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Prerequisite: Aerospace Materials and Production Laboratory

Computer-aided manufacturing (CAM) is a technique that uses computer software and hardware to optimize and
automate processes in manufacturing. This laboratory course provides learners with real skills and experience with
computer-aided tools in manufacturing processes. The course includes topics such as computer numerical control
(CNC) equipment, component identification, safety measures, setting up of home locations, offsets, part
programming using G Codes, program execution, dimensional accuracy, and surface finish. It will combine

theoretical understanding with hands-on applications in a modern learning environment.

The students will try to learn:
The fundamental principles of computer-aided manufacturing and the integration of computer

L.

IL.

Iv.

technology into manufacturing processes.

The workflow from design to production using CAM tools, and become proficient in utilizing industry-
standard CAM for manufacturing operations.
III. Real-world involvement with Computer Numerical Control (CNC) machines through programming and
operating CNC milling and turning machines.

Toolpath optimization strategies to perform efficient machining to improve production time and

enhance tool life.

After successful completion of the course, students should be able to:

CO1 | Outline various computer numeric control systems for suitability and application on CNC
machines

CO2 | Recognize various standard machine tools and numeric codes for manufacturing machine parts by
turning machines.

CO3 | Develop a numeric code for manufacturing machine components by milling machine.

CO4 | Make use of G and M codes for drilling operation on machine components using milling machine.

COS5 | Investigate tapping, slotting and cylindrical grinding by using CNC for manufacturing aircraft
components.

CO6 | Utilize laser cutting and electric discharge machine for cutting and drilling of airfoil profile.
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15 Additional Exercises 21
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IV. COURSE CONTENT

EXERCISES FOR COMPUTER AIDED MANUFACTURING (CAM)
LABORATORY

1.Getting Started Exercises

1.1. Computer Numeric Control

Computer Numerical Control (CNC) is one in which the functions and motions of a machine
tool are controlled by means of a prepared program containing coded alphanumeric data.
CNC can control the motions of the work piece or tool, the input parameters such as feed,
depth of cut, speed, and the functions such as turning spindle on/off, turning coolant on/off.
CNC is the automation of machine tools that are operated by precisely programmed
commands encoded on a storage medium.

A CNC system consists of three basic components (Figure 1): Part program, Machine Control
Unit (MCU) and Machine tool (lathe, drill press, milling machine etc.).
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Figure 1: Basic Components of CNC System.

Computer numerical control (CNC) is the numerical control system in which a dedicated
computer is built into the control to perform basic and advanced NC functions. CNC controls
are also referred to as software NC systems because most of their control functions are
implemented by the control software programs. CNC is a computer assisted process to control
general purpose machines from instructions generated by a processor and stored in a memory
system.

CNC machines can be used continuously and only need to be switched off for occasional
maintenance. These machines require less skilled people to operate unlike manual
lathes/milling machines etc. CNC machines can be updated by improving the software used to
drive the machines. Training for the use of CNC machines can be done through the use of
“virtual software”.

The manufacturing process can be simulated virtually and no need to make a prototype or
a model. This saves time and money. Once programmed, these machines can be left and do
not require any human intervention, except for work loading and unloading. These machines
can manufacture several components to the required accuracy without any fatigue as in the
case of manually operated machines. Savings in time that could be achieved with the CNC



machines are quite significant.

1.2. Advantages

CNC machines are generally more expensive than manually operated machines. The CNC
machine operator only needs basic training and skills, enough to supervise several machines.
Increase in electrical maintenance, high initial investment and high per hour operating costs
than the traditional systems. Fewer workers are required to operate CNC machines compared
to manually operated machines. Investment in CNC machines can lead to unemployment.

13. Applications

Computer Numerical Control (CNC) CNC was initially applied to metal working machinery:
Mills, Drills, boring machines, punch presses etc and now expanded to robotics, grinders,
welding machinery, EDM's, flame cutters and also for inspection equipment etc.

2. Introduction to Fanuc System

2.1 Introduction to FANUC

A FANUC CNC Machine control panel is shown in figure 2. The key aspects related to FANUC
CNC are CNC Controller, Axis Drives, Servo Motors and Operator Panel and features of
FANUC CNC Systems are Open Architecture, High-Speed and Precision, Reliability,
Customization and Integration, Diagnostic and Maintenance Tools and PMC (Programmable
Machine Controller). The FANUC CNC system also supports using standard G-code and M-
code programming language, Manual Data Input (MDI), Custom Macro B and High-Level
Programming Languages such as FANUC's own APT (Automatically Programmed Tool)
language.

