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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 Program loading.   

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 and PPE requirements are reviewed and followed before starting any machine operation.  

2. Types of CNC machining center and an overview of their components are 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 of cutting tools and inserts are 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. Appropriate cutting parameters are 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 mode is executed.  

16. Overrides keys are performed.  

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

 

Learning outcome1.1: Prepare CNC Machining Centre. 

Content:  

1. Machine main breaker  

2. Voltage stabilizer 

3. Air pressure valve 

4. Oil and grease level indicator 

5. Power on and off switch 

6. Machine power-up button 

7. CNC controller and keyboard 

8. Automatic tool changer 

9. Work holding and clamping devices 

 

 



Assessment criteria: 

1. Safety protocols and PPE requirements are reviewed and followed before starting any machine operation.  

2. Types of CNC machining center and an overview of their components are 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. 

 

 

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 1.1-1: 

 

Learning activity Resources/Special instrumentation/References 

Prepare CNC Machining Centre. ¶ Information sheet:1.1-1 

¶ Self-check: 1.1-1 

¶ Answer key: 1.1-1 

¶ Job sheet: 1.1-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     



Information sheet 1.1-1: 

 

1.1.1 Introduction to the CNC Machining Center.   

A CNC (Computer Numerical Control) Machining Center is an automated manufacturing machine tool used for 

precision machining of complex parts. Unlike manual machines, all operations are directed by pre-programmed 

computer commands, ensuring high accuracy, repeatability, 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.   

 

 

 

 

 

 

 

 

 

 

 

 

1. Controller:   

- The "brain" of the CNC machine   

- Interprets G-code 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 (16-120+ tool capacity)   

- Types: Carousel-type, chain-type, or disk-type 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 4th-axis 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 (ATC ï 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 CNC Machining Center depends not only on the machine itself but also on the external 

utilities that power and support it. This section details the essential electrical and pneumatic requirements, including 

their standard specifications and necessary supporting components, to ensure a stable and efficient production 

environment. Proper installation of these utilities is fundamental for achieving optimal machine performance and 

longevity. 

 

 

 

 

 

 



A. Electrical Power Supply 

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

 
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 Frequency: 415V 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 medium-sized 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. 

 
Figure : Three-phase voltage stabilizer 

 

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 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 Machines 

require a Pneumatic Air supply ensure precise operations.  

 
Figure : Penumatic Supply 

 

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 9 bar 

 

 

Air Flow Capacity:  The compressor and supply line must deliver sufficient CFM, or Cubic Feet per Minute, to 

meet the machine's peak consumption. 

 

Air Quality:  Must be clean and dry. 

 

Required Components: The required components to ensure the Pneumatic supply 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. 

 
Figure : Air 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 oil 

mist to lubricate pneumatic cylinders and valves. 



 

 
Figure : Line Filter and Lubricator 

 

 

 

Start/Home Machine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shut Down CNC 

Check List  Buttons 

1 Work  Area: Clear  

2 Air  Supply: On/Correct 

Á Fanuc requires at least 70PSI for tool 

changer to operate. 

 

3 Main Breaker: On  

4 POWER ON: Press 

 Ensure Emergency Stop is not 

tripped. If  it is, twist red knob right to 

release. 

 Wait until message 102 SERVOS OFF 

appears before proceeding. 

POWER ON 

5 RESET: Press RESET 

6 Power On Restart: Press 

Á Ensure doors are closed and work area 

is clear. 
Á Allow all machine axes to home before 

proceeding. 

 
POWER UP 

 

RESTART 

Check List  Buttons 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Load Tools & Unload 

 Move Spindle to Tool Change Position 

1. Press JOG mode. 

2. Move the spindle head to a safe height using the Z-axis handle. 

3. Bring the spindle to the tool change position (often automatic by pressing ñTool Change Positionò or MDI 

command). 

Select Tool Change Mode 

Depending on your machine type: 

¶ If it has an Automatic Tool Changer (ATC): 

o Select MDI mode. 

o Input the following command: 

o T01 M06; 

Ÿ This means select Tool #1 and execute tool change. 

o Press Cycle Start to load the tool automatically. 

¶ If itôs a manual tool loading machine: 

o Press Tool Release button on the panel or spindle head. 

o Insert the tool holder into the spindle taper. 

o Release the button to clamp the tool securely. 

 

1 Remove tool from spindle: 

Á Enter the number of an empty tool carousel. 

Á Select ATC FWD 

 

 

ATC FWD 

2 Jog Machine to Safe Area: 

Á Select Jog 

 

3 Shut Down Button:  Press  

POWER OFF 

Post Power -­ Down Checklist: 

Á Wipe spindle with a soft clean rag to remove coolant and prevent rusting. 

Á Put away tools. 

Á Clean up work area. 

Á Always leave the machine, tools, and equipment in the same or better condition than when you 

found them. 



 

 

 

 

 

 

 

Tool holder with cutting tools 

 

Clamping device 

Clamping is a vital process in wood manufacturing as it ensures that the wood pieces remain firmly in place 

during cutting, drilling, sanding, gluing, and finishing. Without clamping, woodworkers would struggle to 

maintain the precision and accuracy required to create high-quality products 

 

1. Machine Vice 

¶ Description: The most common workholding device. The workpiece is held between two jaws (fixed and 

movable). 

¶ 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. 

¶ Applications: Ideal for rectangular or square jobs. 

 

 

 

 

 

 

 

 

 

 

 

T-Bolt and Clamping Kit (Step Clamp Set) 

¶ Description: Includes T-nuts, T-bolts, step blocks, and clamps used to fasten irregular or large workpieces 

directly to the machine table. 

¶ Applications: Suitable for large, heavy, or odd-shaped components where a vice cannot be used. 

¶ Advantage: Provides strong and flexible clamping. 



 

 

 

 

 

 

 

 

 

 

 V-Block with Clamp 

¶ Description: V-shaped block that supports cylindrical workpieces. 

¶ Applications: For holding round bars or shafts during milling or drilling operations. 

¶ Feature: The ñVò groove ensures firm seating. 

 

 

 

 

 

 

 

 

 

 

Selection of Clamping Device Depends On: 

1. Shape and size of workpiece 

2. Type of machining operation 

3. Required accuracy and finish 

4. Production quantity 



Job clamping in a CNC milling machine is one of the most important steps before machining ð it 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 clamping in a CNC Machining Center: 

1. Preparation 

¶ Clean the machine table and workpiece: 

Remove chips, oil, and dirt from the table, T-slots, and workpiece surface to ensure a flat and stable 

setup. 

¶ 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 non-ferrous or thin parts) 

2. Position the Workpiece 

¶ Place the job roughly at the desired machining location on the machine table or fixture . 

¶ Ensure enough space for tool movement and safe clearance for spindle travel. 

¶ If using a machine vice, ensure: 

o The vice is aligned parallel to the machine axis (usually X-axis). 

o The job is placed flat on the vice bed. 

3. Align the Workpiece 

¶ Use a dial indicator  or edge finder to align one side of the workpiece parallel to the machine axis. 

¶ Tighten the clamps slightly, check alignment, then fully tighten. 

¶ Recheck after full tightening to ensure alignment hasnôt shifted. 

4. Clamping Operation 

¶ Tighten clamps evenly and progressively to prevent job tilting. 

¶ Use step blocks under the clamps to maintain parallel force. 

¶ Place packing pieces if the job surface is irregular. 

¶ Ensure clamping bolts are properly positioned in T-slots (not at slot ends). 

¶ Avoid excessive clamping force that may distort thin jobs. 

5. Verify Setup 

¶ Rotate the spindle or move the tool around the job manually (in jog mode) to ensure there is no 

collision with clamps or fixtures. 

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

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

6. Safety Check 

¶ Ensure all clamps are tight and secure before starting the spindle. 

¶ Never reach near the rotating spindle or moving parts. 

¶ Use safety guards if available. 



Example of Common Clamping Methods 

Job Type Clamping Device Remarks Job Type 

Rectangular block 
Machine vice or step 

clamp 
Ensure flat contact Rectangular block 

Irregular casting 
Custom fixture or step 

clamp 
Use packing pieces Irregular casting 

Thin plate 
Vacuum or magnetic 

chuck 
Avoid distortion Thin plate 

Circular part 
V-blocks with strap 

clamps 
Use parallel supports Circular part 

 

Self-check: 1.1-1 

1. Mention two advantages of using CNC machining centers compared to manual machines. 

2. Write the function of the spindle head and tool magazine. 

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

4. List any four major components of a CNC machining center. 

5. What are the utilities required for CNC machine installation? 

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

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

Answer key: 1.1-1 

1. Mention two advantages of using CNC machining centers compared to manual machines. 

¶ High accuracy and repeatability: CNC machines operate with computer control, reducing human error. 

¶ Increased productivity: Automated tool changes and continuous operation reduce setup and machining 

time. 

2. Write the function of the spindle head and tool magazine. 

¶ Spindle Head: Holds and rotates the cutting tool at controlled speeds and directions (CW/CCW). 

¶ Tool Magazine: Stores 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? 

¶ Reduces heat generated during cutting. 

¶ Improves surface finish and extends tool life. 

¶ 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? 

¶ Electrical Power Supply: Stable three-phase AC power (415V, 50Hz) with voltage stabilizer. 

¶ Pneumatic Air Supply: Clean, dry compressed air (6ï9 bar) with air compressor, air dryer, and filter-

lubricator. 



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

¶ Removes moisture from compressed air to prevent corrosion and damage to pneumatic components. 

¶ 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? 

1. Ensure work area is clear and air supply is ON. 

2. Turn the main breaker ON. 

3. Press POWER ON (release emergency stop if tripped). 

4. Wait for the ñSERVOS OFFò message. 

5. Press RESET and then POWER ON RESTART to home all machine axes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Job Sheet 1.1-1 

 

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 ¶ CNC machine 

Tools and Equipments ¶ Vice 

¶ Clamping set 

¶ Spanner 

Performance Criteria 1. Safety protocols and PPE requirements are reviewed and 

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 CNC 

milling operations. 

