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   NON CONVENTIONAL MACHINING PROCESS
 

 

Non conventional machining methods: 

1. Electro discharge machining(EDM) 

2. Electro chemical machining(ECM) 

3. Abrasive jet machining(AJM) 

4. Ultrasonic machining(USM) 

5. Plasma arc machining(PAM) 

6. Electron beam machining(EBM) 

7. Laser beam machining(LBM) 

1. Electro discharge machining: 

- It has been recognized that a powerful spark, such as at the terminals of an 

automobile battery will cause pitting of the metal at both the anode and the 

cathode. 

- Power is supplied from an AC service to a rectifier for generating the spark. 

- DC output is then feed to the spark generation circuit. 

- Tool, work and servomechanism are connected to the circuit. 

- The function of the servomechanism is to maintain a very small gap between the 

tool and work. The gap maintained is (0.025 to 0.75) mm. 
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- The tool and the work are submerged in dielectric fluid having poor electrical 

conductivity. 

- The spark is the transient electric discharge between the work and tool. 

- When the potential difference (voltage) is sufficiently large across the gap the 

dielectric fluid becomes ionized and breaks down to form the spark. 

- The condenser discharges the current in the form of a spark. 

- The time interval of spark is (10 to 30) microseconds. 

- The current density is (5 to 500) A/mm2. 

- The thousands of spark discharge occur/second across the gap between tool and 

work which results a temperature 12000° C. 

- At each discharge heat transfers from high temperature spark to both tool and work. 

- It melts the metal in a thin surface layer. 

- Work – anode 

Tool – cathode 

 Dielectric fluids are based such as white spirit, paraffin, petroleum base hydrocarbon 

fluids, transformer oil, kerosene and mineral oil. 

 Dielectric fluid cools the cutting zone. 

 Tool materials are based such as copper, brass, alloys of zinc and tin, hardened plain 

carbon steel, tungsten carbide, graphite etc. 

 

Advantages of EDM 

- Complex shapes can be produced which are difficult to produce in conventional 

methods. 

- Extremely hard materials with very close tolerance can be achieved. 

- There is no direct contact between work and tool. So delicate sections and weak 

materials can be machined without any distortion. 

- A good surface finish can be obtained. 

- Very fine holes can be drilled. 

- The chips, burrs can be easily cleaned from the surface due to the presence of 

dielectric fluid. 

- Cutting forces are zero. 

Disadvantages of EDM 

- Only electrically conducting materials can be machined by EDM. 

- The low rate of material removal. 

- Power consumption is very high. 
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- Excessive tool wear occurs during machining. 

- Fire hazard associated with use of combustible oil based dielectrics. 

- Cost is more.  

- Time consuming process. 

- Reproducing sharp corners on the work piece is difficult. 

Application of EDM 

- Manufacturing of the dies, press tools for the press machines. 

- Manufacturing of moulds for the foundry shop. 

- Manufacturing of the dies for the forging shop. 

- Dies for the injection moulding machines. 

- This process is useful for machining of small holes, orifices or slots in diesel fuel 

injection nozzles, in air craft engines, air brake, valve etc. 

- This process is suitable for machining burr free intricate shapes, narrow slots and 

blind cavities etc. 

2. Electro chemical machining (ECM): 

- In ECM the principle of electrolysis is based for the removal of material from the 

metal surface. The principle of electrolysis is based on Faraday’s laws of electrolysis. 

- Work piece – anode , tool – cathode 

- The tool is hollow tubular type to provide passage for circulation electrolyte 

between the tool face and the work. 

- As the power supply is switched on and the current starts flowing through the 

circuit. 

- Electrons are removed from the surface of the atoms of the work piece. 
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- The cat-ions tend to migrate to the hollow cutting tool. 

- Before these ions can get deposited on the cutting tool face, these are swept away 

by rapidly flowing electrolyte. 

- The anions which move towards DC supply for the neutralization. 

- The tool is fed towards the work piece automatically at constant velocity to control 

the gap between the work and the tool. 

- The sides of the tool are insulated to concentrate the metal removal action at the 

bottom face of the tool. 

- The electrolyte with burs form the tank is lifted by the help of pump and reused 

again. 

- The filter is provided for the filtration of burrs and dirt particles after the pump. 

- The electrolyte is used 20% common salt (NaCl) solution. It acts as coolant during 

metal removal. 

Advantage of ECM: 

- Tool does not contact the work piece. So less tool, wear, less heat and less stress are 

produced. 

- Tool can be repeatedly used. 

- It is simple and versatile method. 

- Surface finish can be extremely good. 

- The process character does not depend upon the physical properties of the metal. 

Disadvantages of ECM: 
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- High tool cost. 

- 40000 Amps of current must be supplied. Power consumption is higher. 

- The saline (acidic) electrolyte posses the risk of corrosion to tool, work piece and 

equipment. 

Applications of ECM: 

- Die sinking operation 

- Drilling jet engine turbine blades. 

- Multiple holes drilling. 

- Machining steam turbine blades within closed limits. 

 

3. Ultrasonic machining (USM): 

- Ultrasonic machining is a kind of grinding method. 

- Abrasive slurry is pumped between tool and work. 

- The equipment consists of a transducer, a tool holder and a tool. 

- The linear oscillatory motion of the tool is obtained by transducer which converts 

electric energy into mechanical energy. 

- The transducer consists of a stack of nickel laminations those are wound with a coil. 

- When a high frequency of current is passed through the coil changes in the electro-

magnetic field produce longitudinal strains in the laminations. 

- These longitudinal strains are transmitted to the tool through a tool holder. 
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- The tool oscillates linearly with amplitude of about 0.05 mm. 

- By the help of oscillation of the tool and abrasive slurry the material is removed 

from the work piece. 

- The tool is brazed, soldered or fastened mechanically to the transducer through a 

too holder. 

- The abrasive used in this process is aluminium oxide, boron carbide and silicon 

carbide grains. 

- The abrasive slurry can be prepared by taking the mixture of boron carbide and 

silicon carbide and paraffin and aluminium oxide and paraffin. 

- Water and paraffin acts as coolant. 

- The tool used is may be copper, brass etc. 

Advantages of USM: 

- Good surface finish. 

- Higher structure integrity. 

- Any material can be machined. 

- It can be machined hard, brittle, fragile and non conducting materials. 

- No heat is generated in work, no change of physical structure of material. 

- Non-metal can be machined. 

- It is burr less and distortion less process. 
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Disadvantages of USM: 

- Low metal removal rate. 

- Tool wear rate is higher due to abrasive particles. 

- Ultrasonic machining is used only when the hardness of work is greater than 45 HRC. 

Applications of USM: 

- Machining of hard, brittle and non-conductive materials. 

- It is used chiefly for drilling holes, engraving. 

- It is used for broaching and slicing etc. 

4. Plasma arc machining (PAM): 

- All the gases burning at high temperatures are ionized gases. 

- In plasma arc machining, the gases are ionized by placing an arc across the path of 

gas flow. 

- The gas molecules get dissociated, causing large amounts of thermal energy to be 

liberated. This generates high temperature which removes the metal by melting and 

vaporization. 

 

Process: 

- An arc is struck between tungsten cathode and the water cooled copper anode. 
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- An inert gas such as argon is passed through a small chamber in which the arc is 

maintained. 

- As the gas flows out of the nozzle, it is heated and gets ionized the arc and forms the 

coving plasma flame. 

- The temperature of the plasma flame is (11000 to 28000)° C. 

- The temperature melts the work piece surface and cuts. 

- The cathode is eroded by the high spark temperature and must be adjustable. 

                          

Advantages of PAM: 

- Easy to operate. 

- A semiskilled operator can used this machine. 

- It can cut both ferrous and non-ferrous materials. 

- The plasma torch is easy to operate. 

Disadvantages of PAM: 

- Cutter’s electrode, nozzle sometimes requires frequent replacement which adds the 

cost of operation. 

- Non-conductive materials cannot be cut such as wood and plastic. 

- Plasma arc leaves (4-6)° bevel on the cutting edge. This angle is visible in thicker 

pieces. 

Applications of PAM: 

- Stainless steel and aluminium alloys cannot cut. 
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- Compared to ordinary flame plasma flame cuts the plain carbon steel four times 

faster. 

 

 

 

5. Abrasive jet machining (AJM): 

- In this method the material is removed from the surface of the work piece by 

colliding a focused jet of fine abrasive particles carried by compressed gas. 

- The abrasive jet with compressed gas leaves through a nozzle at a velocity of the 

order 300 m/sec and strikes the surface of the work piece producing impact loading 

on it. 

- Due to impact loading the micro-cracks occur and small chips of material get 

loosened. 

- The fresh surface is achieved. 

- The abrasive material is used are aluminum oxide, silicon carbide and glass beads  

etc. 