Improves Machining Capabilities: By using a CAM system, manufacturers can improve their
machining capabilities. For example, when a manufacturer takes up a complex 3-axis ma-
chining task, they rely on the combination software to create a tool path for machining
projects such as molding. The CAM system automates the process, and makes it easier for
manufacturers to complete the project in time.

Improves Client Accessibility: The CAM software allows manufacturers to receive CAD files
from their customers. After receiving these files, they can set up the machining tool path,
and perform simulations, which help them calculate the machining cycle times. The software
allows manufacturers to minimize errors, execute projects easily, and deliver products to the
market within a shorter turnaround time.

Improve Productivity of CNC Machines: Most CAM systems provide high—speed machine
tool paths, which help manufacturers minimize their cycle times, reduce tool and machine
wear. High-speed tool paths enable manufacturers to improve their cutting quality and
accuracy. This type of high-speed machining helps improve the productivity of the CNC
machine by more than 50 percent.

Reduce Material Wastage: As CAM software feature simulation features, it helps a manu-
facturer to visually inspect the process of machining. This allows him to capture tool gouges,
and collisions at an early phase. This feature contributes to the overall productivity of a man-
ufacturing set up. This also helps them eliminate mistakes, as well as reduce material
wastage.



Figure 2: FANUC CNC Simulator

3. Exercises on Facing Operation

3.1 CNC Facing Operation on Lathe

Generate a Numeric code to perform a facing operation on a cylindrical block mounted on

a lathe to get a job as given in figure 3 on a CNC lathe machine. Use spindle speed of 600
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RPM and feed rate of Tmm/min.

Hints

01324;

No1l
Ne2
Ne3
No4
No5
No6
Ne7
F.R
Ne8
Ne9S

G40
G28
Me6
Mo3
Goo
GOl
Go1l

GOl
GOl

G21 G99 G99O;
U0.0 WO.o;
To101;

S600;

X35.0 Z5.0;
X30.0 Z0.0 F1.0;
X0.0;

Z5.0;
X35.0 72.0;

Figure 3: Final Job Shape.

\\ Program name

\\ Machine Setup

\\ Machine home reference return
\\ Tool Selection

\\ Spindle ON with 600 RPM speed.

\\ Facing operation with 1 mm/min



N1© GoO U0.0 We.o; \\ Machine tool to machine home

position
N1l Me5; \\ Spindle OFF
N12 Me1l; \\ Program End and reset to start.

3.2 CNC Facing Operation on Mill

Develop a Numeric code to perform a Face milling on a rectangular block given figure 4 to get flat face
to on a CNC Mill machine.

Figure 4: Final Job of the Block.

Hints
01221; \\ Program name
NO1 G40 G21 G99 G90; \\ Machine Setup
NO2 G28 U0.0 WO.0; \\ Machine home reference return
Ne3 Me6 Tele1l; \\ Tool Selection
Ne4 Me3 S1000; \\ Spindle ON with 1000 RPM speed.

NO5 Goo X-100.0 Y0.0 Z5.0;

NO6 GOl X1000.0 Y30.0 Z-1.5 F2.0;

NO7 GOl Y60.9; \\ Facing operation with 2 mm/min
F.R

N15 GOl X35.0 72.0;

N16 GoO U0.0 Wo.0; \\ Machine tool to machine home

position

N17 Me5 ; \\ Spindle OFF

N18 M309; \\ Program End and reset to start.
Try

1. Rewrite the developed NC code to reduce the cycle time per job using canned cycles.

2. Develop a 3D model of the job and generate an automated numeric code with operations in
Master CAM software.



4. Exercises on Plain Turning

4.1Plain Turning

Develop a Numeric code to perform a turning operation on a cylindrical block to get a job as given on a
CNC lathe machine. Use spindle speed of 1000 RPM and feed rate of 2mm/min.
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Figure 5: Final Job shape of block

Hints
01221; \\ Program name
NO1 G40 G21 G99 G90O; \\ Machine Setup
N@2 G28 U0.0 WO.0; \\ Machine home reference return
NO3 Me6 T0201 MeS8; \\ Tool Selection and Flood Coolant
ON
No4 Mo3 S1000; \\ Spindle ON with 1000 RPM speed.

