logical first tool in a turning operation sequence.

What is the recommended cutting speed range for mild steel?

How does nose radius affect machining operations?

Which insert type is best for heavy roughing and interrupted cuts?

What are the two main types of rake angles and their characteristics?
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What is the typical feed rate range for finishing operations?

Answer Keyi 2.2

Answer: CNMG insert

Answer: Cutting grooves and parting off finished parts

Answer: Facing tool

Answer: 100-200 m/min

Answer: Small radius for fine finishing, large radius for better surface finish and stronger edge
Answer: WNMG insert

Answer: Positive rake (reduced cutting forces) and Negative rake (increased strength)
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Answer: 0.1-0.2 mm/rev

Job Sheefi 2.2-1



Quialification

ADVANCE CNC MACHINING CENTER OPERATION AND PRACTICE

Learning unit:

Cutting Tool Selection and Setup

Learner name:

Personal protective

Apron, Hand gloves, goggles

Materials

CNC Turnning Center

Tools and Equipments

CNC Turning Center, Various Turning Tool Holders, Insert Kits (CNMG,
DNMG, TNMG, VNMG, WNMG), Grooving and Threading Tools

Performance Criteria

1. Cutting toolsand insertsare identified and selected according to
machining requirements.

2. Appropriate sequence of cutting tools for the operation is selected

Cutting tool geometry is explained to the operation.

4. Appropriate cutting parametersare followed according to the jc
material specifications.

w

Notes

Procedures:

1. Identify and select appropriate cutting tools for machining a mild s|
shaft.

2. Choose correct insert types (CNMG, DNMG, etc.) for each cutting
operation.

3. Determine the optimal sequence of tools for facing, turning, groovi
and threading operations.

4. Install tools in the turret following proper orientation and clamping
procedures.

5. Set tool geometry offsets for each tool in the machine control.

6. Select appropriate cutting parameters (speed, feed, depth of cut) {
each operation.

7. Verify tool clearances and check for potential collisions.

8. Perform test cuts to validate tool selection and parameters.

9. Measure and document tool performance and surface finish.

10. Complete tool setup documentation in workshop logbook.

Learner Signature: Date:
Assessor Signature: Date:
Quiality assurer signature| Date:

Assessor Remarks:

Feedback

Information Sheet 2.31

Learning Outcome 2.3-1: Perform CNCTurning Center using Controller.



Content:

Control Panel Operation

Manual Operation and Positioning

Offset Setting Procedures

VPS and Shape Creator Programming
Override Functions and Their Applications
Program Execution and Monitoring
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Required Materials:
1. Workplace (simulated or actual)

CNC Machine

Work holding device

CNC controller

Memory stick

Sample part/model

Measuring instruments

Job specifications, drawings, or work instructions
. Job operation sheet.

10. Stationary

11. Learning manual
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Assessment Criteria:

Functions keysinddisplay keysare used for machine adjustments.

Mode keyandoverride keysare selected and used as per requirement.

CNC machine axes positioning is performed using the hand jog.

Work offset and tool offset are set and adjusted.

Visual programing system (VPS) and Shape creator are carried out as per drawing.

akhwbdPE

Learning activity Resources/Special instrumentation/Reference|

Prepare CNC Turnning Centre. Information sheet:2:2
Self-check: 2.21
Answer key: 2.21

Job sheet: 2:2
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Information Sheet 2.3

Haas Control Overview



A This overview is designed to provide the user with a familiarity of Haas mill and lathe controller. Durin
this half day class participants will be exposed to the control keys, features and basic control operation.

Schedule

Introductions

Control Layout

Control simulator demo
Break

Control Layout (Continued)

o Do Do Io o Do

Control simulator demo

Powering Up



ATo power the machine up, first turn the breaker
green POWER ON button.

ABefore shutting machines off the emergency stop
active from the last shut down.

ARel ease the emergency stop by rotating it clockw

f

POWER OFF

O

Front PanelKeys

Thefront panelkeys argheones used to interfaedgth the machine.



These keys argplit upinto afew categories:

Function
Cursor
Display
Mode
Numeric
Alpha
Jog
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Overrides
This tutorial will go more in depth with eachtloése

Function Keys
There are a few keys in the top left corner that have a variety of uses.

A Resefi Stops active programs and clears alarms.



A Power upi is used after the machine has started to zero all the axis. All axis have to be returned |
before using the machine.

Alarms
.. . Active Alarms | Messages s
nWAIIHY 211 ! WRt Wet VK_SHIFT RELEASED 2019/03/08
VK_FUN] RELEASED 2019/03/08
VK_ENTER 2019/03/08
an alarm or to prevent an VK_ENTER RELEASED 2016/03/08 10:53:37
VK_RIGHT 2019/03/08 10:53:41
. . VK_UP 2019/03/08 10:53: 42
inevitable error. A couple WCRIGT 2019/03/08 10:53: 42
VK SHIFT 2019/03/08 10:53: 47
VK_FUNL 2016/03/08 10:53: 47
common uses are to recover from VK SHIFT RELEASED 2019/03/08 10:53: 47
VK_FUNL RELEASED 2019/03/08 10:53: 47
VK_UP 2019/03/08 10:53:58
a bad tool Change or from an VK_UP 2019/03/08 10:53:58
VK CANCEL 2015/03/08 10:53:56
H H VK_RIGHT 2019/03/08 10:54:00
incomplete tapnina cvcle. VK_RIGHT 2019/03/08 10:54:02
VK_SHIFT 2019/03/08 10:54:05
VKCFUNL 2019/03/08 10:54: 06
VK_SHIFT RELEASED 2015/03/08 10:54: 06

n[-N4 1 Has multiple uses
depending on the application. There
will be a prompt when they are
needed.