Procedures: 1. Trainee will collect required PPE and materials/resources. 

2. Will use required PPE. 

3. Clean the machine table, T-slots, vice, and workpiece 

surface. 

4. Place the vice on the machine table and lightly tighten with 

T-bolts. 

5. Align the vice parallel to the X-axis using a dial indicator. 

6. Insert the workpiece into the vice or place it directly on the 

table (depending on shape). 

7. Place step clamps if using a clamping kit, ensuring step 

blocks are level. 

8. Tighten the clamps gradually and evenly using the spanner. 

9. Check alignment of the workpiece with the dial indicator or 

edge finder. 

10. Ensure clearance between clamps and tool path. 

11. Set work offset (G54) after final alignment. 

12. Verify rigidity by tapping gently with a soft hammer ð job 

must not move. 

 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer signature:  Date:  

Assessor Remarks:  

Feedback  

 

 

 

 

 

Learning outcome 1.2: 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: 

1. Various types of cutting tools are identified.  

2. The appropriate sequence of cutting tools for an operation is selected.  

3. Appropriate cutting tools for a specific material are selected.  

4. Appropriate cutting parameters from the manufacturer's chart are followed.  

5. Different types of cutting tools inserts are identified. 

 

Resources:  

1. Cutting tools 

2. Inserts 

3. Raw materials 

4. Information sheet 

5. Holders 

6. Collet set 

7. PPE 

 

 Learning activity 1.2-1: 

 

Learning activity Resources/Special instrumentation/References 

Select cutting tools. ¶ Information sheet:1.2-1 

¶ Self-check: 1.2-1 

¶ Answer key: 1.2-1 

¶ Job sheet: 1.2-1 

 

Information sheet 1.2-1: 

A wide range of tool types and configurations are available for CNC milling machines. Discussing every 

type, variation and use is beyond the scope of this course. This chapter introduces the most commonly 

used tools for prototype and short run production machining. Any tool supply catalog will list many 

others. 

 

¶ End mills (Flat, Ball, Bull and Chamfer) Face mill  

¶ Corner Rounding tools 

¶ Slot Tools 

¶ Spot-­ Center Drill  

¶ Twist Drill  

¶ Tap 

¶ Reamer 

¶ Counter bore 

 

End Mills  



 

Milling  tools include flat, ball, bull nose and chamfer. 

 Fig.1.2-1: Mill tool Nose Types 

Flat nose mills are used for milling 2D contours and pockets. Ball nose mills are used for 3D milling. 

Bull  nose end mills have a radius corner. They are used to create a fillet  on the bottom of a wall. 

Because they are sturdier than an end mill  they are also sometimes used for roughing operations. 

Chamfer mills have an angled nose used to create a chamfer or to de-­ burr parts. 

Number of Flutes 

Milling tools usually have either two or four cutting flutes. Two flute cutters provide more chip clearance 

when milling in close areas. Four flute mills are more rigid, can be fed faster, and are preferred when 

greater chip clearance is not required, such as when milling an outside contour. 

Center-­ Cutting End Mills 

Milli ng tools are either center cutting or non-­ center cutting.   Center cutting mills can plunge straight down 

into material, while non-­ center cutting tools cannot. 

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

Notice that the cutting edges of the center cutting end mill  continues to the center of the tool. The 

center of the other has a small hole at the center.   Non-­ center cutting end mills require a pil ot hole, 

ramping or helical motion to plunge into material. 

 

 

 

 

 

 

 

 

 

 

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

Face Mill:  

A face mill has cutting inserts that are replaced when worn. They are rigid, may have up to eight 

or more cutting edges, and can remove material quickly. They are often used for the first machining 

Flat 
Nose 

Ball 
Nose 

Bull 
Nose 



operation to quickly create a flat finished face on the part. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2-3: Face Mill  

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 

subsequent drill  from wobbling and ensure the drill is located precisely and drills straight down. 

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

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

There are many different sizes and tip angles of center, countersink, and combined drills. Be sure the 

tip angle of the countersink matches the included angle of the machine screw, and that the drill 

diameter is greater than the screw head diameter. 

 

 

 

 

 

 

 

 

spotting Drill                     Countersink               Combined 

Figure 1.2-4: Countersink and Center Drill  

 

 

 

 

 

 

Twist Drill  

 

Twist drills are available in many diameters and lengths. Usually made of high speed steel, carbide, 

or cobalt, they may also be coated with titanium nitride (TiN) for longer life. The tip angle of most 



Tip 
Angle 

Twist 
Drill 

twist drills is 118 degrees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2-5: Twist  Drill  

 

Taps 

Cutting taps form threads by shearing material away. Form taps (roll taps) form the thread by 

forming the metal to shape. Form taps produce no chips and are used for soft materials including 

aluminum, copper, brass and plastics. 

 

 
 

Figure 1.2-6: Taps 

 

 

 

 

 

 

Bottoming taps are used to tap blind holes. Spiral point taps push the chip ahead and out the bottom 

of a through hole. 

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

Bottoming 
Tap 

Spiral Point 
Tap 



 

¼-­ 20 cutting tap requires drilling a .201 (#7) hole. Refer to the drill chart in Appendix A to find the 

correct drill size for a specified thread size and fit.  

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, reverses, 

and backs out of the hole. 

Machines without rigid tapping require special tapping attachments. Always refer to the manufacturersô 

instructions as the speed, feed, and other machining parameters for tapping attachments may be different 

that those for rigid tapping. 

 

Reamer 

Use reamers to create holes of precise shape and excellent surface finish. Reamed holes are usually 

accurate within .0002 inches diameter. For example, a reamer is used for holes used for ground pins and 

bushings. 

Reamers require a specific size hole be drilled before use. Cutting speeds and feeds are also important. 

Remove too little or too much material and the hole will  not be the correct size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 pilot ensures the spot face is centered on the hole. 

Counter boring is not necessary when using a CNC machine. Rather, create a spot face using 

a pocket or circle mill tool path. This saves having to buy and stock counter bore tools and pilots, 

and the time required to load and set up the counter bore. 

 

Cutting Tool Fundamentals 

Rotation Direction 

All tools (except left -­ handed taps) rotate clockwise (M3) when viewed from the machine spindle 
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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 into 

the material it causes a small amount of the material to shear away, forming a chip.  

 

                                                                                       Tool Direction 

                      

 

 

 

 

 

 

 

                                      

                 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 ejected from the work area it carries with it some of the heat generated by the shearing 

process. 
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Figure1.2-10: 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 machining process. Chips 

should be curled and may change color due to heating. 

After gaining some experience machinists are able to adjust cutting speeds and feeds based in part on 

the size, shape, and color of chips and on the sound produced by 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 and then decreases to zero. This is called Climb Milling . 

Cutting in the opposite direction causes the tool to scoop up the material, starting at zero thickness and 

increasing to maximum. This is called Conventional Milling . 



Conventional milling is used often on manual machines because backlash in the machine lead screws 

causes the tool to lurch when climb cutting. This is not a problem on CNC machines because they use 

ball screws. 

Conventional milling causes the tool to rub against the cutting surface, work hardening the material, 

generating heat, and increasing tool wear. Raking chips across the finished surface also produces a 

poorer surface finish. 

Unless specifically recommended by the tool manufacturer for the material being milled, always use 

climb milling on a CNC. Climb milling produces far less cutting pressure and heat, leaves a better 

surface finish, and results in longer tool life. 

 

 Cut Direction 

 Spindle Rotation 

 

                                                                             Climb Milling  

 

 

 Cut Direction 
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                                                         Conventional Milling  

 

                   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 (IPM). Probably the most vexing 

problem for the beginning CNC machinist is selecting proper cutting speeds and feeds.   This 

selection is actually more difficult on a CNC than a manual mill because, with a manual mill, the 

operator can feel the cutting pressure and alter the feed based in part on the cutting force. 



CNC mills require calculating speeds and feeds in advance. These speeds and feeds can, and often 

are, adjusted at the machine based on chip shape and color, cutting sound, and machine horsepower 

meter readings. 

Cutting parameters are essential factors that affect the machining process's efficiency, quality, and tool life. The 

key parameters include: 

1. Cutting Speed (Vc) 

¶ The speed at which the cutting edge moves relative to the work-piece. 

¶ Measured in meters per minute (m/min) or feet per minute (ft/min). 

¶ Depends on material, tool type, and operation. 

¶ Formula:   Vc=ˊDN/1000V 

¶  Where: 

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

o N = Spindle speed (RPM) 

2. Feed Rate (f) 

¶ The distance the tool moves per revolution or per tooth in milling and drilling. 

¶ Measured in mm/rev (for turning)  or mm/min (for milling and drilling) . 

¶ Formula for feed per minute (turning): 

                                               fm=fr×N 

Where: 

o fr = Feed per revolution (mm/rev) 

o N = Spindle speed (RPM) 

¶ Formula for milling: 

                                   fm=fz×Z×N 

Where: 

o fz = Feed per tooth (mm/tooth) 

o Z = Number of teeth 

o N = Spindle speed (RPM) 

3. Depth of Cut (ap) 

¶ The thickness of material removed in one pass. 

¶ Measured in mm. 

¶ Affects material removal rate (MRR) and tool life. 

4. Material Removal Rate (MRR) 

¶ The volume of material removed per unit time. 

¶ Formula (turning):      

                                  MRR=Vc×fr×ap 

¶ Formula (milling):  



                             MRR=fm×ap×W  

Where W is the width of cut. 

5. Spindle Speed (N) 

¶ Rotation speed of the spindle. 

¶ Measured in Revolutions Per Minute (RPM). 

¶ Formula:                 

                                      N=1000ĬVc/ˊDN   

Where: 

o Vc = Cutting speed (m/min) 

o D = Tool or work-piece diameter (mm) 

6. Cutting Force (Fc) 

 

1. Axial Force (Ff) 

This force acts along the axis of the workpiece (toward the chuck). 

Itôs represented by the horizontal red arrow in the image and affects the feed direction. 

 

2. Radial Force (Fp) 

This force acts perpendicular to the workpiece axis (side direction). 