                                   

Advantages of AJM: 

- Flexibility and low heat production. 

9 / 138



- Very good surface finish. 

- Hard materials can be machined. 

- Complete profiles can be created. 

- Easily transportable of gas and abrasive material tank so any surface of the work 

piece can be machined. 

Disadvantages of AJM: 

- Very slow rate of operation. 

- Abrasive cannot be re-used. 

- Slow material removal rate. 

- Process produces a taper cut. 

- Sometimes frequent replacement of nozzle brings an extra cost. 

Applications of AJM: 

  - Ideal for cutting intricate profile out of brittle, hard, heat sensitive and thin materials. 

6. Electron beam machining (EBM): 

                                   

- Electron-beam machining is a metal removal process by a high velocity focused stream of 

electrons which heats, melts and vaporizes the work material at the point of bombardment. 

The production of free electrons is obtained from thermo-electronic cathodes wherein 

metal are heated to the temperature at which the electrons acquire sufficient speed for 

escaping the space around the cathode. The acceleration of the electrons is carried by an 

electric field while the focusing and concentration are done by controlled magnetic fields. 
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The kinetic energy of a beam of free electrons is transformed into heat energy as a result of 

the interaction of the electrons with the workpiece material. EBM is therefore, a thermo-

electric process. 

- The figure shows the principle of operation of Electron-beam machining. Abeam of electrons 

is emitted from the electron gun which is basically a triode consisting of 

* A cathode which is a hot tungsten filament (2500˚C) emitting high negative potential 

electrons. 

* A grid cup, negatively based with respect to the filament. 

* An anode which is heats at ground potential, and through which the high velocity 

electrons pass. 

- The gun is supplied with electric current from a high voltage D.C source. The flow of 

electrons is controlled by the negative bias applied to the grid cup. 

- The electrons passing through the anode are accelerated to two-thirds of the velocity of 

light by applying 50 to 150 kV at the anode, and this speed is maintained till they strike the 

workpiece.  

- Due to the pattern of the electrostatic field produced by the grid cup, the electrons are 

focused and made to flow in the form of converging beam through a hole in the anode. 

- A magnetic deflection coil is used to make the electron beam circular having a cross 

sectional diameter of 0.01 to 0.02 mm and deflect it anywhere. 

- A built in microscope with a magnification of 40 on the work piece enables the 

operator to accurately locate the beam impact and observe the actual machining 

operation. 

- As the beam impacts on the work piece surface the kinetic energy of high velocity 

electron is immediately converted into the thermal energy and it vaporized the 

material at the spot of its impact.  

- The power density being very high (about 1.5 billion W/cm3) it takes a few 

microseconds to melt and vaporize the material at the spot of its impact.  

- The process is carried out in repeated pulses of short duration. 

- The pulse frequency may range from 1 to 16000 Hz and duration may range from 4 

to 64,000 micro seconds. 

- The application of the above principle is also found in electron beam drilling in which 

an organic or synthetic backing material is sandwiched on the other side of the 

component.  

- The beam rapidly penetrates the work piece, vaporizing it and reaches the backing 

material which in turn vaporizes rapidly with an explosive release of vapour at high 

pressure. 

- The high vapour pressure of the backing material expels the original metal vapour 

generated at the initial stage, making a clean hole. 

-  
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Accuracy: 

- Typical tolerances are about 10 % of slot width or hole diameter. 

- Taper of about 4° included angle is present in slots and holes and this limits the 

depth-to-width ratio.  

- The depth-to diameter ratio can reach 20:1 with multiple pulses.  

- Heat affected zones of up to 0.03 mm deep have been observed. 

- The stock removal rate is generally in the region of 1.5 mm3/s with a penetration 

rate of about 0.25 mm/s faster. 

Application of EBM: 

- To drill fine gas orifices, less than 0.002 mm, in space nuclear reactors, turbine 

blades for supersonic aero engines. 

- To produce metering holes in injector nozzles in diesel engines, etc. 

- To scribe thin films. 

-  To remove small broken taps from holes. 

Advantages and limitations: 

- EBM is an excellent method for micro finishing.  

- It can drill holes of cut slots which otherwise cannot be made. 

- It is possible to cut any known material, metal or non-metal that can exist in 

vacuum.  

- Besides, there is no cutting tool pressure or wear. 

- As a result, distortion-free machining having precise dimensions can be achieved. 

- The biggest disadvantage is the high equipment cost and employment of high skill 

operator. 

- Besides, only small cuts are possible. 

- Further, requirement of vacuum restricts the size of specimens that can be 

machined. 

 

7. Laser beam machining (LBM): 

-     A laser is a device which produces a beam of light. 

- The laser light is the powerful source of power. 

- The laser is pumped by a flash of high intensity light from a flash lamp. 

- The lamp is fired by discharging a large capacitor through electric power (250-1000) 

watts. 
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- The intense radiation from the lamp excites fluorescent impurity atoms to a higher 

energy level. 

- When the atoms fall back to the original energy level through the series of energy 

levels, an intense beam of visible light is emitted. 

- When the light is reflected back from the coated rod ends, more atoms are excited 

and stimulated to return to their ground level. 

- When this light is focused with ordinary lenses at a spot on the work piece, high 

energy density is obtained which will melt and vaporize the metal. 

Advantages of LBM: 

- Flexibility 

- Fully automated 

- No solvent chemical is used. 

- Holding the work in right position is easier. 

- Do not require a lot of time for cutting. 

- Use less energy as compared to plasma arc machining. 

- Rubber, ceramic, wood and plastic can be machined. 

- Elimination the risk of material contamination. 

- Laser cutting is done by computer programming saving manpower. 

- The chance of accidents and injuries are less due to less human involvement. 

- Efficiency of the machine is very high. 
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- Reduced the chance of warping the material. 

Disadvantages of LBM: 

- High power consumption. 

- Cutting plastic with laser, plastic emits fumes which subjected to heat. The fumes 

released can be toxic. 

- Carelessness in adjusting the laser distance and temperature may lead to burning of 

some materials. 

Applications of LBM: 

- It can be used for drilling, scribing, cutting and shaping. 

- Drilling holes in rubber baby bottle nipples, holes in nylon buttons, holes in surgical 

needles, flow holes in oil or gas orifices etc. 

- To drill holes in diamond dies. 

- Aerospace application 

- For cutting of non-metals. 
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 INTRODUCTION

Apart from the soft data processing aspects of automation like what was discussed in
chapter 10, manufacturing involve machinery and equipment to shape raw materials to
parts of desired geometry. Manufacturing processes like casting, welding, forming of sheet
metals and tubes, extrusion, injection molding, spinning, drawing, forging, rolling, cutting,
machining, lithography, assembly etc involve different kinds of machinery and equipment.
Automation involves not only carrying out the manufacturing process without human
intervention but also many connected operations like stock feeding, proper sequencing of
various steps involved in manufacturing, removal of the processed part from the machine
or equipment, measurement of the completed part and the removal of swarf and lubricants.
For example, in a pressure die casting operation, the molding machine may be hydraulically
operated while the molten metal may be automatically transferred from the melting furnace
to the injection chamber. The cast part is automatically picked up after the separation of
the dies and the parts are cooled and trimmed. Automation is employed to lubricate the
dies, cool the dies after part removal etc. Sensors are employed to measure injection speed,
shot rod position, hydraulic pressure and other data required to adjust process parameters
not only to ensure castings of consistent quality, shot after shot but also to collect
performance data for statistical analysis for quality assurance purposes as well as future
process improvement.

AUTOMATION
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Similarly, if one considers the welding operation, welding operations like spot welding
could be easily automated. In arc welding, the extent of automation is such that the entire
welding activity including electrode feeding, manipulating the work piece, seam tracking
etc requires hardly any human intervention.

Manufacturing automation is not limited to metal processing alone. Textiles,
semiconductors, chemicals, plastics processing etc today employ very high level of
automation, lending themselves to integration leading to a CIM system. This chapter and
as many of the subsequent chapters are devoted to automation of hardware.

Mechanization preceded automation in manufacturing. Mechanization involves
providing human operators with machinery to assist them with the physical requirements
of the work. For example, a chip conveyor eliminates the need for operator to remove the
chips from the cutting zone in lathe operations. A hydraulic chuck facilitates quick and
easy clamping of work pieces. An automation system eliminates the need for human sensory
inputs and decision making and makes the manufacturing system autonomous.

Semiautomatic and automatic machines were introduced in the early stages of
manufacturing. Mechanical control by cams was widely employed before the advent of
electrical control using limit switches and plug board control. Hydraulic tracer control
was also popular in machining. The advent of the computer era introduced several types
of automation systems one after another. Information input by punched cards was followed
by punched tape. Sophisticated data acquisition systems facilitated the automation of
process control systems. Transfer lines using a combination of mechanical, electrical,
pneumatic and hydraulic automation was introduced by automobile industry. The
developments in semiconductor industry and entertainment electronic industry
necessitated sophisticated automation equipment and robots. Another compelling reason
for automation is the need for maintenance of consistent quality as human operators are
subject to fatigue, which reduces their concentration, which often has an adverse effect on
quality. Automation also increases productivity.

 TYPES OF AUTOMATION SYSTEMS

Automation systems can be classified into three major types:

i. Pneumatic automation
ii. Hydraulic automation

iii. Automation systems using programmable logic controllers, which involve
combinations of the above.

These are briefly discussed in the subsequent sections.

PNEUMATIC SYSTEMS
Many low cost automation systems are based on air-operated devices. Most of the
manufacturing shops will have pressurized air supply for clamping, cleaning etc. This

16 / 138



could also be used as an energy source for automation purposes. This could keep the
cost of automation low and hence this type of automation is also called low cost
automation. The actuators are the air motors for rotary motion and pneumatic cylinders
for linear motion. A wide variety of motors and cylinders are available for a variety of
applications. Cylinder types include pneumatic, electrical and servo pneumatic. Direction
control valves control the direction of motion of the actuator. Several other types of
valves are also used in designing pneumatic systems for automobile, general engineering,
biotech and pharmaceutical industry, electronics, food processing and beverage industry
etc. The components of the pneumatic systems also include air preparation units,
positioning units, vacuum systems, handling systems, control valves, valve terminals,
sensors, image processing systems, and tubing and tubing connections. Figure 11.1 shows
a typical range of pneumatic components used for automation.

Fig. 11.1 Pneumatic Automation Components (Courtesy: FESTO)

 OIL HYDRAULIC SYSTEMS
Hydraulic systems have a significant advantage over pneumatic systems in their ability
to handle higher loads and torques. Hydraulic oil is also practically incompressible.
Hydraulic systems operate at significantly higher pressures ranging from 35 Mpa to 200
or more Mpa. This reduces the size of the actuators. Hydraulic systems require a power
pack to supply pressurized oil of adequate quantity. As in pneumatic systems, the
actuators are either motors or cylinders. The muscle power of hydraulic systems combined
with the flexibility and ease of electrical and electronic control makes electro hydraulic
systems an obvious choice even for very demanding applications. Industrial hydraulic
systems use a wide variety of components like cylinders, rotary actuators, pumps, valves
for the control of flow direction, volume, pressure etc, accumulators, filters and tubing.

PROGRAMMABLE LOGIC CONTROLLERS

Industrial control circuits are designed to serve several functions:
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i. Switching:Switching:Switching:Switching:Switching: It is necessary to switch on control elements to operate actuators
like hydraulic cylinders, electric motors, pneumatic valves etc. For example, a
pneumatic or hydraulic cylinder may be used to actuate the door closing function
in a CNC machine.

ii. Sequencing:Sequencing:Sequencing:Sequencing:Sequencing: Certain functions in machines should be performed in a particular
order. For example, if two cylinders, shown in Fig. 11.2 are to be operated in
sequence, the sequence may be any one of the following:

A B B- A-
A A- B B-
A B B- A-
B A A- B-
B B- A A-
B A B- A-

“- “ Symbol denotes the movement of the cylinder in the reverse direction.

A

B

Fig. 11.2 Two Cylinders in Sequence

For example, the sequence ABB-A- means:

• Cylinder A moves forward first
• Cylinder B moves forward next
• Cylinder A retracts and then
• Cylinder B retracts

iii.iii.iii.iii.iii. PrPrPrPrProcess Controcess Controcess Controcess Controcess Control: ol: ol: ol: ol: A PLC may be used to control a process on the basis of signals
received from a process. The signals may be analog or digital.

PLC is a microprocessor-based unit that carries out control functions of many levels
and complexity. PLC is used to monitor process parameters in industries and adjust process
control parameters on the basis of a built-in logic. It is user-friendly and can be operated
by even unskilled persons.
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TTTTTypical PLC applications arypical PLC applications arypical PLC applications arypical PLC applications arypical PLC applications are listed below:e listed below:e listed below:e listed below:e listed below:

(a) Switching functions in a CNC machine tool like spindle motor on/off, coolant
motor on/off, chuck opening and closing, tailstock forward/reverse, door close/
open, guard open/close, pallet change etc.

(b) Operation of lifts in buildings.
(c) Control of electric motors in industrial drives.
(d) Transfer machine control.
(e) Heating control in process industries.
(f) Control of traffic signals.
(g) Safety control of presses.
(h) Robot control.
(i) Home and medical equipment.

PLC is widely used because of several of its advantages, some of which are described
in the following sections:

(i) Flexibility:Flexibility:Flexibility:Flexibility:Flexibility: A PLC can be used for controlling one machine or a group of
machines. A PLC program can be altered easily through a keyboard sequence
so that the machine functions can be modified at the will of the designers
without incurring additional cost of hardware or scrapping existing hardware.

(ii) Low cost:Low cost:Low cost:Low cost:Low cost: Technological developments in microelectronics technology have
reduced the cost of PLC’s considerably.

(iii) Speed of operation: Speed of operation: Speed of operation: Speed of operation: Speed of operation: PLC’s operate faster than relays.
(iv) Security: Security: Security: Security: Security: A PLC program cannot be altered without unlocking the program.
(v) Reprogramming: Reprogramming: Reprogramming: Reprogramming: Reprogramming: In the case of transfer machines the modifications in the control

circuit can be carried out by simple reprogramming so that same hardware can
be used for a new sequence.

(vi) Modularity:Modularity:Modularity:Modularity:Modularity: PLC’s can be assembled in a modular fashion. The designer can add
modules depending upon his requirement of the number of inputs and outputs.

(vii) Analog and digital inputs:Analog and digital inputs:Analog and digital inputs:Analog and digital inputs:Analog and digital inputs: PLC can input/output both analog and digital signals.
(viii) Correction of errors: Correction of errors: Correction of errors: Correction of errors: Correction of errors: Efficient debugging procedure enables easy error correction.

(ix) Off-line programming:Off-line programming:Off-line programming:Off-line programming:Off-line programming:     PLC program can be designed off-line and tested before
implementation.

(x) Boolean programming: Boolean programming: Boolean programming: Boolean programming: Boolean programming: PLC programming can be carried out using a ladder
diagram by an experienced technician.

(xi) Documentation: Documentation: Documentation: Documentation: Documentation: PLC programming devices can generate a printout as soon as
the ladder diagram is completed. This avoids the need for separate documentation
efforts.

(xii) Reliability:Reliability:Reliability:Reliability:Reliability: Since PLC is a solid-state device the reliability is very high.
(xiii) Maintainability: Maintainability: Maintainability: Maintainability: Maintainability: The modular nature of the PLC design makes maintenance easy.
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 PARTS OF A TYPICAL PLC SYSTEM

Figure 11.3 shows the block diagram of a PLC system. It consists of four major parts,
which are briefly described below:

Fig. 11.3 Block Diagram of A PLC System

(i) The central processing unit (CPU):The central processing unit (CPU):The central processing unit (CPU):The central processing unit (CPU):The central processing unit (CPU):     Like a computer this is the brain of a PLC.
It has several sub-parts.
(a) A microprocessor to carry out arithmetic and logic operations.
(b) Memory to store data and programs.
(c) Process image memory.
(d) Internal timers and counters.
(e) Flags.

(ii) Input module:Input module:Input module:Input module:Input module: This acts as an interface between the field inputs and the CPU. The
input module accepts voltage signals from the limit switches, sensors, transducers,
proximity switches, push buttons etc. The input signals can be analog or digital.
The input module performs four tasks.
• It senses the presence or absence of input signals at each of its input

terminals. The input signal tells what switch, sensor, or other signal is on
or off in the operation being controlled.

• It converts the input signal to a DC level useable by the PLC’s electronic circuit.
• The input module carries out electronic isolation of output from input.
• It produces an output sensed by CPU.

Limit Switch
Proximity Switch
Pressure Switch

Temp. Sw itch
Etc.

PROGRAMMING
DEVICE

MICROPROCESSOR
MEMORY

POWER
SUPPLY

OUTPUT
Coils
Relays
Actuators

INPUT
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A typical input module will have 4, 6, 8, 12, 16, or 32 terminals.

(iii) Output module: Output module: Output module: Output module: Output module: The output module interfaces the output devices like contactors,
lamps, relays, solenoid valves etc. with the CPU. The output module acts in
just opposite manner to input module. A signal from CPU is received by the
output module, once for each scan. If the CPU signal code matches the assigned
number of the module the module is turned on. The output modules will have
4,6,8,12,16 or 32 terminals.

(iv) Power supplyPower supplyPower supplyPower supplyPower supply
(v) Racks and chassis to mount the elementsRacks and chassis to mount the elementsRacks and chassis to mount the elementsRacks and chassis to mount the elementsRacks and chassis to mount the elements

 OPERATION OF A PLC

Figure 11.4 shows the operational sequence of a PLC. The PLC system software executes the
user program. The speed with which the operations are carried out will depend upon the
specifications of the microprocessor. The usual method of operation of a PLC is to scan all
the inputs, process the user program and then scan all outputs. This is called a scan cycle.

PROCESS
IMAGE

OUTPUT

PROCESS
IMAGE
INPUT

USER
PROGRAM

OUTPUT
MODULE

INPUT
MODULE

FIELD
SIGNALS

FIELD
CONTROLS

Fig. 11.4 Operation of a PLC

 PROGRAMMING OF PLC

Entering and storing a sequence of instructions in the memory of the PLC either can be
carried out by a hand-held programming device or using a personal computer. The
programming can be done either on-line or off-line as desired by the programmer.

OFF-LINE PROGRAMMING
Off-line programming is used to design programs prior to running the machine. This permits
the programs to be checked prior to implementation and detect any bug in the program.
This is the preferred method of programming.
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 ON-LINE PROGRAMMING
On-line programming is implemented with the direct connection to the PLC. Changes
in the program are made when the PLC is in the running mode.

LADDER LOGIC
The type programming used for PLC is ladder logic. This is a graphical representation of
the hard-wired system used in electrical circuits and includes switches, timers, counters,
and many other pieces of hardware in a structured manner. Figure 11.5 shows one rung
of a circuit diagram and the corresponding ladder diagram.

ON/OFF
SW ITCH

LIMIT
SW ITCH

PUS H
BUTTON

RELAY
COIL

ON/OFF
SW ITCH

LIMIT
SW ITCH

PUS H
BUTTON

RELAY
COIL

LIVE
SUP PLY

NEU TRAL

LIVE
SUP PLY

NEU TRAL

CIRCUIT D IA GRAM

LA D DE R  D IA G RA M

Fig.11.5 One Rung of a Circuit Diagram and the Ladder Diagram

The left hand of the ladder diagram is the live supply and the right hand is the
neutral or common line. The flow of control is from left to right. The operation of the
ladder logic can be explained with the help of a simple example of starting an electric
motor. Figure 11.6 shows a single rung motor starter circuit.

S T A R T S T O P L O A D

L O A D  R E L A Y

Fig. 11.6 Single Rung Motor Starter Circuit

The activation of the motor will occur when all the input devices on the rung will
provide continuity from left to right to the output device. However, this cannot be used
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practically. Another path to the motor is needed to keep the motor running. This is shown
in Fig. 11.7. When the start button is depressed the motor will start and the relay contact
parallel to the start button will close. When the start button is released current will flow
through the relay contact until the stop button is pressed. This will open the relay contact
and stop the motor. In terms of the Boolean logic the motor will run if:

(Start depressed OR IR relay closed) AND (STOP closed).

Now this can be programmed in the PLC software using contact symbols as shown
in Fig. 11.7.

START STOP
INTERNAL

RELAY

IR

IR

MOTOR
LOAD

Fig.  11.7 A Two-rung Software Ladder Diagram for Starting a Motor

 EXAMPLE OF APPLICATION OF PLC IN A CNC MACHINE

In CNC machines PLC is used for realizing several functions. In some machines PLC is
integral with the CNC system. In most of the machines PLC is separate. The PLC program
is designed by the manufacturer of the machine to satisfy the specification requirements of
the machine. The input/output of a PLC in a CNC lathe is given in Table 11.1.

Table 11.1 PLC Input/Output for a Lathe

I 0.0 - SMT 40

I 0.1 - SMT 8

I 0.2 - SMT 4

I 0.3 - SMT 2

I 0.4 - SMT 1

I 0.5 - T STROBE
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I 0.6 - M STROBE

I 0.7 - EMERGENCY OUTPUT

I 0.8 - Z ENABLE

I 0.9 - X ENABLE

I 0.A - JOG OUTPUT

I 0.B - AXIS CONTROLLER READY

I 0.C - TRK6 SPINDLE DRIVE READY

I 0.D - SPINDLE ZERO

I 0.E - DRIVES ON

I 0.F - BDT/M01

I 10.0 - BIT 1

I 10.2 - BIT 2

I 10.3 - BIT 3

I 10.4 - TURRET LOCK

I 10.5 - TURRET MANUAL INDEX

I 10.6 - CHUCK PRESSURE SWITCH

I 10.7 - RESET

I 10.8 - TURRET STROBE

I 10.9 - GEAR HIGH PROXIMITY

I 10.A - GEAR LOW PROXIMITY

I 10.B - JOB CLAMP/UNCLAMP

I 10.C - CHUCK ID/OD

I 10.D - DOOR CLOSE

I 10.E - BRAKE OK FFR

I 10.F - LUBRICATION PRESSURE SWITCH

The ladder diagram for the machine is shown in Fig. 11.8 (a) and (b). A careful
reading of the ladder diagram will reveal that the switching functions are effectively
managed by the PLC in a flexible manner.
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Fig. 11.8 (a) One Section of PLC Ladder Diagram
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Fig. 11.8 (b) Another Section of PLC Ladder Diagram

 FACTORY LEVEL CONTROL

Factory automation systems monitor the production flow in a manufacturing or industrial
environment. There are various processes taking place in a manufacturing plant. The
suppliers of raw materials, components and subsystems are often distributed throughout
the world. Similarly at the other end, the customers are also globally distributed. There
may be several plants for a manufacturing company and these plants may also be located
at different countries. In a factory, materials are received, processed, packaged and
shipped. Several materials handling activities will be involved during the process of
manufacture. The machinery may include motion and drive control systems, which need
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continuous control and monitoring. The manufacturing or process operations have to
be monitored using appropriate sensors located in the machinery or shop floor. In addition,
there will be several utilities connected with the plant, which require monitoring and
control. It is desirable that these are controlled from a single integrated system. It is also
necessary that such systems should be scalable to accommodate future expansion.

Many companies like Siemens, Rockwell, and Honeywell etc. provide such integrated
automation systems. The Rockwell Automation system is mentioned here as the example
of integrated architecture. This uses a combination of enabling technologies like Logix
control platform, NetLinx open network architecture, View Visualization Platform and
FactoryTalk data and information services. Brief descriptions of each of the above are
given below, courtesy Rockwell Automation.

The Logix control platform enables the user to choose the most effective controller
for a given application. These are programmed through a single software package.
Programming can be done using any of the following:

• Ladder Diagram
• Function Block
• Sequential Function Chart
• Structured Text Language

The use of the Logix controller results in significant reduction in design, hardware
and programming costs.

Netlinx open networks provide a network infrastructure information flow. These
share a common protocol which enables seamless flow of information from the device
on the plant floor to the enterprise system without additional programming. Reduced
programming, increase in flexibility, reduction in installation cost and increased
productivity are the benefits of this approach.

View Visualization platform is a unified suite of operator interface and supervisory
level monitoring solutions, that share the same development software. The advantages of
this system are faster development and implementation, flexibility and lower cost of
ownership.

FactoryTalk is a suite of services embedded in integrated architecture components
that simplifies data production, movement and use. FactoryTalk services give the user a
tag only once and reuse it throughout the entire control system.

The advantages of such systems are:

• Improvement in response time and decision making
• Reduced maintenance cost and downtime
• Scalability to ensure future growth
• Increased operator response time
• Reduced implementation time
• Reduced costs
• Availability of information across the enterprise
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INTRODUCTION

After the Second World War, there was a big spurt in the design and development of
aerospace products like satellites, launch vehicles, civil and military aircraft etc. The
hydraulic copying and electrical program controlled machines used at that time could not
meet the manufacturing challenges posed by the complex aerospace designs. The
manufacturing engineers were therefore looking for a better way of automating the
machining operations. Numerical control (NC) was developed in early 50’s to meet the
critical requirements of aerospace Industry. Many components used in aircraft and space
vehicles are machined from solid raw materials, often involving removal of considerable
stock and requiring several hundred positioning movements of the machine tool slides.
Manual operation under these circumstances is not only tedious but also less efficient
and unproductive. Often the part after several hours of machining is liable to be rejected
due to machining errors.

Digital technology developed for communication purposes became very handy for
designers of control of machine tools. Since the information required to actuate and control
slides was coded numerically, this technology came to be known as numerical control.