Recovery Examples

A Each scenario that requires a Recovery is diff
steps needed to rectify each instance.
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Function Keys

1 There are some subtle differences in the offset keys in lathe. While a mill has Tool Offset Measure an
Zero Set, lathes have X Diameter Measure and Z Face Measure.

1 Z face Measure records the current tool position.

1 X Diameter Measure Records the tool position in relation to the lathe centerline. The tool is touched
diameter of known size, this records that position, then the operator inputs the distance to the lathe cen
(the known radius).

Function Keys

A fANext select the

used to

Tool 0 i s next too



A X/Zi Toggles between the X & Z axis while in jog mode.

Tool Offset Measuré Uses the|cl e the tool length offse

Next tooli Selects the next tod g setups.

Tool Releasé releases the tool from the spindle.

= =2 =2 =2

Part Zero Sett Will insert the current X&Y position into whatever work offset is highlighted.

Cursor keys

A Cursor keys are used to navigate menus.



A Aside from the 4 directions there are four other functions:

A Home goes to the top of the page.
A End goes to the bottom of the page

A Page up and page down move up or down respectively the distance of one page.

Display Keys
A The display Keys switch the display over to different screens.

A Each screen has its own unique use.

Program:

mN6 WG YNI ¢
displays the current
program.




Position:

" Position is where the operator can view the position of the machine tool.

" The active display tab will be the one that shows up in the active screen on the control

Work Distance To Go Machine Operatar

Position: (IN)
Axis Work G54 Axis Dist To Go
X -11.4280 X 0.0000
Y -3.1265 Y 0.0000
z 16.4341 z 0.0000
B 0.000 B 0.000
C 0.001 C 0.000
Axis Machine Axis Operator
X -29.4410 X -29.4410
Y -8.3100 Y -8.3100
Zz 0.0000 z 0.0000
B 0.000 B 0.000
C 0.001 C 0.001
- To view optians v
There are multiple applications:
n Work - relative distance from PRZ
n Distance to go- distance left in a move
n Machine - Distance from machine home
n Operator - which allows the operator to zero the current position

Offset:

Offsets is where the machim®rk andtool offsetsarestored.
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Eriter & Value

- Tool Offcet Maature - Set Valus - Add Tovalus

- Work Offcat

Current Commands;

u Current commands shows timers,
active codes, a tool table, and much more.

u Here are all the timers for the

rmanhinAa

Macro Vars

Date:

Time:

Time Zone:

Power On Time:
Cycle Start Time:
Feed Qutting Time:
This Cycle:

Last Cycle:

Qurrent Commands

Tool Table [+]

Loops Remalning:
M30 Counter #1:
M30 Counter #2:

Macro Label #1:
Macro Assign #1:

Macro Label #2:
Macro Assign #2:

.

Enter Date In The Format MM-DD-¥YYY

=a =9

Timers Macro Vars

G-Codes Address Codes

| Goe N
GL7 X

~Oah v

Tab over to the right to see all the active codes. For example, no canned cycle is active (G80).
Feeds and speeds also show up here.

Current Commands

ATM

DHMT Codes

00 | Programmed Feed Rate
0o Actual Feed Rate

On Drmmrarmman Cnindls Enanr

Speeds & Feeds

> 9«



T Tool

1 There are even calculators within current commands.
1 There is a standard calculator, as well as one specific to milling, and one for tapping.

Tvess

zandars

dacavEs

H rg

tab

Timers

Active Tool

| e shows

wher e

Current Commands

ATM

1 Next Pocket

Spindle
1 7
2 | 40
3 Heavy ] 41
[L 5
S 13
6 2
7 6
8 17
9 21
10 10
11 25
12 18
13 20
14 18
15 11

* Indicates Current Tool Changer Pocket
Green indicates a large pocket. Yellow indicates an estra large pocket.
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Calculater
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Media
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Timers
Stenderd

Macro Vars
viling

Qurrent Commands

Active Codcs
Tepping

ATM

Too Tcble

S

ar e.
different tool holder pods for efficiency sake. However when the machine calls up a tool, it knows where |
left that tool number last.

1 Simply put, this table here explains which tool is in what pocket.
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The alarms scre includes a description of the issue.

* Mt to Meld Mame Denotes Calealstes ve e

Alarms And Messages

Alarm History Alarm Viewer Key History

No Active Alarms

. - ' - scroll Description

Diagnostic

This page di spl ay s powsankimenae préssurfe,ovoltaga, and mack maret 6 s

Maintenance Farameters

System o MOCON Keyboard IfO

{ Coolant Level l TSC Pressure

|l Y




Setting

Settings is where all the machine settings are located.

L)

Network Rotary User Positions Alias Codes

Search (TEXT) [F1]. or [F1] to clear. |

Miscellanaous
Program
\Control Panel
[Editing
\Graphics
Overnides
[Pallet Changer
Compensation
\Maintenance
Power Settings
Probe

Machine Setup

VIVIVVIV|V ¥ VIV VWV

¥

- Restare default settings menu,

Help

The help screen will give assistance and resources regarding the operators specific needs.
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Mode Keys

Mode Keys toggle the machine between different functions. In other words, the operator switches between n
based on their needs.

One example is moving into handle jog mode to manually move the spindle.

Mode: Edit

Edit keys are used to edit programs. With them text can be:



