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Study Plan - Review

Class# Date Planning 

1 10/8 Global Manufacturing? 

2 12/8 Manufacturing Processes (Begin project) 

3 17/8 Steel Making 

4 19/8 Casting Processes 

5 24/8 Fabrication of Plastic, Ceramics and Composites 

6 26/8 Powder Metallurgy  

7 31/8 Additive Manufacturing  

8 02/9 Metal Forming Processes 

9 09/9 Forming Processes 

10 14/9 CSA Visit 

11 16/9 Metal Cutting (Machining) Processes  

12 21/9 Joining (and Welding) Processes and Surface Engineering [HW #6] 

13 23/9 Measurement and Inspection / Quality [HW# 7] 

14 28/9 Presentation – Project – Part A 

15 30/9 Presentation – Project – Part B 

	



Metal Cutting [#9]



Metal Cutting

• Shear Processes (Sheet Forming Process)

• Machining Processes

– Traditional Machining

• Rotational work part

• Non-rotational/prismatic work part 

– Non-traditional Machining 

• Oxygen Cutting 

(Related to welding Process)



Machining





TURNING











TURNING
Cutting Parameters:

d => Depth of Cut

V => Cutting Velocity

f => feed per revolution



CUTTING TIME



VOLUMETRIC RATE MATERIAL REMOVAL



DRILLING



CUTTING TIME





MILLING











CUTTING VELOCITIES



Cutting Velocities in Milling (Conventional Speed and HSC)



Cutting Time



Cutting Time



SHAPPING AND PLANNING





BROACHING





SAWING









MACHINING TOLERANCES



TOOL LIFE





TOOL MATERIALS



CUTTING SPEED X CUTTING TOOL MATERIAL



CUTTING SPEED RANGE

[V_max Production; V_min Cost]



GRINDING









HONING



NONTRADITIONAL MACHINING

 Mechanical Energy Processes

 Ultrasonic Machining

 Processes Using Water Jets

 Other Nontraditional Abrasive Processes

 Electrochemical Machining Processes

 Electrochemical Machining

 Electrochemical Deburring and Grinding

 Thermal Energy Processes

 Electric Discharge Processes

 Electron Beam Machining

 Laser Beam Machining

 Chemical Machining



Non Traditional Machining Processes

1. Mechanical. Mechanical energy in some form other than the action of a

conventional cutting tool is used in these nontraditional processes. Erosion of

the work material by a high velocity stream of abrasives or fluid (or both) is a

typical form of mechanical action in these processes.

2. Electrical. These nontraditional processes use electrochemical energy to

remove material; the mechanism is the reverse of electroplating.

3. Thermal. These processes use thermal energy to cut or shape the workpart.

The thermal energy is generally applied to a very small portion of the work

surface, causing that portion to be removed by fusion and/or vaporization. The

thermal energy is generated by the conversion of electrical energy.

4. Chemical. Most materials (metals particularly) are susceptible to chemical

attack by certain acids or other etchants. In chemical machining, chemicals

selectively remove material from portions of the workpart, while other portions

of the surface are protected by a mask.



Ultrasonic Machining

Ultrasonic machining (USM) is a nontraditional machining process in which

abrasives contained in a slurry are driven at high velocity against the work by

a tool vibrating at low amplitude and high frequency.

The amplitudes are around 0.075 mm (0.003 in), and the frequencies are

approximately 20,000 Hz. The tool oscillates in a direction perpendicular to

the work surface, and is fed slowly into the work, so that the shape of the

tool is formed in the part.



Water jet cutting (WJC) uses a fine, high-pressure,

high-velocity stream of water directed at the work

surface to cause cutting of the work.

To obtain the fine stream of water, a small nozzle

opening of diameter 0.1 to 0.4mm(0.004 to 0.016 in)

is used. To provide the stream with sufficient energy

for cutting, pressures up to 400 MPa (60,000 lb/in2)

are used, and the jet reaches velocities up to 900 m/s

(3,000 ft/sec).

The fluid is pressurized to the desired level by a

hydraulic pump.

Water Jet Cutting (WJC)



Abrasive Water Jet Cutting

When WJC is used on metallic workparts, 

abrasive particles must usually be added to 

the jet stream to facilitate cutting. 

Introduction of abrasive particles into the stream complicates the process

by adding to the number of parameters that must be controlled. 

Among the additional parameters are abrasive type, grit size, and flow

rate.

Aluminum oxide, silicon dioxide, and garnet (a silicate mineral) are 

typical abrasive materials, at grit sizes ranging between 60 and 120. 

The abrasive particles are added to the water stream at approximately 0.25 

kg/min (0.5 lb/min) after it has exited the WJC nozzle.



Usinagem por jato abrasivo

Processo de remoção de material devido à ação de uma corrente de 

gás em alta velocidade, contendo pequenas partículas abrasivas 

• O gás é seco com pressões de 0,2 a 1,4 

MPa para empurrá-lo através dos 

orifícios dos bocais.

• O diâmetro varia entre de 0,075 a 1,0 

mm 

• Velocidades de 2,5 a 5,0 m/s

• Distância entre a ponta do bocal e a 

superfície da peça: entre 3 mm e 75 

mm 

Os gases usados: ar seco, nitrogênio, dióxido de carbono e 

hélio

materiais 

duros e frágeis 



Abrasive Jet Machining

The gas is dry, and pressures of 0.2 to 1.4 MPa (25 to 200 lb/in2) are used to propel it

through nozzle orifices of diameter 0.075 to 1.0mm(0.003 to 0.040 in) at velocities of

2.5 to 5.0 m/s (500 to 1000 ft/ min). Gases include dry air, nitrogen, carbon dioxide,

and helium.



Electrochemical Machining processes

The basic process in this group is electrochemical machining (ECM).

Electrochemical machining removes metal from an electrically conductive

workpiece by anodic dissolution, in which the shape of the workpiece is

obtained by a formed electrode tool in close proximity to, but separated from,

the work by a rapidly flowing electrolyte.



Electric Discharge Machining

The shape of the finished work surface is produced by a formed e

lectrode tool. The sparks occur across a small gap between tool

and work surface.

The EDM process must take place in the presence of a dielectric fluid, which creates a

path for each discharge as the fluid becomes ionized in the gap.

The discharges are generated by a pulsating direct current power supply connected to

the work and the tool.



Electric discharge wire cutting



Electron beam machining

Electron beam machining (EBM) is one of several industrial processes that use

electron beams. In addition to machining, other applications of the technology

include heat treating and welding. Electron beammachining uses a high-velocity

streamof electrons focused on the workpiece surface to remove material by

melting and vaporization.



Laser beam machining

Laser beam machining (LBM) uses

the light energy from a laser to

remove material by vaporization

and ablation.

The types of lasers used in LBM

are carbon dioxide gas lasers and

solid-state lasers (of which there

are several types).

In laser beam machining, the

energy of the coherent light beam

is concentrated not only optically

but also in terms of time. The light

beam is pulsed so that the released

energy results in an impulse

against the work surface that

produces a combination of

evaporation and melting, with the

melted material evacuating the

surface at high velocity.



Chemical Machining

1. Cleaning. The first step is a cleaning operation to ensure that material will be removed uniformly from the

surfaces to be etched.

2. Masking. A protective coating called a maskant is applied to certain portions of the part surface. This

maskant is made of a material that is chemically resistant to the etchant (the term resist is used for this

masking material). It is therefore applied those portions of the work surface that are not to be etched.

3. Etching. This is the material removal step. The part is immersed in an etchant that chemically attacks those

portions of the part surface that are not masked. The usual method of attack is to convert the work material

(e.g., a metal) into a salt that dissolves in the etchant and is thereby removed from the surface. When the

desired amount of material has been removed, the part is withdrawn from the etchant and washed to stop the

process.

4. Demasking. The maskant is removed from the part.





Home Work # 7

• There will be no HM#7. 

• On the other hand, machining Parameters should be calculated

in the Final Project. Which means: find recommended

parameters as feed per revolution (of per tooth), depth of cut

and cutting velocity and calculate feed velocity Vf and spindle

speed N.