NUMERICAL CONTROL
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Early numerically controlled machines were fully hardwired machines as the entire
control logic was implemented in hardware. This posed several difficulties in the
operation of NC machines apart from serious limitations on reliability of operation. The
designers of NC machines achieved a major breakthrough during mid-six tees when
they could integrate a NC machine tool with a mini-computer. The technology was then
renamed as computer numerical control. The integration of computers with NC machine
tools resulted in the following advantages:

• Increase in the memory for part program processing

• Increase in capacity for storing large part programs

• Easy editing of part programs on the control console

• Realization of control logic through software

• Significant improvement in the reliability of operation of the machines
• Integration of N.C. machines in the manufacturing system as a whole.

Further developments in large scale integration resulted in the development of
microprocessors around which computers could be designed. This naturally led to the
development of CNC systems based on microprocessors. Today all CNC machines are
microprocessor based and both NC and CNC mean computer numerical control.

PRINCIPLE OF OPERATION OF A NUMERICAL CONTROLLED MACHINE

The CNC machine differs from a conventional manual machine in several respects.
The principle of operation of a numerical controlled machine can be explained with
the help of Fig. 12.1. The figure shows a vertical milling machine. For carrying out
an operation like end milling the spindle head is to be positioned in Z- axis and the
table in X and Y coordinate axes. The feed movement is to be realized by the individual
or simultaneous movement of X and Y axes. Thus the milling machine requires three
slide movements, which are usually referred as axes feed drives. A special feature of a
CNC machine is that a separate motor called a servomotor individually drives each
axis. AC servomotors are the preferred choice for this purpose today. DC servomotors
were widely used earlier. The slides are driven by the servomotors through re-
circulating ball screw and nut assemblies. The use of re-circulating ball screw reduces
friction, backlash and wear. The low friction reduces the torque required at the motor
and the lost motion through torsional deflection of the screw. The use of ball screws
also improves the dynamic response of the system. In some modern designs, particularly
in the case of high-speed machines, linear motors are used in the place of servomotor
ball screw combination.
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Fig. 12.1 Sketch of a Numerically Controlled Machine Tool

In order to carry out the milling operation on the workpiece the coordinate information
(X, and Y coordinates) of the starting point and the ending point has to be coded in the NC
program. Similarly, the information regarding the direction of rotation and speed of the
spindle, use of coolant, and the feed rate is also coded suitably. The CNC controller decodes
the positioning information coded in the NC program and the slide is moved to the
programmed position at the required feed rate. Each slide is fitted with a feedback
transducer, which continuously monitors the slide position and compares with the
programmed position as well as the feedrate. The feedback transducer is mounted either
on the slide or on the servomotor and measures the displacement or position of the slide.

For example, let us assume that a hole is to be drilled at the location X = 100.0 and Y =
150.0. The corresponding block of the program is read by the control system and the
necessary inputs are sent to the X and Y-axis servomotors. These motors drive the respective
slides to the commanded position. When the distance information from the feedback devices
equals the programmed values, the slide movement stops. The input is then given to the
Z-axis servomotor to perform the drilling operation. The system switches on the motor
driving the spindle carrying the drill and commands the Z-axis servomotor to move at the
programmed feedrate into the workpiece till the programmed depth is reached. The Z-
axis feedback transducer ensures the correct depth and feedrate. The drill is then withdrawn
to the desired height and the machine starts the positioning movements to the next location
of the drill. This procedure thus ensures production of accurate workpieces.
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The feedback transducer used may be analog (synchro resolver) or digital (encoders).
Another classification of feedback transducer is based on their nature of measurement-
absolute or incremental. They are also classified as linear or rotary depending upon their
construction. Linear feedback devices include optical scales, inductosyn etc. Rotary feedback
devices are mounted either on the ball screw or on the motor shaft and measure the slide
position indirectly. Rotary encoders, optical scales, and synchro resolvers are the commonly
used rotary feed back devices.

The measured and the targeted positions are compared and the servo system
ensures that the correct positioning is achieved to make this error (difference between
targeted and measured positions) zero. The resolution of axis feed drive is usually
one micrometre. Since positioning is done electronically, it is possible to achieve
accuracy and repeatability of the order of 5-10 micrometres even under heavy-duty
cutting conditions. Two servo loops are incorporated in feed drive - one for the position
and the other for the feed. In addition to this, the selection of spindle speed is also
under servo control. The principle of operation of the servo system used in a CNC
Machine tool is described below.

12.2.1 PRINCIPLES OF OPERATION OF A CNC SERVO SYSTEM

A CNC servo system works on the digital principle. In a digital system, the control
signal is in the form of electrical pulses. Figure 12.2 shows a typical pulse train. A
pulse train will have a low voltage level (say 1.2 V) and higher voltage level (say 5 V).
Low voltage level is referred to as ‘OOOOO’ state and high voltage level ‘11111’ state. Higher
voltage may be negative also. Different higher voltage levels may also be used for
control purposes.

1 . 2 V

5 V

Fig. 12.2 A Typical Pulse Train

     Consider the turning operation shown in Fig. 12.3. The tool has to move through a
distance of 100 mm to carry out the turning operation. This distance is converted into
pulses- one pulse for each micrometre (1/1000 of a mm). For 100 mm distance, a command
signal of 10 0000 pulses is generated by the control system.
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Fig. 12.3 Turning Operation

The resolution of the system can be improved by a factor called Command Multiply
Ratio (CMR). If the feed is 0.2 mm/rev, and the spindle rpm 1000, the slide velocity will be
1000 x 0.2 = 200 mm/min. If the pitch of the ball screw is 10 mm, the rotational speed of the
Z servomotor should be 200/10 = 20 rpm. The command signal (+ V) from the velocity
control unit will have a magnitude proportional to the speed required. Plus or minus signal
denotes the rotation in clockwise or anticlockwise direction which is necessary for positive
and negative movements of the table in any axis.

The feed back unit is a significant element of a CNC control system. The feedback
involves measurement of position as well as feed velocity (feed rate). In a majority of
cases, the encoder, which is used as the feed back device, generates 2000, 2500 or 3000
pulse per revolution. The detect multiple ratio (DMR) matches the resolution of the feedback
transducer (thereby the pulses produced by the transducer) and the pulses necessary to
move the slide to the required position. The feedback encoder is usually mounted on the
rear side of the axis servomotor itself to simplify the electrical connections. From Fig.
12.4 it can be seen that there are two servo loops in the axis drive - the outer loop for
position and the inner loop for feed rate. The feedback signal for the feed rate is the pulse
rate or pulse frequency. The frequency/voltage converter converts the pulse frequency
into an analog voltage and this is compared with the input signal to the motor.

VELOCITY
CONTROL

UNIT

SERVO
MOTOR

ENCODERDMR

TABLE

BALL SCREW

NUT

FLEXIBLE
COUPLING

  

CMR

CMR: Command multiply ratio DMR: Detect multiply ratio

Fig. 12.4 Block Diagram of Servo Control
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The encoder generates pulses corresponding to the rotation of the motor (which is
proportional to the table movement). The detect multiply ratio (DMR) is used to equalize
the command pulse and the pulse generated by the encoder. The pulses corresponding to
the table position are compared to (or subtracted from) the command pulse. When the
feed back pulses become equal to the command pulse, the table reaches the stipulated
position in the program.

The encoder generates the feedback pulses. Pulses are generated by allowing light to
pass through a two glass discs, one mounted on the motor shaft and rotating along with it
and a small auxiliary disc mounted in the encoder housing. A source of light is located on
one side of the disc. Interference fringes are created when the motor shaft rotates. In the
simplest case, two light receiving stations (usually solar cells) are located on the other side
(A and B) on which the light falls. The interference causes variation in the intensity of light
falling on the solar cells. This results in a cyclic change of resistance, which could be utilized
to create a pulse train using suitable electronic circuitry. The two solar cells are so placed
that the distance between them is equal to (n+1/4λ) where λ is the pitch distance of the
gratings. This is shown in Fig. 12.5.

The two solar cells then generate two pulse trains with a phase difference of 1/4
wavelength. Depending on the direction of rotation, the pulses from B will precede

Fig. 12.5 Feedback Using Encoder
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or follow the signal from A. This property is used to sense the direction of movement
of the slide. This is illustrated in Fig. 12.6. When the disc rotates in the clockwise
direction the signal from A precedes the signal from B. When the rotation is in the
anticlockwise direction, the signal from B precedes that of the signal from the solar
cell A.

1/4

  

   

Signal From A

Signal from B

Signal From A

Signal from B
1/4

Pulse Train During
Clockwise Rotation

Pulse Train During
Anticlockwise Rotation

Fig. 12.6 Detection of Direction

An overview of a 3-axis CNC system is shown in Fig. 12.7. It can be seen that
there are three major subsections in the CNC system. The first section consists of AC
Power unit, programmable machine control PCB, the magnetics cabinet, operator’s
panel and manual pulse generator (MPG). The axis control and drive control PCBs
have interfaces with this section and controls the positioning as well as velocity control
of the 3 axes. The spindle speed control is also shown. The actuator section consists
of servomotors and feed back units (Encoders or linear scales). The spindle is fitted
with a spindle encoder. This will be useful in during thread cutting to enable the tool
to enter in the groove created in the previous pass in the same angular position. This
will also be useful for cutting multi-start threads as well as to monitor spindle speed.
There will also be an interface for manual pulse generator (MPG), which is used to
move the slides in the manual mode.
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Fig. 12.7 An Overview of a 3-axis CNC System

In some systems, only one encoder is used and it serves as both position and velocity
feed back unit. The encoder is mounted at the back of the servomotor (semi-closed loop
system). This is illustrated in Fig. 12.8. In other systems (closed loop system illustrated in
Fig. 12.9), separate feed back units for position and velocity are used. In this case, the
position feed back is derived from the table position and velocity feed back is obtained
from the servomotor speed. If the position feed back is obtained this way, errors due to
backlash, pitch error, ball screw compliance etc. can be eliminated.
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Fig. 12.8 Semi Closed Loop System
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Fig. 12.9 Closed Loop System

CNC machine tools employ AC motors (DC motors in older versions of CNC machines),
which offer infinite variation of spindle speeds over a wide range of speeds. Digital technology
is used in the modem AC drives. AC motors are capable of delivering high power at low
base speeds. The main advantages of AC motors are their ruggedness and low cost.

12.2.2 CODING OF INFORMATION IN NC MACHINES
NC as described earlier is control by numbers. NC is control by information contained in a
part program, which is a set of coded instructions given as numbers for the automatic
control of a machine in a pre-determined sequence.

Figure 12.10 shows the machining a taper on a cylindrical component. To carry out this
operation on a CNC lathe, we write a program block as follows:

N005N005N005N005N005 G01G01G01G01G01 U20U20U20U20U20 WWWWW-50-50-50-50-50 S1200 S1200 S1200 S1200 S1200 F0.2F0.2F0.2F0.2F0.2 M08;M08;M08;M08;M08;

1200 rpm

50

20

Fig. 12.10 Machining a Taper
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The program block codes the information necessary to operate the lathe, and is given
below:

N005 Block number

G01 Linear interpolation

U20 X increment in slide movement

W-50 Z increment in slide movement

S1200 Spindle speed, 1200, rpm

F0.2 Feed, 0.2 mm/rev

M08 Coolant on

; End of block

Each of the above consists of an alphabet or a word address (NNNNN, GGGGG, UUUUU, WWWWW, SSSSS etc.) and
a numeric value (005, 01, 20, -50, 1200), which represents a function or a slide
displacement position or machining data. These alphanumeric data is digitally coded
either in the ISO (International Standardization Organization) system or EIA (Electronics
Industries Association, USA) system. The symbol ’;;;;;’denotes end of the block.

12.2.3 CODING OF INFORMATION
Early NC systems coded only numeric data and they did not use any alphabetic
characters. Since all the information necessary to carry out the machining operation is
passed on to the control system through these coded numerical data, the control came to
be known as numerical control (NC).

The numeric data is usually represented in decimal format. For the purpose of the
convenience in processing in a digital computer, the data is to be converted (coded) into
binary form. A decimal number is represented in binary form as a power of 2.

To represent large number a binary coded decimal (BCD) system is employed. Consider
the 4-track coding system shown below. Rightmost track is 20 (least significant) and leftmost
track is 23 (most significant). For example the number 358 can be represented as:

23 22 21 20

0 0 1 1 3 (2+1)
0 1 0 1 5 (4+1)
1 0 0 0 8 (8)

There are two standards for coding, one proposed by ISO (International Standardization
Organization) and the other by EIA (Electronics Industries Association of USA). There are
several other codes popular with the designers of NC systems.
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12.3 HISTORICAL DEVELOPMENT

As mentioned in the beginning of this chapter, the need for a new technology to control
machine movement was felt during late 40’s to meet the challenges in the production of
aerospace components. The manufacture of many of these components involves several
thousands of machine movements.

A major contribution to this development was made by John Parsons who developed
a technique to machine accurate templates to manufacture helicopter blades. This involved
calculating 200 points on a curve and drilling them on a precision jig mill. He subsequently
developed in 1948 a 3-D method of machining using ball end mill on a SIP jig bore and a
De Vlieg jig mill. The successive settings of the tool were determined using the IBM
punched card reader. Parsons was later entrusted with the development of a (NC) milling
machine working on the same principle. The U S Air Force was the funding agency for
the NC development. Parsons found that card reader is too slow and approached
Massachusetts Institute of Technology (MIT) to develop a tape reader and power drive
for the proposed machine. The collaboration between Parsons and M I T ran into
difficulties later. U S Air force, then, awarded a contract to M I T. The Servomechanisms
Laboratory of M I T developed the first N C Machine in 1952. Giddings and Lewis, General
Electric and Bendix are the companies who took interest in developing NC technology,
in its early years.

The development of the machine hardware and the programming technique called
Automatic Positioning of Tools (APT) was undertaken almost simultaneously at MIT.
It must also be noted here that another project undertaken at that time at M I T (Whirl
Wind Project) led to development of Interactive Computer Graphics. This ultimately led
to the development of CAD technology through stages like 2-D drafting, 3-D modeling,
surface modeling, solid modeling etc. The project to develop drives resulted in the
development of DC variable speed drives. The first CNC system developed at MIT used
relays. Subsequent developments in electronics and VLSI design led to the development
of present generation CNC machines and computer aided manufacturing technology.
The efforts to integrate CAD and CAM and later all other activities connected with
manufacture resulted in the development of Computer Integrated Manufacturing. (CIM).
It can be said that the path breaking development of John Parsons is the beginning of the
CIM technology.

Presently, all the NC machines produced are computer numerical control machines,
as the NC system (or CNC system) is designed and built around one or more
microprocessors. CNC Machine tools now form a major part of output of machine tools
in advanced countries. Table 12.1 gives the status of CNC Machine tool production in
India in 2002.
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Table 12.1 Production of CNC Machines in India During 2002

Type of Machine Number

Lathes 732
EDM 339
Vertical Machining Centre 251
Horizontal Machining Centre 37
Other Types of machining Centres 6
Boring 12
Milling 41
Grinding 49
Gear Cutting 25
SPM 27
Bending, Folding etc. 82
Punch, Shear etc. 20
Others 34

(Courtesy: Indian Machine Tool Manufacturers Association)

12.3.1 GENERATIONS OF CNC MACHINES
Development of CNC machines closely followed the developments in computer
technology. Therefore the generations of CNC technology bear a close resemblance to
generations of digital computers.

 First Generation:First Generation:First Generation:First Generation:First Generation:     The control system of the first generation numerically controls
machines was built with vacuum tubes and associated devices. The system was bulky,
consumed lot of power and reliability was poor.

Second Generation:Second Generation:Second Generation:Second Generation:Second Generation: Second Generation machines were built with transistors. The size
of the control elements was reduced. However, all the functions had to be realized through
electronic circuits. The number of printed circuits boards was large. Since there were
thousands of components and connections involved, the reliability was again poor.

Third Generation:Third Generation:Third Generation:Third Generation:Third Generation:     Third generation NC machines were built with integrated circuits.
The IC’s with medium scale integration improved the reliability of the system. Drive
technology also made considerable progress. Thyristor controlled DC drive become popular
during this period. Reliable and compact DC controllers were developed both for main
drives and for the control of servomotors for axes feed drive.

The various logic functions in the early NC systems (during 50’s and 60’s) were realized
through fixed circuitry and hence were called hard-wired systems. The integration of
minicomputers with NC machines that led to the development of CNC machine tools was
one of the two major significant developments during mid 60’s. Initially minicomputers
were interfaced with NC machine tools. This development helped to introduce the much-
needed flexibility. From the totally hardwired design, the design of the NC machine tools
became soft-wired. Instead of reading and executing programs block by block it was now
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possible to store the program in the computer memory and execute the program. Several
limitations of the NC systems could also be overcome by CNC systems. Program editing
became much easier and several NC functions could be implemented in software. The
other development was the evolution the concept of Direct Numerical Control (DNC)
technique by which several NC machine tools could be controlled from a single computer.
This technology enabled the NC user to by-pass the tape reader and control a number of
NC machine tools from a single computer. DNC system manufacturers also introduced
the concept of NC data transfer from a computer or remote station using telecommunication
wires. A detailed description of DNC systems is provided later in this chapter.

Fourth Generation: Fourth Generation: Fourth Generation: Fourth Generation: Fourth Generation: Towards the end of 70’s the computer design underwent changes
and microprocessor came to be used as the CPU of computers. This change also influenced
the design of NC machines. The designers started developing NC systems around
microprocessors. This simplified the logic and control and design and instead of several
PCB’s in the case of NC machines, the entire control could be implemented with just one
PCB for CNC machines. Initially 8 and 16 bit microprocessors were used. Later control
systems with several processors (Multi-processing Systems) were introduced. The reliability
of the system was considerably improved. The developments in CNC systems still continue.
Today many CNC systems are based on 32 bit as well as 64 bit microprocessors. Several
personal computer based CNC systems are also available in the market. Features available
in modern CNC systems are discussed later in this chapter.

12.4 TYPES OF CNC MACHINES

Computer numerical control is applied to a variety of machines. Most of these find ready
application in aircraft, automobile and general engineering industry. Some of them are
listed below:

i. Machining Centre
• Horizontal
• Vertical
• Universal

ii. CNC Lathes
iii. CNC Turning Centres
iv. Turn-mill Centres
v. CNC Milling/Drilling Machines, Plane Milling Machines

vi. Gear Hobbing Machines
vii. Gear Shaping Machines

viii. Wire Cut EDM/EDM
ix. Tube Bending
x. Electron Beam Welding
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xi. Laser/Arc/Plasma Cutting
xii. Co-ordinate Measuring Machines

xiii. Grinding Machines
• Surface Grinder
• Cylindrical Grinder
• Centreless Grinder

xiv. Tool and Cutter Grinder
xv. CNC Boring and Jig Boring Machines

xvi. PCB Drilling Machines
xvii. Press Brakes

xviii. CNC Guillotines
xix. CNC Transfer Lines, SPM’s
xx. Electrochemical Milling Machines

xxi. Abrasive Water Jet Cutting Machines
xxii. Flow Forming Machines

xxiii. Roll Forming Machines
xxiv. Turret Punch Press

Brief descriptions of some of these machines are given below:

12.4.1 MACHINING CENTRES
Manufacture of prismatic components like gear boxes, bulkheads, frames, brackets, casings,
covers etc require milling, boring, drilling, tapping and many other related machining
operations to be performed. Before the introduction of machining centres, these machining
operations had to be carried out on different machines resulting in considerable lead time for
production. Machining centres are very important types of CNC machine tools and are
multifunction machines equipped with automatic tool changers and are capable of carrying
out milling, drilling, reaming, tapping, boring, counter boring and allied operations without
operator intervention for change of tools. Tool changing is carried out using an automatic
tool changer and is accomplished in 0.5 to 6 seconds depending upon the machine.

An indexable tool magazine, which can store several tools, characterizes a machining
centre. The tool magazine may carry 16 to 100 tools depending upon its capacity. An
automatic tool changer (ATC) is provided to pick up the programmed tool from the tool
magazine and mount it on the spindle. The removed tool is put back into the magazine
and the ATC picks up the next tool. The ATC is thus ready with the tool for the next
operation and awaits the current operation to be over to replace the tool.

Machining centres are often provided with two or more work tables called pallets. In
a 2-pallet machine while the job on one pallet is being machined, the operator can set up
the next job on the free pallet. The automatic pallet changer (APC) then moves away the
pallet with the finished job from the working zone and moves the other pallet with the
new workpiece to the working zone. The machining operation on the new workpiece
begins with a lapse of only a few minutes.
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INTRODUCTION 
 

The field of robotics has its origins in science fiction. The term robot was derived from the 

English translation of a fantasy play written in Czechoslovakia around 1920. It took another 

40 years before the modern technology of industrial robotics began. Today Robots are highly 

automated mechanical manipulators controlled by computers. We survey some of the science 

fiction stories about robots, and we trace the historical development of robotics technology. 

Let us begin our chapter by defining the term robotics and establishing its place in relation to 

other types of industrial automation. 
 
Robotics: - 
 
Robotics is an applied engineering science that has been referred to as a combination of 

machine tool technology and computer science. It includes machine design, production 

theory, micro electronics, computer programming & artificial intelligence. 
 

OR 
 
"Robotics" is defined as the science of designing and building Robots which are suitable for 

real life application in automated manufacturing and other non-manufacturing environments. 
 
Industrial robot: - 
 
The official definition of an industrial robot is provided by the robotics industries 

association (RIA). Industrial robot is defined as an automatic, freely programmed, servo-

controlled, multi-purpose manipulator to handle various operations of an industry with 

variable programmed motions. 
 
Automation and robotics:- 
 
Automation and robotics are two closely related technologies. In an industrial context, we 

can dean automation as a technology that is concerned with the use of mechanical, 

electronic, and computer-based systems in the operation and control of production Examples 

of this technology include transfer lines. Mechanized assembly machines, feedback control 

systems (applied to industrial processes), numerically controlled machine tools, and robots. 

Accordingly, robotics is a form of industrial automation. 
 
Ex:- Robotics, CAD/CAM, FMS, CIMS 
 
Types of Automation:- 
 
Automation is categorized into three types. They are, 
 
1)Fixed Automation 
 
2) Programmable Automation 
 
3) Flexible Automation. 
 
 
 
 
 
 
 

ROBOT TECHNOLOGY
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(1) Fixed Automation:- 
 
It is the automation in which the sequence of processing or assembly operations to be carried 

out is fixed by the equipment configuration. In fixed automation, the sequence of operations 

(which are simple) are integrated in a piece of equipment. Therefore, it is difficult to 

automate changes in the design of the product. It is used where high volume of production is 

required Production rate of fixed automation is high. In this automation, no new products are 

processed for a given sequence of assembly operations. 
 
Features:- 
 
i) High volume of production rates, 
 
ii) Relatively inflexible in product variety (no new products are 

produced). Ex:- Automobile industries … etc. 
 
(2) Programmable Automation:- 
 
It is the automation in which the equipment is designed to accommodate various product 

configurations in order to change the sequence of operations or assembly operations by 

means of control program. Different types of programs can be loaded into the equipment to 

produce products with new configurations (i.e., new products). It is employed for batch 

production of low and medium volumes. For each new batch of different configured 

product, a new control program corresponding to the new product is loaded into the 

equipment. This automation is relatively economic for small batches of the product. 
 
Features:- 

i) High investment in general purpose, 

ii) Lower production rates than fixed automation, 

iii) Flexibility & Changes in products configuration, 

iv) More suitable for batch production. 

Ex:- Industrial robot, NC machines tools… etc. 

 

 

(3) Flexible Automation:- 
 
A computer integrated manufacturing system which is an extension of programmable 

automation is referred as flexible automation. It is developed to minimize the time loss 

between the changeover of the batch production from one product to another while 

reloading. The program to produce new products and changing the physical setup i.e., it 
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produces different products with no loss of time. This automation is more flexible in 

interconnecting work stations with material handling and storage system. 
 
Features:- 
 

i) High investment for a custom engineering system. 
 
ii) Medium Production rates 
 
iii) Flexibility to deal with product design variation, 
 
iv) Continuous production of variable mixtures 

of products. Ex:- Flexible manufacturing 

systems (FMS) 
 
Advantages:- 
 
1.High Production rates 
 
2. Lead time decreases 
 
3. Storing capacity decreases 
 
4. Human errors are eliminated. 
 
5. Labour cost is decreases. 
 
Disadvantages:- 
 
1.Initial cost of raw material is very high, 
 
2. Maintenance cost is high, 
 
3. Required high skilled Labour. 
 
4. Indirect cost for research development & programming increases. 
 
Reasons for implementation of automated systems in manufacture industries:- 
 
The reasons for the implementation of automated systems in manufacturing industries are as 

follows, 
 

(i) To Increase the Productivity Rate of Labour  
(ii) To Decrease the Cost of Labour  
(iii) To Minimize the Effect of Shortage of Labour  
(iv) To Obtain High Quality of Products  
(v) A Non-automation nigh Cost is Avoided  
(vi) To Decrease the Manufacturing Lead Time  
(vii) To upgrade the Safety of Workers. 

 

Need for using robotics in industries:- 
 
Industrial robot plays a significant role in automated manufacturing to perform 
different kinds of applications. 
 

1.  Robots can be built a performance capability superior to those of human beings. In terms 

of strength, size, speed, accuracy…etc. 
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2. Robots are better than humans to perform simple and repetitive tasks with 

better quality and consistence’s. 
 
3. Robots do not have the limitations and negative attributes of human works .such as 

fatigue, need for rest, and diversion of attention…..etc. 
 
4. Robots are used in industries to save the time compared to human beings. 
 
5. Robots are in value poor working conditions 
 
6. Improved working conditions and reduced risks. 
 

 
 
CAD/CAM & Robotics:- 
 
CAD/CAM is a term which means computer aided design and computer aided 

manufacturing. It is the technology concerned with the use of digital computers to perform 

certain functions in design & production. 
 