NO5 Geo X35.0 Z5.0;

NO6 GOl X30.0 70.0 F2.0;

NO7 GOl Z-40.0; \\ Turning operation with 2 mm/min
F.R

N15 GO1 X35.0 Z2.0;

N16 GO U0.0 We.o; \\ Machine tool to machine home
position

N17 M@5 Me9; \\ Spindle and Coolant OFF

N18 M309; \\ Program End and reset to start.

4.2 Plain Turning operation on a cylindrical block




Develop a Numeric code plain turning operation on a cylindrical block Generate a Numeric code to
perform a to get a job as given in figure 6 on a CNC lathe machine. Use spindle speed of 600 RPM and
feed rate of Tmm/min

Figure 6 : Final Job Shape.

Hints

Try

01234;

No1
NO2
NO3
ON

No4
NO5
NO6
Ne7
F.R

G40
G28
Mo6

M3
Goe
Go1
Go1

@
& 25

@ 20

20 20 20

G21 G99 G9o;
Uo.0 Wo.o;
70202 MOS8;

S600;

X35.0 75.0;
X30.0 Z0.0 F1.0;
Z-40.0;

N15 GO1 X35.0 Z2.0;
N16 GOO U0.0 WO.0;

position

N17 Me5 Me9;

N18 M30;

\\ Program name

\\ Machine Setup

\\ Machine home reference return
\\ Tool Selection and Flood Coolant

\\ Spindle ON with 600 RPM speed.

\\ Turning operation with 1 mm/min

\\ Machine tool to machine home

\\ Spindle and Coolant OFF
\\ Program End and reset to start.

Modify the NC code to reduce the cycle time per job using canned cycles namely, G70 and
G71.

Develop a 3D model of the job and generate an automated numeric code in Master CAM
software.



5. Exercises on Step Turning

5.1 perform a step turning operation on a cylindrical block

Write a Numeric code to perform a step turning operation on a cylindrical block to get a
job as given in below figure 7 on a CNC lathe machine. Use spindle speed of 1000 RPM and
feed rate of 2mm/min

Figure 7 : Final Job Shape.

Hints
01321; \\ Program name
NO1l G40 G21 G99 G99; \\ Machine Setup
NO2 G28 U0.0 We.o; \\ Machine home reference return
NO3 Me6 Tolel Mes; \\ Tool Selection and Flood Coolant
ON
No4 Mo3 S1000; \\ Spindle ON with 1000 RPM speed.

NO5 Gee X37.5 Z5.0;

NO6 GOl X35.0 Z0.0 F2.0;

NO7 GOl Z-100.0; \\ Turning operation with 2 mm/min
F.R

N15 GOl X35.0 Z2.0;

N16 GO U0.0 We.o; \\ Machine tool to machine home
position
N17 M@5 Me9; \\ Spindle and Coolant OFF

N18 M309; \\ Program End and reset to start.



5.2 Perform a Step turning operation

Perform a step turning operation on a given job as given in below figure 8 using CNC
milling machine.
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Figure 7 : Final Job Shape

Hints
01121; \\ Program name
NO1 G40 G21 G99 G90O; \\ Machine Setup
N@2 G28 U0.0 WO.0; \\ Machine home reference return
NO3 Me6 Te303 MeS8; \\ Tool Selection and Flood Coolant
ON
NO4 Mo3 S8000; \\ Spindle ON with 800 RPM speed.
NO5 GOO X32.5 Z5.0;
NO6 GO1 X30.0 Z0.0 F2.0;
NO7 GOl Z-70.9; \\ Turning operation with 2 mm/min
F.R
N15 GOl X32.5 72.0;
N16 GO U0.0 We.0; \\ Machine tool to machine home
position
N17 M@5 Me9; \\ Spindle and Coolant OFF
N18 M309; \\ Program End and reset to start.



Try

1. Modify the NC code to reduce the cycle time per job using canned cycles namely, G70

and G71.

2. Develop a 3D model of the job and generate an automated numeric code in Master

CAM software by specifying machining parameters.

6. Exercises on Grooving and Threading

6.1 Grooving Operation

Develop a Numeric code to create a circular groove on a cylindrical job shown in figure 8 on

a CNC lathe machine.

280

Hints

01321;

NO1 G40 G21 G99 G9O;

NO2 G28 U0.0 We.o;

N3 M@6 TO505;

NO4 M@3 S500;

NO5 GOO X82.5 Z5.0;

NO6 GO1 X80.0 720.0 F2.0
NO7 GO1 Z-100.0;

F.R

N15 GOl X82.5 Z-40.0;
N16 Goo U0.0 We.o;
position

N17 Me5 Me9;

N18 Me1;

Figure 8: Groove on a job.

\\ Program name

\\ Machine Setup

\\ Machine home reference return
\\ Tool Selection-Groove tool

\\ Spindle ON with 500 RPM speed.

)

\\ Grooving operation with 2 mm/min

\\ Machine tool to machine home

\\ Spindle and Coolant OFF
\\ Program stop



Try

1. Alter the above NC code using canned cycles namely G75 to reduce the overall cycle
time on the job,

2. Generate an automated code in Master CAM software by specifying Groove parameters.

6.2 Threading Operation

Create a Thread of M20 x1.5 on a cylindrical bar upto 18mm as shown in figure 9 from one
end of the stock.

M20 X 1.5 THREAD

180

Figure 9: M20 x 1.5 Thread on a job.

Hints
01421; \\ Program name
NO1l G40 G21 G99 G90; \\ Machine Setup
NO2 G28 U0.0 WO.0; \\ Machine home reference return
NO@3 MO6 TO505; \\ Tool Selection-Groove tool
Noe4 Mo3 S500; \\ Spindle ON with 500 RPM speed.
NO5 GO X22.5 Z5.0;
NO6 GO1 X20.0 Z0.0 F2.0;
NO7 G76 X18.2 Z-18.0 I-.01 K900 D100 F1.5; \\ Threading operation (M20 x 1.5)
NO8 GOO X25.0 Z10.0;
NO9S GeO U0.0 We.o; \\ Machine tool to machine home
position
N1© MO5 Me9; \\ Spindle and Coolant OFF
N11 Me1; \\ Program stop

Try

1. Alter the above NC code to use double line G76 screw thread cycle.

2. Generate an ACME Thread for the same.



7. Exercises on Drilling and Boring

7.1 Drilling Operation

Drill a hole till 24 mm with 12 mm diameter on a cylindrical job centrally on a face using CNC
lathe machine as shown in figure 10.

=)
24
70
Figure 10: Drilling Operation
Hints
01461; \\ Program name
NO1l G40 G21 G99 G99, \\ Machine Setup
N@2 G28 U0.0 WO.0; \\ Machine home reference return
N@3 Me6 TO606; \\ Tool Selection-Drill tool
No4 Mo3 S200; \\ Spindle ON with 200 RPM speed.
NO5 GO X35.0 Z5.0;
NO6 GOl X0.0 Z2.0 F1.0;
NO7 GOl Z-24.0; \\ Drilling operation (24mm depth)
NO8 GOl 7160.0;
NOS GeO U0.0 We.o; \\ Machine tool to machine home
position
N1© M@5 Me9; \\ Spindle and Coolant OFF

N1l Mo1; \\ Program stop



Try

1. Alter the above NC code using canned cycles namely G74 and G83 to improve the
quality of drilled hole.

2. Generate an automated code in Master CAM software by specifying hole parameters.

7.2 Boring Operation

Develop a Numeric code to enlarge a hole of 35 mm to 40 mm on a CNC lathe machine as

shown in figure 11.

Hints

01461;

No1
NO2
NO3
No4
N@5
NO6
No7
No8
Ne9S

position

G40
G28
Mo6
Me3
Goo
GOl
GOl
GOl
Goo

Figure

G21 G99 G9o;

U0.0 WOe.o;
TO101;

S800;

X41.0 70.0;
X40.0 Z1.0 F1.0;
Z-40.0;

X30.0 Z10.9;
U0.0 Wo.0;

N1© M@5 M@9;

N11 M30;

Try

A
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2x45°
40
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11: Boring operation of the job

\\ Program name

\\ Machine Setup

\\ Machine home reference return
\\ Tool Selection-Boring Tool

\\ Spindle ON with 80@ RPM speed.

\\ Boring operation

\\ Machine tool to machine home

\\ Spindle and Coolant OFF
\\ Program stop

1. Modify the above NC code using canned cycles namely G771 and G70 to improve the

cycle time and finish of the operation.