Itôs shown as the vertical red arrow and tends to push the tool away from the workpiece 

 

 

 

 

 

 

 

 

¶ The force required to cut material. 

¶ Depends on feed rate, tool geometry, and material. 

7. Tool Life & Surface Finish 

¶ Higher speeds increase tool wear but improve finish. 

¶ Lower feeds and depths of cut improve surface finish. 

Self-check: 1.2-1 

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

2. What is the difference between center cutting and non-center cutting end mills? 

3. What is the function of a face mill? 

4. Define chip load and state its importance. 

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

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



7. State two functions of coolant in CNC machining. 

Answer key: 1.2-1 

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 

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

2. What is the difference between center cutting and non-center cutting end mills? 

Center Cutting End Mill  Non-Center Cutting End Mill  

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

Used for pocketing and drilling operations. 
Used for side milling and contouring. 

 

3. What is the function of a face mill? 

¶ A face mill is used to machine large, flat surfaces quickly and accurately. 

¶ It has multiple cutting inserts mounted on its face and periphery to remove material efficiently. 

4. Define chip load and state its importance. 

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

 

 

¶ Importance: 

o Determines surface finish quality. 

o Affects tool life and cutting efficiency. 

o Too high chip load Ÿ tool wear; too low Ÿ rubbing and poor finish. 

 

 

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

 

 

Where: 

¶ N = Spindle Speed (rev/min) 



¶ Vc = Cutting Speed (m/min) 

¶ 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. Cutter rotates opposite to the feed direction. 

Chip thickness starts maximum and reduces to 

zero. 

Chip thickness starts from zero and increases to 

maximum. 

Better surface finish, less tool wear. Higher tool wear, possible vibration. 

 

7. State two functions of coolant in CNC machining. 

¶ Reduces heat generated during cutting. 

¶ Flushes away chips from the cutting zone. 

¶ Improves tool life and surface finish. 

 

  



Job sheet1.2-1 

Name: Select cutting tools and identify them with cutting parameters. 

 

Procedures: 

1. Trainee will collect required PPE and materials/resources. 

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 workpiece material 

7. 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 Sheet1.2-1 

 

Qualification  Advance CNC Machining Center Operation and Practice 

Learning unit: Select cutting tools 

Learner name:  

Personal protective Apron, Hand gloves, goggles 

Materials ¶ Cutting tools 

¶ Inserts 

¶ Workpiece materials 

Tools and Equipments ¶ Tool holder 

¶ Collet box 

¶ Spanner 

Performance Criteria 1. Various types of cutting tools are identified.  

2. The appropriate sequence of cutting tools for an operation is 

selected.  

3. Appropriate cutting tools for a specific material are selected.  

4. Appropriate cutting parameters from the manufacturer chart 

are followed.  

5. Different types of cutting tools inserts are identified. 

Notes  

Procedures: 1. Trainee will collect required PPE and materials/resources. 

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 material. 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer signature:  Date:  

Assessor Remarks:  

Feedback  

 

 

 

 

 

 

 

 

 

 

 

 



Learning outcome1.3: Perform CNC Machining Center using Controller 

 

Content: The trainees will identify the following components. 

1. Control panel 

2. Operational panel 

3. Mode keys 

4. Overrides keys 

5. Work offset and tool offset   

Assessment criteria: 

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

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

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. 

 

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 1.2: 

 

Learning activity Resources/Special instrumentation/References 

Select cutting tools. ¶ Information sheet:1.3-1 

¶ Self-check: 1.3-1 

¶ Answer key: 1.3-1 

¶ Job sheet: 1.3-1 

 

 

 

 

 

 

 



Information sheet:1.3-1 

 

Machine Warming up 

 

In the actual machining after a long-term 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 the 

machine or operated the machine after a long-term standstill, always perform a warming up (idling) by the trained 

and qualified personnel on the use of machine 

 

 

If main spindle temperature is below 20° C, perform sufficient warming-up additionally. 

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 CAUTION       lubrication is not smoothly operated, 

RPM should be slowly increased because of bearing sticking. 

Make warm-up 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 

speed 

5 Minutes 5 Minutes 

Spindle 3step 50% of Max. rotating 

speed 

5 Minutes 5 Minutes 

 4step 75% of Max. rotating 

speed 

5 Minutes 5 minutes 

 5step 80% of Max. rotating 

speed 

5 Minutes 5 Minutes 

                             

Total 

  30 Minutes 40 minutes 

 1step 1,000 mm/min 15 Minutes 20 Minutes 

Shaft 2step 25% of Max feed speed 15 Minutes 20 Minutes 

                            

Total 

 30 Minutes 40 Minutes 



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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Description of Switch 

Table Description 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 the 

machine will be ready for operation. 

 

 

 

Standby 

The machine becomes in standby. If the 

machine is ready for operation, the lamp of 

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 is lit 

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. 

 

  It can move each axis manually.  

 

 

 

 

 

 

 

Jog Mode 

 

 

 

JOG Mode 

If JOG mode is selected and 

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 at 

JOG MODE. If the JOG 

mode is, selected, the lamp 

will be illuminated 

 

   

HANDLE 

Mode 

If JOG mode is selected and 

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 mode 

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 NC 

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 in 

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 

JOG mode,and select feed rate with rapid 

traverse or feed override switch.,If axis 

feed button is pressed in zero return 

 

- Y, +Y 

- Z, +Z 

- 4, +4 



 

- 5, +5 mode, the selected axis will return to 

reference point 

Rapid  

When rapid feed is required, press this 

button, 

together with axis select switch, then axis 

will rapidly move as per selected %., 

 

 

 

       Switch  Description 

 1% 1% for machine axis rapid traverse 

speed will be applied 

25% 25% for machine axis rapid traverse 

speed will be applied. 

50% 50% for machine axis rapid traverse 

speed will be applied. 

100% 100% for machine axis rapid 

traverse speed will be, applied 

 

Feed, Override In Auto, MDI or JOG mode, control 

feed rate each 10% in range from 0 

to 200%., 

During automatic running, 

commanded cutting feed rate is able 

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 than 

3 seconds, the standby tool (standby 

POT) number appears. 



Allows you to view the tool 

information at the lower left of 

monitor., 

- SP. T: Displays the tool number of 

spindles., 

-PT. T: Displays the tool number of 

standby POT., 

 

 START In case the door is closed, press 

Select and Start Buttons together in 

manual mode, then spindle starts to 

rotate., In case the door is open, the 

spindle runs lower than 50r/min 

only while two buttons are pressed 

together., The lamp is turned on 

while spindle 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 at 

manual mode, spindle will stop., 

, In case door is open, spindle rotates only at 

50r/min., 

After power input at first time, command S code in 

MDI or Auto mode, then the spindle will rotate in 

manual mode 

 

 

 

 

 

 



       Switch  Description 

 

Spindle Override In Auto or MDI mode, control 

spindle overrides each 10% in 

range from 0 to 150%., But it is 

fixed as 100% during threading and 

tapping 

 Magazine Index It is to command tool index per 1 

step in JOG mode. While the 

buttons are pressed, turret will keep 

rotating., 

 

 

 Single Block During automatic program running, 

it continuously, stops at each 1 

block running execution., Press 

Cycle start button to run next single 

block. 

 

 Optional Stop If pressed the button to enable the 

function, the lamp is illuminated. If 

reading 'M01' in cycle start mode, 

the, program and machine (spindle, 

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 'I and run the next block 

automatically 

 

 Manual Door ¶ Door dose, lamp on 

¶ Door open, lamp off 

Auto Door, 

Open/Close 

This can open and close the door 

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 at 

override of Dry run operation 

speed. Use this to check up 

workpiece without tool., 

To release Dry run, press the button 

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 the 

lamp 

 Chip, Conveyor Select this button to rotate the chip 

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 starts 

or stops through coolant. While 

working, lamp is on 

Jet Coolant , In auto and manual mode, it starts 

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 during 

manual operation, it turns off 

monitor and stops servo after the 

lamp finishes flashing in setup time, 

While the lamp is flashing, press 

any button, then monitor only turns 

on, and Eco function is still 

working., If this button 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 to 

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 for 

automatic tool change 

APC Position Check lamp for enable location for 

automatic pallet, change (in case 

APC is supplied) 

Program Stop It lights up when M0O, M01, M02 

or M30 is executed and program is 

finished at MDI or auto mode., Run 

Cycle start or convert to Manual 

mode in order to turn it off 

Alarm, 

 

This indicates any abnormal status 

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 on 

this position, and have a key out for 

safety 

Prog. Write , Operation panel and program 

writing are enabled. 

Set Up The operation of machine control 

panel and program edit are enabled. 

Machine setup is enabled., 

Auto Cycle Start is disabled., 

 

  



Information sheet 1.3-2: 

 

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 T-arm stop 

- No running in auto mode or MDI mode 

 

Detailed operation at Set up mode 

 

 

Set up mode door unlock, (open enabled 

status) 

 

 

             Remark 
DOOR CLOSE DOOR OPEN 

PROGRAM START                 Disabled, 

 

SPINDLE 

Manual rotation, 

(Continuous, 

inching), 

Manual inching for 

less than 50 r/min 

Inching operation 

, AXIS Manual feed, 

(Rapid feed 

enabled), 

, Feed 2 m/min and 

less, Manual feed, 

(Rapid feed 

disabled) 

 

Turret Manual index, 

(Speed down), 

Manual index by 

two, buttons press, 

(Speed down), 

Two buttons press 

ATC ARM Manual rotation in, 

ATC maintenance, 

mode, 

Manual rotation in 

ATC, maintenance 

mode 

 

MAGAZINE Manual index, in 

manual mode 

Manual index, in 

manual mode 

 

TAILSTOCK Manual operation Manual inching  



COOLANT Manual operation Operation disabled  

AIR BLOW  

INSIDE CHIP CONV  

Manual operation, 

 

 

Manual operation, 

 

 

OUTSIDE CHIP 

CONV 

 

 

 

Manual pulse generator 

Portable Type 

 

 

 

 

 

 

 

Figure: Manual pulse generator 

 

 

 

 

 

 

 

 

 

 

Symbol                                  Description 

1 Emergency Stop If pressed this under emergency condition of 

machine, the axis feed and spindle rotation 

will be stopped and all operations of machine 

are immediately stopper., Same as the 

Emergency Stop button on the main control 

panel 

2 Enable S/W, 

 

Feed axis operation, etc. is enabled only if 

the permission switch is being pressed on the 

side of portable MPG. (CE, Option). 

 

 

 

 

 

 

, Select the feed axis X, Y, Z, 4, 5 and then 

magnification (x1/10/100) to enter the 

Handle Mode. Turn the Manual Pulse handle 

to start the feeding operation at the set 



 

3 

 

 

Manual Pulse Generator 

magnifications, 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 moving 

the axis with handle. For option axis (4,5 

axis), enabled if installed optionally. Without 

option, an alarm occurs 

 

 

 

5 

 

 

 

Handle Mode, Magnification, x1, x10, 

x100 

Select the handle mode and handle federate 

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 

 

1 

 

Manual Pulse, Generator 

Select the feed axis X, Y, Z, 4, 5 

and then magnification (x1/10/100) 

to enter the Handle Mode. Turn the 

Manual Pulse handle to start the 

feeding, operation at the set 

magnification., If turned the handle 

more than 5 times per 1 second, the 

amount of handle rotation and the 

travel distance of machine may 

differ 

 

 

 

 

2 

 

 

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), enabled 

if, installed optionally. Without 

option, an alarm occurs. 

 

 

 

3 

 

Handle Mode, Magnification, 

x1, x10, x100, 

 

Select the handle mode and handle 

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 

 

 

1 

 

 

Manual Mode Select Lamp 

Lamp is illuminated if the manual mode 

is selected., This time, magazine manual 

operation is enabled in the sub operating 

panel 

 

 

2 

 

 

Magazine CW Rotation 

If the manual mode is selected and 

Magazine CW Rotation button is 

pressed, the magazine makes one CW 

rotation (POT number increases). 

 

 

3 

 

 

Magazine CCW Rotation 

, If the manual mode is selected and 

Magazine CW Rotation button is 

pressed, the magazine makes one CCW 

rotation (POT number decreases). 

 

 

 

 

4 

 

 

 

 

Emergency Stop 

If pressed under emergency condition of 

machine, all operations of machine will 

stop immediately including the axis feed 

and spindle rotation., 

The same function as the Emergency 

Stop button on the main operating 

panel., 

 



 

Installation of sub operating panel depends on the machine 

specification. 

If operating the magazine in the sub operating panel, always remove 

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, 

(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 chapter 

selection soft keys of each function are described below. The horizontal four keys on the right-hand side are 

assigned to chapter selection soft 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 between 

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 ₈
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 switch.  

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

0NC device has closed structure, so exterior air must not mixed directly. 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. ₈STANDBY Lamp will flash for 3 seconds. Operation is ready. Check the Normal pressure of Oil Pressure to 

be set is on 3.5Mpa (35kg/·c). 

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 

 

 

Set-up 

 

This chapter describes the methods of manual operations by unit, necessary for preparations before automatic 

operation of the machine. 

 

1.Manual Rotation of Tool Magazine 

  

No. 

                 Operation      Position        Remarks 

    

1 

Check the status of machine and 

interference. 

        ATC  

    

2 

Select the automatic mode in the 

operating mode. 

Main Operating Panel 

 

 

    

3 

Rotate the magazine clockwise by 

pressing the tool magazine index button 

and the select button simultaneously 

Main, 

Operating Panel 

Rotate the tool one by one. 

Check the position of the tool. 

 

 

 

 

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. 

 

Any additional tool ejector is not required, and an operator can equip or remove a tool smoothly with both 

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 the 

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 ₈ZERO RETURN mode. 

2.Press the FEED button in the origin (zero) direction of the axis you want to return. The origin of each axis is 

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 designated 

direction to return to origin position. Not applicable to Absolute Method. 

Please one by one axis for Zero Return. (Z-axis 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Figure 3.2.1-1 JOG FEED (FANUC 0i-MF/Oi -MF Plus, FANUC 30/31/32i-B) 

 

2.Handle feed 

(1) Set mode selecting switch to ₈REF₉or ₈RAPID₉or ₈JOG₉ 

(2) Press ₈HANDLE₉ 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 

· X100:0.1mmper 1 Pulse 

For NC divided table (option) and B axis, unit refers to deg. 

(Example) 

In case of movement over extremely short distance when determining origin by 

obtaining center of Jig or object to be machined 

 

3.2.2 Rapid Feed 

 

1.Position the mode selective switch on ₈RAPID₉ 

 

2.Operate the spindle switch to be rapidly transferred (rapid transfer is performed only while operating). At this 

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 one of ₈JOG₉, ₈HANDLE₉and ₈ZERO RETURN₉ 

3. Hold the spindle tool firmly to press the tool "CLAMP", "UNCLAMP" button for about 0.5second once on the 

main operating panel. The tool will be removed from the tapered hole of spindle. 

(Hold the tool 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 spindle 

with the cleaner. 

5.With the spindle unclamped, insert the tool into the hole of spindle and press the button again. The tool will be 

engaged in the spindle automatically and the lamp will extinguish. 

 

Manual Data input (MDI) operation  

Using MDI 

 

1.Select the MODE switch on the ₈MDI₉. 

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 number 

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.If 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 temporarily. 

(5) If the machine door is opened, the coolant won't operate. However, for a gun coolant, the operation is enabled 

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 will be 

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 actual 

operation of coolant even if Coolant ON M-CODE 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.Detailed Description 

(1) At the first power ON, the function is set to OFF. Press Coolant related manual    button and Select Button 

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 ₈If 3.3.1 MDI is using₉1~4 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 CAUTION      won't complete. This time, 

decrease the value of spindle parameter No.4024 or increase the rpm. 

 

4.Press EOB on the "ADDRESS" key. 

5.Press INSERT key. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

            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 M05 with same methods, such stopping method. 

 

 

Determination for main spindle position 

 

1.Select ₈If 3.3.1 MDI is using₉1~4 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Position the mode selective switch to₈MEMORRY₉. 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 spindle 

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 except 

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 button 

on the operation panel to stop the machine.Also,when fault occurs, stop the machine by pressing emergency stop 

button on the operation panel. 

 

 

 

 

 

 

 

 

 

 

 

 

 If the workpiece is machined with newly written program 

 

1. '3.4.1 Perform 1-8 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 gradually 

proceeded. 

 



 

 

 

 

 

 

 

 

 

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, Turn the 

switch toon the single block and stop it. 

 

 

 

 

 

 

 

 

 

2.Turn mode turnover switch to ₈HANDLE₉or ₈JOG₉and manually operate it. 

 

 

 

 

 

 

3.When manual operation is completed, return the mode selection to ₈MEMORY₉ 

 

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

 

 

 

 

 

 

 

 

 

 

 

When 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 switch to ₈MDI₉. 

 

 

 

 

 

 

 

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

 

4.If 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 switch to ₈MEMORY₉and 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. 

If MDI operation is inserted with status of Note 1, when tape command is executed again, boring machine 

data command is not required before inserting the MC/MDI. 

 

0After converting the mode without executing input in the MDI, if automatic operation had been continued, since 

buffer contents is CAUTION replaced with non-executable buffer content and entered, it is not operated. Because 

it is danger, pay attention to it. 

 

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 

                            Axis 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 M06. 

3.Press the cycle start button and then see if the ATC MAG operation is smooth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 the 

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

 

Work Offset (G54ïG59) 

Purpose: 

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

A. Setting Work Offset 

1. Power ON and Home the Machine 

o Press the POWER ON button. 

o Perform Zero Return (Home All Axes) using the ZERO RETURN  or REF RETURN key. 

o This establishes the machine coordinate system. 

2. Clamp the Workpiece 

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

3. Select Tool and Jog Mode 

o Load a suitable tool (for example, a probe or edge finder). 

o Select HANDLE  or JOG mode on the control panel. 

4. Touch Off the Workpiece 

o Move the tool slowly until it just touches the workpiece surface (for Z-axis). 

o Do the same for X and Y edges if required. 

5. Open Work Offset Page 

o Press OFFSET/SETTING key Ÿ select WORK  (or WORK OFFSET) page. 

o Choose the desired coordinate system (usually G54). 

6. Take the Work Offset 

o Highlight X, Y, or Z under G54. 

o Press the MEASURE soft key. 

o The controller automatically records the current machine position as the work offset. 

o X = 120.450 

o Y = 50.250 



o Z = -250.500 

These become your G54 coordinates. 

7. Verify the Offset 

o Move the tool away, then run in MDI: 

o G54 G00 X0 Y0 

o The tool should move exactly to your defined workpiece zero. 

B. Adjusting Work Offset  

¶ If the tool cuts too deep, add + value to Z (e.g., +0.05 mm). 

¶ If the cut is too shallow, subtract value from Z. 

¶ Adjust X or Y similarly if the part is off-center. 

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.g., T01) into the spindle. 

o Call it using MDI: 

o T01 M06; 

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 Press OFFSET/SETTING Ÿ select TOOL OFFSET  Ÿ GEOMETRY  page. 

5. Take the Offset 

o Move the cursor to the corresponding tool number (e.g., H01 for T01). 

o Press the MEASURE key ð the controller stores the Z position as the tool length. 

 Example: 

T01 Ÿ H01 = 125.632 mm 

6. Repeat for All Tools 

o Repeat steps for T02, T03, etc., using the same reference surface. 

Key Safety & Best Practices 

¶ Always home (zero return) before setting offsets. 

¶ Move in HANDLE  mode when near the workpiece. 

¶ Always match Tool Number (T01) with its Offset Number (H01). 

¶ Do a dry run (without cutting)  before actual machining. 

 

 

Self-check: 3.1-1 



1. Mention two conditions when additional warm-up is required. 

2. Write the difference between JOG and HANDLE mode. 

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

4. Explain the function and operation of the Manual Pulse Generator (MPG) ð both portable and fixed type. 

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

 

 

Answer key: 3.1-1 

1. Mention two conditions when additional warm-up is required. 

¶ When the CNC machine has been stopped for more than 3 days. 

¶ When the ambient temperature or spindle temperature is 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 

button is pressed. 

Axis moves a fixed distance per pulse when the 

MPG handle is rotated. 

Used for quick or rough positioning. 
Used for precise and fine positioning or 

alignment. 

 

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

¶ To return all machine axes to their reference (home) position after power-on. 

¶ This establishes the machine coordinate system, ensuring the controller knows the exact position of each 

axis. 

 3. Explain the function and operation of the Manual Pulse Generator (MPG) ð both portable and fixed type. 

Function: 

The Manual Pulse Generator (MPG), also known as the Handwheel, is used for precise manual control of the 

machine axes. It 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 handheld unit connected by cable, allowing the operator to move closer to 

the workpiece. 

Fixed MPG Permanently mounted on the machine control panel. 

Operation Steps: 

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

2. Select the movement increment (×1, ×10, ×100). 

3. Rotate the MPG handwheel; each pulse moves the axis by the selected increment. 

o Example: In ×10 mode, each click moves 0.01 mm. 

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



Advantages: 

¶ Provides fine manual control during tool setting or alignment. 

¶ Safer and more precise than jog mode. 

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

1. Move the spindle to the tool change position. 

2. Stop the spindle rotation (ensure M05 is active). 

3. Press and hold the Tool Unclamp button to release the tool holder. 

4. Insert or remove the tool from the spindle. 

5. Press the Tool Clamp button to lock the new tool securely in place. 

6. Confirm the tool is clamped properly before resuming operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Job sheet1.3-1 

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 Sheet 1.3-1 

Explain the complete machine warm-up procedure for a CNC milling machine that has been stopped for more than 

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 ¶ CNC machine 

Tools and Equipments ¶ Vice 

¶ Clamping set 

¶ Spanner 

Performance Criteria 3.1 CNC machine axes positioning is performed using the Manual Pulse 

Generator (MPG). 

3.2 Control panel main buttons and soft keys are used for machine 

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 mode is executed.  

3.6 Overrides keys are performed.  

Work offset and tool offset are set and adjusted. 

Notes To prevent spindle thermal shock, ensure accurate movement, and extend 

machine life. 

Procedures: 1. Check machine conditions: 

o Ensure the power supply and air pressure are within specified 

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 at low speed (e.g., 500 RPM) for 10 minutes. 

o Increase spindle speed gradually: 

Á 1000 RPM Ÿ 10 minutes 

Á 3000 RPM Ÿ 10 minutes 

Á 6000 RPM Ÿ 10 minutes 

o Total warm-up time: 30ï40 minutes. 

5. Axis movement warm-up: 

o Move all axes (X, Y, Z) continuously using the jog mode over 

their full travel. 

6. Check lubrication and coolant: 

o Ensure oil and coolant circulation systems are functioning. 



 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer signature:  Date:  

Assessor Remarks:  

Feedback  

 

 

 

Job Sheet 1.3-2 

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 ¶ CNC machine 

Tools and Equipments ¶ Vice 

¶ Clamping set 

¶ Spanner 

Performance Criteria 1. CNC machine axes positioning is performed using the Manual Pulse Generator 

(MPG). 

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

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 To prevent spindle thermal shock, ensure accurate movement, and extend machine 

life. 

Procedures: 
Power ON/OFF 

Turns the machine control 

system ON or OFF. 



Emergency Stop (E-Stop) 

Immediately stops all machine 

movements and spindle rotation 

in case of emergency. 

Cycle Start 
Begins program execution or 

machining operation. 

Feed Hold 

Temporarily stops axis feed 

motion while keeping spindle 

running. 

Spindle CW/CCW Buttons 

Manually starts spindle rotation 

in clockwise (M03) or 

counterclockwise (M04) 

direction. 

Coolant ON/OFF 
Manually starts (M08) or stops 

(M09) coolant flow. 

Feed Override Knob 

Adjusts programmed feed rate 

(usually between 0ï150% or 0ï

200%). 

Rapid Override Knob 
Controls rapid traverse rate 

(25%, 50%, 100%). 

 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer 

signature: 

 Date:  

Assessor Remarks:  

Feedback  

 

 

 

 

 

 

 

 



Job Sheet 1.3-3 

Describe the step-by-step process of returning the machine to origin (Zero Return) after power-up. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

Equipments 

Vice 

Clamping set 

Spanner 

Performance 

Criteria 

1. CNC machine axes positioning is performed using the Manual Pulse 

Generator (MPG). 

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

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 operation 

and tool movement. 

Procedures: 1. Power ON the machine and wait for system initialization. 

2. Check axis position ð the display will show ñNOT READYò or ñNO 

HOMEò for each axis. 

3. Select ZERO RETURN mode on the mode selector. 

4. Select one axis (e.g., Z-axis) first to avoid tool crash. 

5. Press and hold the Cycle Start or Zero Return button for that axis. 

6. Repeat for Y-axis and then X-axis. 

7. Once all axes reach their reference limit switches, the control records the 

machineôs zero position. 

8. Verify home position on the screen (machine coordinates reset to zero). 

Learner 

Signature: 

 Date:  

Assessor 

Signature: 

 Date:  

Quality 

assurer 

signature: 

 Date:  

Assessor 

Remarks: 

 

Feedback  



Job Sheet 1.3-4 

Explain the complete procedure for spindle rotation and coolant operation using both manual buttons and M-codes. 

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 Equipments Vice 

Clamping set 

Spanner 

Performance Criteria 1. CNC machine axes positioning is performed using the Manual Pulse 

Generator (MPG). 

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

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 1. Always start the spindle at low speed after maintenance orwarm-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 Press Spindle CW (Clockwise) button Ÿ Spindle starts 

clockwise (same as M03). 

o Press Spindle CCW (Counterclockwise) button Ÿ 

Spindle rotates counterclockwise (same as M04). 

o Press Spindle Stop button Ÿ Spindle stops (same as 

M05). 

3. Coolant Operation: 

o Press Coolant ON button Ÿ Coolant flow starts (same 

as M08). 

o Press Coolant OFF button Ÿ Stops coolant flow (same 

as M09). 

 

B. Using M-Codes in MDI Mode: 

Command Function   

M03 S1000 Start spindle clockwise at 1000 RPM.   

M04 S800 Start spindle counterclockwise at 800 RPM.   

M05 Stop spindle rotation.   

M08 Flood coolant ON.   



M09 Coolant OFF.  

M88/M89 
Through-spindle coolant ON/OFF (if 

available). 
 

 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer 

signature: 

 Date:  

Assessor Remarks:  

Feedback  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Job Sheet1.3-5 

 

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 

Equipments 

Vice 

Clamping set 

Spanner 

Performance 

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 mode is executed.  

Overrides keys are performed.  

Work offset and tool offset are set and adjusted. 

Notes ¶ Work offset defines the distance between the machine zero 

(reference point) and the workpiece zero (program zero). 

¶ Tool offsets compensate for tool length differences and (in 

milling) cutter radius. 

Procedures: 1. Work Offset Setting Procedure (e.g., G54ïG59) 

Step-by-Step Procedure: 

1. Power ON the Machine 

o Perform the machine zero return (home all axes) using 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 the work coordinate system to use (usually G54). 

4. Jog the Tool to the Workpiece Zero 

o Select HANDLE  or JOG mode. 

o Move the cutting tool (or edge finder) to touch the workpiece 

reference point (e.g., top face and one edge). 

5. Set X, Y, and Z Coordinates 

o On the OFFSET/SETTING Ÿ WORK page: 

Á Highlight G54 (or chosen offset). 



Á Press MEASURE key to record current machine position 

into the offset. 

o This stores the X, Y, Z values relative to machine zero. 

6. Verify Zero Position 

o Move the machine away, then return to G54 zero using MDI: 

o G54 G00 X0 Y0; 

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 using ATC  or manually. 

o Select tool number (e.g., T01). 

2. Move to a Reference Surface 

o Jog the tool close to the workpiece top surface or a tool setting 

block. 

3. Touch Off and Set Z Offset 

o When the tool just touches the reference surface: 

Á Go to OFFSET Ÿ GEOMETRY (or TOOL 

LENGTH)  page. 

Á Move cursor to the tool number (e.g., T01). 

Á Press MEASURE Z or manually input the machine 

position Z value (with sign). 

4. Set X and Y Tool Radius (Optional) 

o If using cutter compensation (G41/G42), enter tool radius or 

diameter in the WEAR or GEOMETRY  column. 

5. Repeat for All Tools 

o Perform the same for T02, T03, etc., using the same reference 

surface. 

6. Verification  

o Run a dry 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, parameter 

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:  

1. Major components of the CNC turning center are 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. 

6. Cutting tools and inserts are identified and selected according to the machining requirements. 

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

8. Cutting tool geometry is explained to the operation. 

9. Appropriate cutting parameters are followed according to the job material specifications. 

10. Functions keys and display keys are used for machine adjustments. 

11. Mode key and override keys are selected and used as per requirement.  

12. CNC machine axes positioning is performed using the hand jog.  

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

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

 

 

 

 

 

 

 

 

 

 

 

 



Learning Outcome1.2-1: Prepare the CNC Turning Center. 

Content: 

1. Introduction to the CNC Turning Center / CNC Lathe Machine 

2. Major components  

3. The Brain That Controls: The CNC Controller 

4. Powered on and off  

5. Workpiece setup and tool setup  

 

Assessment Criteria: 

1. Major components of the CNC turning center are 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/References 

Prepare CNC Machining Centre. ¶ Information sheet:1.1 

¶ Self-check: 1.1 

¶ Answer key: 1.1 



Information Sheet 2.1-1 

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 metal, 

plastic, or wood by rotating the workpiece against a stationary cutting tool. Unlike manual lathes, all operations are 

directed by a computer program, ensuring high precision, repeatability, 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:  

1. 2-Axis Lathe: The standard type, performing operations like 

turning, facing, and drilling on the outer and inner diameters. 

 

 

 
 Figure: 2.1 

2. Swiss-Type Lathe (Sliding Headstock): Designed for high-

precision, small-diameter parts. The headstock moves, providing 

superior support for long, slender components. 

 

 
 Figure: 2.2 

3. Multi -Axis Turning Center:  Incorporates additional axes (e.g., 

Y-axis, C-axis) and live tooling (rotating tools), allowing for 

milling and drilling on multiple faces without re-clamping the part. 

These combines turning and milling in a single machine. 

 

 
 Figure: 2.3 

4. Vertical Turning Lathe (VTL) / Vertical Machining Center 

(VMC)  

The workpiece is mounted on a horizontal chuck that rotates on a 

vertical axis. The cutting tools are mounted on a cross-rail. Ideal 

for very large, heavy, and short workpieces like large flywheels 

and turbine rotors. 

 

 
 Figure: 2.4 



5. Horizontal Turning Center:  

This is the standard and most common configuration where the 

spindle is horizontal. It is the workhorse for most turning 

applications. 

 

 
 Figure: 2.5 

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. 

 
 

 Figure: 2.6 

7. CNC Chuckers:  

A lathe designed specifically for parts held in a chuck and often 

lacks a tailstock. High-volume production of short parts like 

fittings and valve bodies. 

 

 
 Figure: 2.7 

8. Benchtop CNC Lathes 

Small, compact lathes for light-duty 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 part 

program and sends commands to all other components. 

The controller is used to 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 a variety of manufacturing Brands, among them, the following brands are commonly 

used worldwide.  

 



1. Fanuc 

The industry standard, known for its reliability, robustness, 

and widespread use in manufacturing environments 

worldwide. 

Key Features: User-friendly interface, high compatibility, and 

extensive support and documentation. 

 

 
 Figure: 2.9 

2. Siemens 

A major competitor to Fanuc, known for advanced technology 

and powerful capabilities, especially in complex machining. 

Key Features: Advanced software integration, strong support 

for multi-axis and mill-turn applications, and sophisticated 

programming options. 

 

 
 Figure: 2.10 

3. Haas 

Developed by the American machine tool builder Haas 

Automation for their own machines. 

Key Features: Intuitive user interface, common in workshops 

and smaller manufacturing facilities, and known for being 

user-friendly. 

 

 
 Figure: 2.11 

4. Mitsubishi  

A prominent Japanese controller known for high performance 

and precision. 

Key Features: Excellent for high-speed machining, reliable, 

and offers good processing power. 

 

 
 Figure: 2.12 

5. Heidenhain 

A German manufacturer renowned for high-quality and user-

friendly controls, often found on precision machines. 

Key Features: Icon-based programming dialogue, excellent 

for complex contours, and very precise. 

 

 
 Figure: 2.13 



6. Fagor 

A Spanish brand that offers a cost-effective alternative with a 

range of capabilities. 

Key Features: Good value for money, user-friendly, and 

suitable for many general-purpose applications. 

 

 
 Figure: 2.14 

7. GSK 

A major Chinese CNC controller manufacturer, widely 

used as a cost-effective alternative in many markets, 

particularly in Asia. GSK controllers are known for 

providing good functionality for general-purpose turning 

applications. 

 
 

 Figure: 2.14 

 

 

Electrical Power Supply 

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

 
Figure 2.15: 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 Frequency: 415V 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 medium-sized 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. 

 
Figure 2.16: Three-phase voltage stabilizer 

 



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 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 Machines 

require a  Pneumatic Air supply ensure precise operations.  

 
Figure 2.17: Penumatic Supply 

 

 

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 9 bar 

 

 

Air Flow Capacity:  The compressor and supply line must deliver sufficient CFM, or Cubic Feet per Minute, to meet 

the machine's peak consumption. 

 

Air Quality:  Must be clean and dry. 

 

Required Components: The required components to ensure the Pneumatic supply 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. 



 
Figure 2.18: Air Compressor 

 

Air Dryer, either Refrigerated or Desiccant Type: 

Removes moisture from the compressed air to prevent corrosion and damage to pneumatic components. 

 
Figure 2.19: Air Dryer 

 

Line Filter and Lubricator:  The filter removes particulates and residual moisture. The lubricator adds a fine oil mist 

to lubricate pneumatic cylinders and valves. 

 
Figure 2.20: Line Filter and Lubricator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Major Components of a CNC Turning Center / Lathe Machine 

The major components of a CNC Machine are shown below: 

  
Figure 2.21: 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 other 

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 

common configuration is the three jaw chuck, shown in Figure 3. The chuck requires air pressure to open 

and close the jaws, and set the gripping force. Pressure must be high enough to securely hold the part, 

but not so great as to deform fragile parts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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 or 

directly coupled (direct-drive) to the spindle. 

 

5. Chuck 

The workholding device mounted directly onto the spindle nose. It grips the raw material (workpiece) securely. 

Common types include 3-jaw self-centering 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 center 

point to prevent deflection during machining operations. 

 

7. Carriage 

The assembly that moves along the bed (Z-axis) and cross-slide (X-axis). It provides the platform for the tool turret. 

8. Turret  

Tool holders bolt to either the front or perimeter of the turret. Tool changes are made by the 

machine indexing the turret to place the appropriate tool closest to the part. 

 

The method by which the tools are attached to the turret, and the direction the tool faces in relation 

to the part, vary depending on the tool, operation, and cut direction. For example, a facing tool is 

oriented radially to the part, to maximize tool rigidity and work envelope. A boring bar is oriented 

axially to allow the bar to enter and exit the bore. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 ï Tool Station 

The turret is divided into stations evenly spaced around the perimeter. Most lathes with tool turrets have about 10 tool 

stations. Tools are connected to the turret by a tool holder and tool block.   The tool holder and block used depend on 

the type of tool and mount direction. 

 

2 ïTool Block 

Tool blocks act as the interface between the tool holder and the turret. They bolt to the face or perimeter of the turret. 

Different blocks are used depending on the type of tool and orientation. 

 

3- - Turn Tool 

Turning tools, which includes face, OD rough and finish, groove and cutoff, are usually mounted radially with respect 

to the part. The cutting tool is usually a ceramic insert mounted in a tool post designed for the specific shape and size 

insert. 

 

4- - 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 work 

piece, and then locks again. Care must be taken that the turret is away from the part so that none of the tools collide 

with the part as the turret indexes. 

 

6- - Boring Bar 

A boring bar is used to create a precision size and finish hole through the bore of the part. These are mounted axially 

with the spindle 

 

7- - Live Tool (Radial Mount) 

A ñlive toolò is a tool that rotates, being driven by a mechanism in the holder. Radially mounted live tools are used for 

cross drilling or milling on the diameter of the part. 

 

8- - Live Tool (Axial 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 (G-

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 reads G-code instructions from a 

part program and converts them into electrical signals. These signals control the precise movements of the machine's 

motors, the spindle speed, the 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 for its user-friendly 

interface, making it a popular choice in workshops and manufacturing facilities. Key features include intuitive menu 

navigation, helpful graphical displays, and built-in troubleshooting guides. It supports standard G-code programming 

and includes Haas-specific cycles and functions that simplify common lathe operations. 

 

 
Figure 2.22: HAAS Lathe Machine Controller 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Procedure to Turn the Machine On & Prepare for Operation 

 

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

Step 1 

Clear the surrounding area of the 

Machine 

Check the Coolant & Lubricant Level. 

 
  Figure 2.23: Clean Surroundings 

Step 2 
Turn the circuit breaker for the Three-

Phase Electrical Supply Source 

  

  Figure 2.24 

Step 3 
Turn the Voltage Stabilizer ON & wait 

till the voltage stabilizes. 

 

 
  Figure 2.25 

Step 4 Turn the compressor ON. 

 

 
  Figure 2.26 

Step 5 Turn the Air Dryer ON 

  
  Figure 2.27 



Step 6 Open the Pneumatic Supply line.  

 
  Figure 2.28 

Step 7 Turn the machine Circuit breaker ON  

 

  Figure 2.29 

Step 8 Press the ñEmergency Stopò button  

 

  Figure 2.30 

Step 9 Press the ñPower ONò button  

 

  Figure 2.31 

Step 10 Release the ñEmergency Stopò button  

 

  Figure 2.32 

Step 11 Press ñResetò button 
 

  Figure 2.33 

 

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

 

Step 1 Press the letter ñXò or ñZò to select that 

respective axis.  

  

                 Figure 2.34 



Step 2 Press the Mode Key 

ñZero Retò / ñZero 

Returnò to command the 

system for zero return 

operation.  

 

 

                                                            Figure 2.35 

Step 3 Press the single key to move the axis alone    

                                                            Figure 2.36 

Step 4 Then select the rest of the axis by 

pressing the alphabet and repeat 

the same cycle. 

  

 

 

 

 

2.3 The Safe Shutdown Procedure 

*   Shutdown Sequence: 

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

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

    3.  Clean the work area and wipe down the machine surfaces. 

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

    5.  Turn the MAIN POWER switch to OFF. 

 

 

Step 1 Use hand jog to move the turret to a 

safe location, away from the chuck and 

tailstock. 

 
  Figure 2.37: Handle Wheel  

Step 2 Remove all tools, workpieces, and 

measuring instruments (like 

micrometers) from the machine. 

 



  Figure 2.38: Remove all the extra staff 

Step 3 Clean the work area and wipe down the 

machine surfaces. 

 

 
  Figure 2.39: Clean the machine 

Step 4 Press the ñEmergency Stopò button   

  Figure 2.40: Emergency Stop 

Step 5 Press the ñPower OFFò button   

  Figure 2.41 

Step 6 Turn the machine Circuit breaker OFF   

  Figure 2.42 

Step 7 Close the Pneumatic Supply line. 

 
  Figure 2.43 

Step 8 Turn the Air Dryer OFF 

  
  Figure 2.44 



Step 9 Turn the Air compressor OFF. 

 

 
  Figure 2.45 

Step 10 Turn the voltage stabilizer OFF 

 

 
  Figure 2.46 

Step 11 Turn the main circuit breaker OFF. 

 

 

  Figure 2.47 

 

  



Self Check ï 1.2-1 

 

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

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

3. What is the most important operation you must perform immediately after the machine powers on? 

4. Which manual mode do you use to move the tool turret closer to the workpiece for setup? 

5. What is the function of the chip conveyor? 

 

 

 

Answer Key ï 1.2-1 

1. Answer: Headstock (and Spindle) 

2. Answer: Air Pressure, Coolant Level, Lubrication 

3. Answer: Zero Return or Reference Return Operation 

4. Answer: JOG or HANDLE Mode 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Job Sheet ï 2.1-1 

 

CNC Turning Center Component Identification and Safety Preparation 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 Turnning Center 

Tools and Equipments Tool holder  

Cutting tools 

Performance Criteria 1. Major components of the CNC turning center are 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. 

Notes  

Procedures: 1. Identify the machine's main power switch and controller power button. 

2. Identify the six major components (Controller, Headstock, Tailstock, 

Tool Turret, Coolant System, Chip Conveyor) and describe their 

function. 

3. Perform the pre-startup checklist: check air pressure, coolant level, and 

lubrication level. 

4. Power on the machine in the correct sequence (Main Power ON, then 

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 movement. 

7. Use the "Next Tool" button or MDI mode to index the tool turret to a 

specified station. 

8. Power off the machine in the correct sequence (clean area, Control 

Power OFF, then Main Power OFF). 

Learner Signature:  Date:  

Assessor Signature:  Date:  

Quality assurer 

signature: 

 Date:  

Assessor Remarks:  

Feedback  



Machine Power-On 

This section tells you how to power-on a machine and establish the axis home positions. 

Before you do this procedure, make sure that possible crash areas, such as the tool probe, parts catcher, tailstock, tool turret, 

and secondary spindle, are clear. 

 

Press POWER ON. After the boot sequence, the display shows the startup screen. 

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

Turn EMERGENCY STOP to the right to reset it. 

Press RESET to clear the startup alarms. If you cannot clear an alarm, the machine may need service. Contact your Haas Factory 

Outlet (HFO) for assistance. 

If  your machine is enclosed, close the doors. Press POWER UP 

 

WARNING: Before you do the next step, remember that on some models motion begins immediately when you press 

POWER UP. Make sure the motion path is clear. Stay away from the spindle, machine table, and tool changer. On some 

models a Power Up box will  be displayed. This box will  allow you to zero return the machine manually. 

WARNING: ST-10/15 with sub spindle and live tooling the machine clearances are very tight. To zero return it, do these steps: 

Press Hand Jog to move the turret to a safe location. Press T to zero return the tool turret. 

Press MDI then ATC FWD or ATC REV to index the turret so that the short tool faces the spindles. 

NOTE: If  you get a message: Machine is Not Zeroed! Make sure that setting 325 Manual Mode Enabled is set to On. 

Zero return the other axis. Press the axis letter followed by the single button. 

 

 

 

 

 

 

 

 

 

 

 

The control is now in OPERATION: MEM mode. You can now press CYCLE START to run the active program, or you can use 

other control functions. 

 

 

 

 

 



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: 

1. Mild Steel Shafts (Ø50mm × 150mm) 

2. Insert Selection Charts 

3. Cutting Parameter Tables 

4. Workshop Logbook 

5. Tool Setup Sheets 

 

Assessment Criteria: 

1. Cutting tools and inserts are identified and selected according to the machining requirements. 

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

3. Cutting tool geometry is explained to the operation. 

4. Appropriate cutting parameters are followed according to the job material specifications. 

 

 

 

 

 

 

 

 

 

 

 

 

Learning activity Resources/Special instrumentation/References 

Prepare CNC Turnning Centre. ¶ Information sheet:2.2-1 

¶ Self-check: 2.2-1 

¶ Answer key: 2.2-1 

¶ Job sheet: 2.2-1 



 

Information Sheet 2.2-1 

Lathe Tool Types 

The following is a li st of the most common lathe-­ specific tool types. While these are the most common 

types you are likely to use, they represent only a small number of the tools that are available. 

Face/Turn 

For facing and rough turning, use a more rigid tool such as a round, square, or 80 degree diamond. 

Finishing may require a more versatile tool, such as a 55 or 35 degree diamond. These provide more 

side and end cutting angle relief to reach and contour part details.  Inserts must match the tool holder, 

and that means the right type, size, shape, and clamping feature(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 

 

 

 

 

 

 

Top view 

Groove 

Groove tools are classified in part by their width and corner radii. Though used mostly for making 

groove features, such as O-­ ring or snap-­ ring cuts, newer generations of these tools can be used 

for rough and finish contouring operations. While not the best choice for all roughing and finishing, 

they work well in areas where a diamond or other shape cannot easily fit. 

Besides there being many types of groove tools, there are many types of holders, depending 

mostly on the cut direction for the tool. For example, there are groove holders for OD, ID, and 



 

Face grooves, and these are all available in Left Hand or Right Hand models. 

 

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 radii   

- Application: Grooving, necking, parting operations   

 

 

 

 

                                                                                                                                 Iso view 

 

 

 

 

 

Top view 

Thread 

Tapped holes at the center of part, up to about one inch diameter, can be made using a form or 

cutting tap, just like on a mill. Larger ID threads and all ID threads use a thread insert. 

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 part, and then taking into account the distance from this edge to the tip of the thread point, 

a distance included in the insert documentation. 

Often a thread gage is used to check threads, and the X-­ offset for the thread tool adjusted to 

achieve the proper size and fit  (Thread Class. 

Threading Tool:   

- Purpose: Cutting internal and external threads   

- Insert Type: 60° V-profile specific to thread pitch   

- Geometry: Ground profile matching thread form   

- Application: Metric, unified, or special thread forms   

 

 

 

 

                                     Iso View 



 

 

 

 

 

 

                                                      Top view 

 

Holes Making Tools 

Center -­ Spot Dr ills 

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 subsequent drill  from wobbling and ensure the drill is located precisely and drills straight 

down. 

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

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

 

There are many different sizes and tip angles of center, countersink, and combined drills. Be sure 

the tip angle of the countersink matches the included angle of the machine screw, and that the drill 

diameter is greater than the screw head diameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Twist Drill  

 

Twist drills are available in many diameters and lengths. Usually made of high speed steel, carbide, 



 

or cobalt, they may also be coated with titanium nitride (TiN) for longer life. The tip angle of most 

twist drills is 118 degrees. 

 

 

Drill Bit:   

- Purpose: Creating holes in solid material   

- Types: Twist drills, center drills, indexable drills   

- Materials: HSS, cobalt, carbide-tipped   

- Application: Hole making, center drilling 

 

 

 

Bore 

Precision holes are often finished with a boring tool. Boring bar tools are mounted parallel to the 

machine spindle. They require a hole in the part large enough to allow the bar to safely enter and exit 

the bore. 

 

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 

Tools and Tool Holders 

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



most turning is done using carbide inserts. Inserts are gripped in holders, which in turn are bolted 

to the lathe turret (see Fig. 4). Figure    shows  a  typical insert-­ holder  combination. This  is  a  left-

­ handed  holder, because  the  tool cutting edge points to the left when viewing the holder from the 

top as shown in Figure . 

 

 

 

 

 

 

Carbide inserts employ highly engineered composite structures, coatings, and geometry features 

to achieve great accuracy and high material removal rates. Some inserts can be indexed to use 

other edges when one becomes worn. Inserts are quickly and easily replaced at the machine. 

 

 

 

 

 

 

 

Chip Breaker 

A chip breaker is a feature in the face of the insert that disrupts the flow of chips such that they 

break into short segments, rather than forming a long, stringy chip. 

 

 

 

 

 

Relief Angle 

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

the insert from rubbing against the part. 



 

 

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 the End Cutting Angle. 

 

The purpose of these angles is to provide proper clearance between the tool and work piece. For 

example, the 80 degree insert shown in Figure 16 is rigid and has enough side and end cutting angle 

for facing and rough turning operations. However, complex contours may require a 55 or 30 degree 

insert to provide tool side and end clearance for the tool and holder. Very steep or vertical walls may 

require a round or slot tool to carve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iso 

 
Front 



Rake Angle 

Rake angle is set by the tool holder. Rake angle helps control the direction of the chip and cutting 

pressure. Angle is measured from face of the insert to the Z-­ X plane of the machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Insert Designations 

Carbide inserts use a coding system of numbers and letters to describe their shape, dimensions, and important 

parameters. For example, the designation of the insert shown in Figures 

 

 

 

 

 

 

 

 

 

 

Shape (CNMG-­ 433) 



There are at least 18 different shapes of carbide inserts. The most commonly used are shown in Table 

1 with their letter designation. The angle in this designation refers to the included nose angle at the 

cutting radius of the tool. 

 

 Shape  

 

T 
Triangle  

 

 

S 
Square  

 

 

C 
80 degree diamond 

 

 

 

D 
55 degree diamond  

 

 

V 
35 degree diamond  

 

 

R 
Round 

 

 
 

 

Clearance Angle (CNMG-­ 433) 

Clearance angle is the draft on the face(s) of the insert that contact material during machining. More 

about insert angles a little later. 

 

Designatio

n 

Clearance Angle 

N 0 Degrees (No Draft) 

A 3 Degrees 

B 5 Degrees 

C 7 Degrees 

P 11 Degree 

 

Tolerance (CNMG-­ 433) 

This is how much variation is allowed in the dimensional size of the insert. Tolerances described with this 

parameter include the corner point (nose radius), thickness, and I.C. Typical tolerances are shown in Table 

Designatio

n 

Cornerpoint Thickness I.C. 

M .002-­ .005 .005 .002-­ .005 

G .001 .005 .001 

E .001 .001 .001 

K .0005 .001 .002-­ .005 

 

Hole/Chip Breaker (CNMG-­ 433) 



The hole/chip breaker designation describes both features with one letter. The hole in the insert 

and tool holder must match. If no letter exists in this field, then the insert does not have a hole to 

secure it to the holder, and is held by clamp force only. 

 

Designatio
n 

Hole Shape Chipbreaker Type 

G Cylindrical Single-­ sided 

W 40-­ 60 deg, double c-­ sink None 

R None Single-­ sided 

T 40-­ 60 deg, double c-­ sink Single-­ sided 

P Cylindrical Hi-­ double positive 

Z Cylindrical Hi-­ double positive 

   

 

I.C. Size (CNMG-­ 433) 

Inserts are measured by the diameter of an inscribed circle. I.C.ôs range from  .0625ò to 1.25ò. 

Table 5 lists the sizes you are most likely to use. 

 

Designatio
n 

Decimal (inch) Fractional (inch) 

3 .375 3/8 

4 .500 1 / 2 

 

Thickness (CNMG-­ 433) 

Insert thickness. 

 

Designatio
n 

Decimal (inch) Fractional (inch) 

3 .187 3/16 

4 .250 1 / 4 

 

Nose Radius (CNMG-­ 433) 

Insert cutting nose radius. 

 

Designatio
n 

Decimal (inch) Fractional (inch) 

1 .016 1/64 

2 .031 1/32 

3 .047 3/64 

 

 

Insert Identification and Selection   

 

CNMG (C-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:   

1. Facing Tool: Establish Z-zero reference surface   

2. Center Drill: Create starting point for drilling   

3. Drill Bit: Produce required holes   

4. Turning Tool: Rough external profiles   

5. Boring Tool: Rough internal features (if needed)   

6. Grooving Tool: Cut grooves and undercuts   

7. Threading Tool: Cut threads   

8. Finishing Tool: Final passes for critical dimensions   

9. Parting Tool: Cut off finished part   

 

 

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 non-ferrous materials   

- Honed Edge: For steel and general purpose   

- Chamfered Edge: For heavy roughing and interrupted cuts   

 

Cutting Data 

Tables on the following pages provide basic speed, feed and cutting data for some of the materials 

commonly used for prototypes. Use the tool manufacturerôs data instead whenever it is available. 

Mill  Cutting Speeds (SFM) surface ft/min 

Material  HSS Carbide 

Aluminum 600 800 

Brass 175 175 

Delrin 400 800 

Polycarbonate 300 500 

Stainless Steel (303) 80 300 

Steel (4140) 70 350 

 

Drill  Cutting Speeds (SFM) surface ft/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 

Stainless Steel (303) 50 35 25 35 

Steel (4140) 90 60 45 35 

 

Cutting Feeds (IPR) in/rev 

Operation Tool Diameter Range (in) 

 <.125 .125-­ .25 .25-­ .5 .5-­ 1. >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 

Stainless Steel 

(303) 

.0005 .001 .002 .003 .004 

Steel (4140) .0005 .0005 .001 .002 .003 

      

Drilling  .002 .004 .005 .010 .015 

      

Reaming .005 .007 .009 .012 .015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Self Check ï 2.2-1 



1. Which insert type has 8 cutting edges and is good for general purpose turning? 

2. What is the primary purpose of a grooving tool? 

3. Name the logical first tool in a turning operation sequence. 

4. What is the recommended cutting speed range for mild steel? 

5. How does nose radius affect machining operations? 

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

7. What are the two main types of rake angles and their characteristics? 

8. What is the typical feed rate range for finishing operations? 

Answer Key ï 2.2 

1. Answer: CNMG insert 

2. Answer: Cutting grooves and parting off finished parts 

3. Answer: Facing tool 

4. Answer: 100-200 m/min 

5. Answer: Small radius for fine finishing, large radius for better surface finish and stronger edge 

6. Answer: WNMG insert 

7. Answer: Positive rake (reduced cutting forces) and Negative rake (increased strength) 

8. Answer: 0.1-0.2 mm/rev 

 

 

 

 

 

 

Job Sheet ï 2.2-1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Information Sheet 2.3-1 

Learning Outcome 2.3-1: Perform CNC Turning Center using Controller.  

Qualification  ADVANCE CNC MACHINING CENTER OPERATION AND PRACTICE 

Learning unit: Cutting Tool Selection and Setup for CNC Turningô 

Learner name:  

Personal protective Apron, Hand gloves, goggles 

Materials CNC Turnning Center 

Tools and Equipments 
1. CNC Turning Center, Various Turning Tool Holders, Insert Kits (CNMG, 

DNMG, TNMG, VNMG, WNMG), Grooving and Threading Tools 

Performance Criteria 1. Cutting tools and inserts are identified and selected according to the 

machining requirements. 

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

3. Cutting tool geometry is explained to the operation. 

4. Appropriate cutting parameters are followed according to the job 

material specifications. 

Notes  

Procedures: 
1. Identify and select appropriate cutting tools for machining a mild steel 

shaft. 

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

operation. 

3. Determine the optimal sequence of tools for facing, turning, grooving, 

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) for 

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:  

Quality assurer signature:  Date:  

Assessor Remarks:  

Feedback  



Content:   

1. Control Panel Operation   

2. Manual Operation and Positioning   

3. Offset Setting Procedures   

4. VPS and Shape Creator Programming   

5. Override Functions and Their Applications   

6. Program Execution and Monitoring   

Required Materials: 

1. Workplace (simulated or actual)  

2. CNC Machine  

3. Work holding device   

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 

 

Assessment Criteria: 

1. Functions keys and display keys are used for machine adjustments. 

2. Mode key and override keys are selected and used as per requirement.  

3. CNC machine axes positioning is performed using the hand jog.  

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

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

 

 

 

 

 

 

 

 

 

Information Sheet 2.3 

Haas Control Overview 

Learning activity Resources/Special instrumentation/References 

Prepare CNC Turnning Centre. ¶ Information sheet:2.2-1 

¶ Self-check: 2.2-1 

¶ Answer key: 2.2-1 

¶ Job sheet: 2.2-1 



2. 

Å This overview is designed to provide the user with a familiarity of Haas mill and lathe controller. During 

this half day class participants will be exposed to the control keys, features and basic control operation. 

 

Schedule 

Å Introductions 

Å Control Layout 

Å Control simulator demo 

Å Break 

Å Control Layout (Continued) 

Å Control simulator demo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Powering Up 



ÅTo power the machine up, first turn the breaker located on the back of the machine to the on position, then press the 

green POWER ON button. 

ÅBefore shutting machines off the emergency stop should be activated. Therefore, the emergency stop should still be 

active from the last shut down. 

ÅRelease the emergency stop by rotating it clockwise and allowing it to pop out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Front  Panel Keys 

The front panel keys are the ones used to interface with the machine. 



2. 

These keys are split up into a few categories: 

1. Function 

2. Cursor 

3. Display 

4. Mode 

5. Numeric 

6. Alpha 

7. Jog 

8. Overrides 

This tutorial will go more in depth with each of these 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Function Keys 

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

Å Reset ï Stops active programs and clears alarms. 



и[Ν-F4 т Has multiple uses 
depending on the application. There 
will be a prompt when they are 
needed. 

 

иШÅĲĦŸƻĲƖǃШŔƚШƨƚĲĬШƣŸШƖĲĦŸƻĲƖШŉƖŸůШ
an alarm or to prevent an 
inevitable error. A couple 
common uses are to recover from 
a bad tool change or from an 
incomplete tapping cycle. 

Å Power up ï is used after the machine has started to zero all the axis. All axis have to be returned home 

before using the machine. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recovery Examples 

Å Each scenario that requires a Recovery is different. However, the machine will prompt the operator with the 

steps needed to rectify each instance. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Function Keys 

¶ There are some subtle differences in the offset keys in lathe. While a mill has Tool Offset Measure and Part 

Zero Set, lathes have X Diameter Measure and Z Face Measure. 

¶ Z face Measure records the current tool position. 

¶ X Diameter Measure Records the tool position in relation to the lathe centerline. The tool is touched off a 

diameter of known size, this records that position, then the operator inputs the distance to the lathe centerline 

(the known radius). 

 

 

 

 

 

 

 

 

 

 

 

Function Keys 

 

Å ñNext Toolò is used to select the next tool from the turret. 



Å X/Z ï Toggles between the X & Z axis while in jog mode. 

 

 

 

 

 

 

 

 

¶ Tool Offset Measure ï Uses the current Z position to automatically determine the tool length offset. 

¶ Next tool ï Selects the next tool in the catalog. This is normally used during setups. 

¶ Tool Release ï releases the tool from the spindle. 

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

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Cursor keys 

Å Cursor keys are used to navigate menus. 



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

Å Home goes to the top of the page. 

Å End goes to the bottom of the page 

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

 

 

 

 

 

 

 

 

Display Keys 

Å The display Keys switch the display over to different screens. 

Å Each screen has its own unique use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Program: 

 
иÑőĲШƓƖŸŊƖċůШťĲǃШ
displays the current 
program. 



 

 

 

 

 

 

 

Position: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Offset: 

Offsets is where the machine work and tool offsets are stored. 

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

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

There are multiple applications: 

и Work - relative distance from PRZ 

и Distance to go - distance left in a move 

и Machine - Distance from machine home 

и Operator - which allows the operator to zero the current position 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

Current Commands: 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

¶ 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. 

 

 

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

и Here are all the timers for the 
machine. 



 

 

 

 

 

 

 

 

 

 

 

 

¶ Tool table shows where all the tools are. Since the tools arenôt sequential, tools are often passed between 
different tool holder pods for efficiency sake. However when the machine calls up a tool, it knows where it 

left that tool number last. 

¶ Simply put, this table here explains which tool is in what pocket.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

¶ There are even calculators within current commands. 

¶ There is a standard calculator, as well as one specific to milling, and one for tapping. 

 

 



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Alarms:  

The alarms screen displays any alarms that are active, and includes a description of the issue. 

 

 

 

 

 

 

 

 

  

 

 

 

Diagnostic 

This page displays machine info such as itôs power-on time, air pressure, voltage, and much more. 

 



 

 

 

 

 

 

 

 

 

 

 

 

Setting 

Settings is where all the machine settings are located. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Help 

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

 



 

 

 

 

 

 

 

 

 

 

Mode Keys 

Mode Keys toggle the machine between different functions. In other words, the operator switches between modes 

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: 