2. Generate an automated numeric code in Master CAM software for boring operation on
CNC lathe.



8. Exercises on Milling: Plain and Step Milling

8.1. Plain Milling

Generate a NC code to remove 8mm of top surface of the rectangular block of 200 x120 mm as
shown in figure 12.

PE————

Figure 12: Plain milling on the job.
Hints

02356;

N@1 F200 S800 MO3 M41;

NO2 G990 X-50.0 Y0.0 725.0;

NO3 GOl Z8.0 F200;

NO4 GOl G990 X-30.0 Y0.0 F250.0;
NO5 GO5 GO1 Z-2.0 F200.0;

N13 GOl Z720.0;

N14 GOO X-50.0;

N15 M39;

8.2. Step Milling

Develop a NC code to create a pocket of 15mm depth from the top surface on the rectangular block
of 160 x160 x 20 mm of shape as shown in figure 13 with 5mm as depth of cut.
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Figure 13: Plain milling on the job.



Hints

02356;
F500 S800 MO3 M41l;
X-50.0 Y0.0 725.0;
78.0 F200;

No1
No2
N@3
No4
NO5
N12
N13

N14
N15

Try

G90
GOl
Go1l
GO5
GOl
Go1l

Goo
M30;

G99 X-30.0 Y0.0 F250.0;

GOl Z-2.0 F200.0;

X-30.0;
220.0;
X-50.0;

1. Animproved code for the plain and step operations using subroutine cycles.

2. Generate an automated code in Master CAM to optimize the final finish of the pocket.

9. Exercises on Drilling operation on VMC

9.1 Drilling Operation

Develop a numeric code to create a hole of 5mm diameter at various positions given below
in figure 14

Hints

01451;
NO1 G40 G21 G99 G99;
NO2 G28 UP.0 Wo.0;

NO3 MO6 TO505;

Dia.
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Figure 14: Drilling operation on the job.

N20 GOO X10.0 Y30.0 712.0 S1000 M0O3;

\\ Program name

\\ Machine Setup

\\ Machine home reference return

\\ Tool Selection-Drill Tool 5 mm

\\ Drill tool Positioning at hole.



N30 G81 X10.0 Y30.0 Z-17.0 R2.0 F75.0 \\ Drilling operation at Hole 1

N4© Y10.0 (Hole 2)

N120 G83 X60.0 Y28.0 Z-17.0 Q6 R2.0 F60.0; (Hole 9)

N150 G98 Y12.0; (Hole 10)

N160 G91 G809 G28 X0.0 Y0.0 Z0.0 MO5; \\ Machine home position and Spindle
OFF

N170 M30;

9.2 Drilling to create a hole of M5x1.25 diameter

Generate a Numeric code for drilling which is to create a hole of M5x1.25 diameter at

positions given below in figure 15.
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Figure 15: Drilling operation on the job.

Hints
01451; \\ Program name
NO1l G40 G21 G99 G90O; \\ Machine Setup
NO2 G28 U0.0 We.o; \\ Machine home reference return
N©3 Mo6 TO505; \\ Tool Selection-Drill Tool 5 mm
Dia.
N20 GOO X10.0 Y30.0 Z12.0 S1000 Me3; \\ Drill tool Positioning at hole.
N30 G81 X10.0 Y30.0 Z-17.0 R2.0 F75.0 \\ Drilling operation at Hole 1
N110 G91 G8O G28 X0.0 Y0.0 Z0.0 MO5
N120 G83 X60.0 Y28.0 Z-17.0 Q6 R2.0 F60.0; (Hole 9)
N150 G98 Y12.0; (Hole 10)
N160 G91 G890 G28 X0.0 Y0.0 Z0.0 MO5; \\ Machine home position and Spindle
OFF
N170 M309;

Try
1. Modify the above code with peck drilling code namely G83 for creating better hole finish.

2. Develop the numeric code on Master CAM for drilling on milling machine.



10. Exercises on Profile and Helical Milling

10.1 Profile Milling

Write a CNC Milling program for a FANUC controlled machine for the given profile in figure 16. Profile
milling depth = 6mm. Take the depth of cut 0.5mm, speed 1200rpm. Assume suitable feed as
100mm/min.

P

Figure 16: Profile of the mill for the job.
Hints

02356;

NO G99 F200 S1204;

N10 GOO X30.0 Y30.0 Z0.9;
N10 G91;

N20 GO1 Z-0.5;

N30 GO1 X0.0 Y25.0;

N10@ GO1 X-15.0 Y-10.0;
N110 GOl X-15 Y0.9;

N120 GO2 X-40 Y0.0 R20.0
N130 GOl X-25 Y0.0;

N60 GO1 710.9;

N70 M@5 M30;

Try
1. Optimize the cycle time of the above operation using canned cycles.

2. Develop an automated code for profile milling using Master CAM for increasing surface finish

of the part.
10.2 Helical Milling
Create a hole of 60 mm diameter using a 40 mm endmill using helical interpolation on VMC.
Hints
01461; \\ Program name
NO1l G80 G21 G17 G54 G90; \\ Machine Setup
NO2 G28 U0.0 We.o; \\ Machine home reference return
NO3 Mo6 TO0606; \\ Tool Selection-End mill 40 mm
Dia
No4 Mo3 S16000; \\ Spindle ON with 1000 RPM speed.

NO5 GOO X0.0 Y0.0 Z75.0;



No6
Ne7

Go1l
Ge3

N14
N15
N16
N17

Try

Goo
Goo
G53
G40

Z1.0 F1.0 Me8;

X60.0 Y0.0 Z-2.0; \\ Tapping operation

X30.0 7Z1.0;

Z5.0 Mo9; \\ Coolant OFF

X0.0 Y0.0 Z0.0 MO5; \\ Machine home and Spindle OFF
Mo1; \\ Program End.

1. Create an effective code to reduce machining time using Canned cycles.

2. Generate an automated code using Master CAM and check for machine finish.

11. Exercises on Tapping and Slotting

11.1 Tapping Operation

Create a thread of M12x1.5 on drilled hole of diameter 10 mm by tapping operation on VMC.

Hints

01461;

No1
No2
NO3
No4
NO5
Ne6
Ne7
NO8
Ne9
N1@
N11

Try

G40
G28
Mo6
Me3
Goe
Go1l
Go1
GOl
Goe
Me5
M30

\\ Program name

G21 G99 G99, \\ Machine Setup

U0.0 WO.0o; \\ Machine home reference return
To1e1; \\ Tool Selection-Tap M12x1.5
S100; \\ Spindle ON with 100 RPM speed.
X25.0 Y25.0 Z5.0;

Z-5.0 Fl1.0;

Z5.0; \\ Tapping operation

X0.0 Y0.0;

U0.0 WO.0; \\ Tool to machine home position
Me9; \\ Spindle and Coolant OFF

1. Perform the Multiple tapping operations using G84 code and also use other forms of G84 also.

2. Generate an automated code for tapping operation on Master CAM.

11.2 Slotting Operation

Create a rectangular slot of 10 x 10 mm on a stock by VMC.

Hints

01641;

Ne1
Ne2
Ne3
No4
Ne5
Ne6
Ne7
Ne8
N29
N30
N31
N32

G40
G28
Mo6
Mo3
Goo
Go1l

\\ Program name

G21 G99 G99, \\ Machine Setup
U0.0 Wo.0; \\ Machine home reference return
T9101 Mo6; \\ Tool Selection- End mill of 10mm
S800; \\ Spindle ON with 800 RPM speed.
X50.0 Y25.0 Z10.9;
Z-1.0 Fl.0;
X125.0; \\ Slotting operation
X50.0 Y25.0 710.0;
U0.0 Wo.o; \\ Tool to machine home position
Me9; \\ Spindle and Coolant OFF

\\ Program End.



Try

1. Repeat the above program with changing the shape of the cutter and observe the type of slot
formed after machining.

2. Optimize the above code to reduce overall machining time for slotting operation.

3. Generate an automated code using Master CAM for Slotting operation.

12. Exercises on CNC Cylindrical Grinding.

12.1 cylindrical grinding operation

Perform cylindrical grinding operation using CNC cylindrical grinding machine on a solid cylindrical bar
stock.

Hints

e Mount the cylindrical stock on to the grinding wheel between two roller
supports.

e Switch ON the machine and set the machining workspace and parameters for the
job.

e Set the grinding depth and number of steps to be performed along the
cylindrical stock to get the desired diameter.

e Start grinding process by turning the stock constantly around itself to get
consistent results.

e Upon the desired result of the stock, switch off the machine and unmount the
cylindrical stock.

12.2 Cylindrical block by 0.05mm

Operate CNC cylindrical grinding machine to reduce an outer dimension of cylindrical block by
0.05mm

Hints

e Mount the cylindrical stock on to the grinding wheel between two roller
supports.

e Switch ON the machine and set the machining workspace and parameters for the
job.

e Set the grinding depth and number of steps to be performed along the
cylindrical stock to get the desired diameter.

e Start grinding process by turning the stock constantly around itself to get
consistent results.

e Upon the desired result of the stock, switch off the machine and unmount the
cylindrical stock.

Try
1. Repeat the same with higher grinding depths.

2. Perform cylindrical grinding on tapered bar to improve surface finish.



13. Exercise on Laser Cutting

13.1 Create aerofoil profile cutting using Laser cutting machine.

Engrave aerofoil profile onto balsa wood using Laser cutting machine.

Hints

Import the aero foil coordinates that needs to be cut on the laser machine.
Setup the laser machine foe cutting paths by selecting appropriate power for
laser and speed of movement of the laser.

Enclose the shape in a bounding box to ensure the material placement in this
case balsa wood is in correct cutting path of the laser.

If all checks out, then send the file to laser cutter to perform cutting.
Let the machine complete the cutting cycle to give out a clean-cut part in
aero foil shape.

13.2 Photograph onto balsa wood

Engrave a photograph onto balsa wood using Laser cutting machine.

Hints

Try

Import the aero foil coordinates that needs to be cut on the laser machine.
Setup the laser machine foe cutting paths by selecting appropriate power for
laser and speed of movement of the laser.

Enclose the shape in a bounding box to ensure the material placement in this
case balsa wood is in correct cutting path of the laser.

If all checks out, then send the file to laser cutter to perform cutting.
Let the machine complete the cutting cycle to give out a clean-cut part in
aero foil shape.

Repeat above exercise with any other aero profile shape for cutting on balsa wood.

Engrave a photograph on acrylic sheet using appropriate parameters.

14. Exercise on Rapid Drilling

14.1 Rapid Dirilling on a plate of diameter 10mm

Perform rapid drilling on a plate of diameter 10mm using Electrical Discharge

machine.

Hints

e Switch on EDM Machine and make sure that it has sufficient dielectric liquid
for the machining process to begin.

Secure the job onto the clamps inside.

Position the electrode and setup its work area on the job.

Run the machine to perform the drilling of required diameter onto the job.
After operation is complete, switch off the machine to take the job out.



14.2 Create a hole of diameter 10.35 mm

Create a hole of diameter 10.35 mm using Electrical Discharge machine.

Hints

Try

e Switch on EDM Machine and make sure that it has sufficient dielectric liquid
for the machining process to begin.

Secure the job onto the clamps inside.

Position the electrode and setup its work area on the job.

Run the machine to perform the drilling of required diameter onto the job.
After operation is complete, switch off the machine to take the job out.

Repeat the above experiment with variable diameter hole.

To use the EDM machine to create a part at most precision.

15. Additional Exercises

15.1 CNC operations

To Utilize the previously mentioned CNC operations to get final part made as shown in figure 20.

Hints (Procedure to generate the code for part)

e Take a stock of 50 mm diameter x 50 mm for creating of part.

e Use CNC Lathe to perform facing and step turning in operation to straighten
and flatten the stock form both sides.

e Now use VMC to drill out three holes of various diameters.

e Enlarge a centrally drilled hole to a diameter of 30 mm till 6 mm depth to
make central hole to a counterbore hole.

e Use endmill to profile out the base elliptical part.

e At the end use EDM to cut out the required part form the stock.

e As part of finishing, use grinding wheel create smooth finish from all
sides.

15.2 CNC operations

To Utilize the previously mentioned CNC operations to get final part made as shown in figure 21.

Hints (Procedure to generate the code for part)

e Take a stock of 150 mm diameter x 70 mm for creating of part.

e Use CNC Lathe to perform facing and step turning in operation to straighten
and flatten the stock form both sides.

e Now use VMC to drill out three holes of various diameters.

e Use endmill to create a slot on the cylindrical part.

e At the end use EDM to cut out the required part form the stock.

e As part of finishing, use grinding wheel create smooth finish from all
sides.



Try

To use the canned cycles to optimize the cycle time for production of part.
To generate an automated code using Master CAM for the part shown above.
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