CAD:- CAD can be defined as the use of computer systems to assist in the creation 

modification, analysis OR optimization of design. 
 
Cam:- CAM can be defined as the use of computer system to plan, manage & control the 

operation of a manufacturing plant, through either direct or in direct computer interface 

with the plant’s production resources. 
 
Specifications of robotics:- 
 
1.Axil of motion 
 
2. Work stations 
 
3. Speed 
 
4. Acceleration 
 
5. Pay load capacity 
 
6. Accuracy 
 
7. Repeatability etc… 

 

Overview of Robotics:- 
 
"Robotics" is defined as the science of designing and building Robots which are suitable for 

real life application in automated manufacturing and other non-manufacturing environments. 

It has the following objectives, 
 
1.To increase productivity 
 
2. Reduce production life 
 
3. Minimize labour requirement 
 
4. Enhanced quality of the products 
 
5. Minimize loss of man hours, on account of accidents. 
 
6. Make reliable and high speed production. 
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The robots are classified as, 

Programmable/Reprogrammable purpose 

robots  

*Tele-operated, Man controlled robots 

*Intelligent robots. 

Robots are used in manufacturing and assembly units 

such as,  

1. Spot or arc welding 

 

2. Parts assembly 

 

3. Paint spraying 

 

4. Material, handling 

 

5. Loading and unloading 

 

The feature and capabilities of the robots are as follows, 

 

1. Intelligence 

 

2. Sensor capabilities 

 

3. Telepresence 

 

4. Mechanical design 

 

5. Mobility and navigation 

 

6. Universal gripper 
 
7. System integration and networking. 

 

Types of drive systems:- 
 
1.Hydraulic drive 
 
2. Electric drive 
 
3. Pneumatic drive  
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1. Hydraulic drive:- 
 
Hydraulic drive and electric drive arc the two main types of drives used on more 

sophisticated robots. 
 
Hydraulic drive is generally associated with larger robots, such as the Unimate 2000 

series. The usual advantages of the hydraulic drive system are that it provides the robot 

with greater speed and strength. The disadvantages of the hydraulic drive system are that 

it typically adds to the floor space required by the robot, and that a hydraulic system is 

inclined to leak on which is a nuisance. 
 
This type of system can also be called as non-air powered cylinders. In this system, oil is 

used as a working fluid instead of compressed air. Hydraulic system need pump to 

generate the required pressure and flow rate. These systems are quite complex, costly and 

require maintenance. 
 
 
 
2. Electric drive:- 
 
Electric drive systems do not generally provide as much speed or power as hydraulic 

systems. However, the accuracy and repeatability of electric drive robots are usually better. 

Consequently, electric robots tend to be smaller. Require less floor space, and their 

applications tend toward more precise work such as assembly. 
 
In this System, power is developed by an electric current. It required little 

maintenance and the operation is noise less. 

 

3. Pneumatic drive:- 
 
Pneumatic drive is generally reserved for smaller robots that possess fewer degrees of 

freedom (two- to four-joint motions). 
 
In this system, air is used as a working fluid, hence it is also called air-powered cylinders. 

Air is compressed in the cylinder with the aid of pump the compressed air is used to 

generate the power with required amount of pressure and flow rates. 
 
 
 
Applications of robots:- 
 
Present Applications of Robots:- 
 
(i) Material transfer applications 
 
(ii) Machine loading and unloading 
 
(iii) Processing operations like, 
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(a) Spot welding 
 

(b) Continuous arc welding 
 

(c) Spray coating 
 

(d) Drilling, routing, machining operations 
 

(e) Grinding, polishing debarring wire brushing 
 

(g) Laser drilling and cutting etc. 
 
(iv) Assembly tasks, assembly cell designs, parts mating. 

(v) Inspection, automation. 

 

 Future Applications of Robots:- 
 
The profile of the future robot based on the research activities will include the following, 
 
(i) Intelligence 
 
(ii) Sensor capabilities 
 
(iii) Telepresence 
 
(iv) Mechanical design 
 
(v) Mobility and navigation (walking machines) 
 
(vi) Universal gripper 
 
(vii) Systems and integration and networking 
 
(viii) FMS (Flexible Manufacturing Systems) 
 
(Ix) Hazardous and inaccessible non-manufacturing environments 

 

(x) Underground coal mining 
 
(xi) Fire fighting operations 
 
(xii) Robots in space 
 
(xiii) Security guards 
 
(xiv) Garbage collection and waste disposal operations 
 
(xv) Household robots 
 
(xvi) Medical care and hospital duties etc. 
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Classification of Robots (or) Classification by co-ordinate system and control system:- 
 
Co-ordinate systems:- 
 
Industrial robots are available in a wide variety of sizes, shapes, and physical configurations. 

The vast majority of today’s commercially available robots possess one of the basic 

configurations: 
 
I. Polar configuration 
 
2. Cylindrical configuration 
 
3. Cartesian coordinate configurable 
 
4. Jointed-arm configuration 
 
 

 

 

 

1. Polar configuration:-  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The polar configuration is pictured in part (a) of Fig. It uses a telescoping arm that can be 

raised or lowered about a horizontal pivot The pivot is mounted on a mta6ng base These 

various joints provide the robot with the capability to move its arm within a spherical space, 

and hence the name “spherical coordinate” robot is sometimes applied to this type. A 

number of commercial robots possess the polar configuration. 
 
2. Cylindrical configuration:-  
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The cylindrical configurable, as shown in fig, uses a vertical column and a slide that can be 

moved up or down along the column. The robot arm is attached to the slide so that it cm he 

moved radially with respect to the column. By routing the column, the robot is capable of 

achieving a work space that approximation a cylinder. 
 
 
 
 
 
3. Cartesian coordinate configurable:-  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The cartesian coordinate robot, illustrated in part Cc) of Fig, uses three perpendicular slides 

to construct the x, y, and z axes. Other names are sometimes applied W this configuration, 

including xyz robot and rectilinear robot, By moving the three slides relative to one another, 

the robot is capable of operating within a rectangular work envelope. 
 
4. Jointed-arm configuration:-  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The jointed-arm robot is pictured in Fig. Its configuration is similar to that of the human 

arm. It consists of two straight components. Corresponding to the human forearm and upper 

arm, mounted on a vertical pedestal. These components are connected by two rotary joints 

corresponding to the shoulder and elbow. 
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Control systems:- 
 

With respect to robotics, the motion control system used to control the movement of the 

end-effector or tool. 
 
1.Limited sequence robots (Non-servo) 
 
2. Playback robots with point to point (servo) 
 
3. Play back robots with continuous path control, 
 
4. Intelligent robots. 
 
Limited sequence robots (Non-servo):- 
 
 Limited sequence robots do not give servo controlled to inclined relative positions of the 

joints; instead they are controlled by setting limit switches & are mechanical stops. There is 

generally no feedback associated with a limited sequence robot to indicate that the desired 

position, has been achieved generally thin type of robots involves simple motion as pick & 

place operations. 
 
Point to point motion:- 
 

These type robots are capable of controlling velocity acceleration & path of 

motion, from the beginning to the end of the path. It uses complex control programs, 

PLC’s (programmable logic controller’s) computers to control the motion. 
 
The point to point control motion robots are capable of performing motion cycle that 

consists of a series of desired point location. The robot is tough & recorded, unit. 
 

Continuous path motion:- 
 

In this robots are capable of performing motion cycle in which the path 

followed by the robot in controlled. The robot move through a series of closely space 
point which describe the desired path. 
 
Ex:- Spray painting, arc welding & complicate assembly operations. 
 
Intelligent robots:- 
 

This type of robots not only programmable motion cycle but also interact with its 

environment in a way that years intelligent. It taken make logical decisions based on sensor 

data receive from the operation. 
 

There robots are usually programmed using an English like symbolic language 

not like a computer programming language. 
 
Precision of movement (or) parameters of robot:- 
 

The preceding discussion of response speed and stability is concerned with the dynamic 

performance of the robot. Another measure of performance is precision of the robot's 

movement. We will define precision as a function of three features: 
 
 
1.Spatial resolution 
 
2. Accuracy 
 
3. Repeatability 
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These terms will be defined with the following assumptions. 
 
1) The definitions will apply at the robot’s wrist end with no hand attached to the wrist. 

2) The terms apply to the worst case conditions, the conditions under which the robot's                 

precision will be at its wont. This generally means that the robot’s arm is fully extended in  

the case of a jointed arm or polar configurable. 

3) Third, our definitions will he developed in the context of a point-to-point robot. 
 
1. Spatial resolution:- 
 

The spatial resolution of a robot is the smallest increment of movement into which 

the robot can divide its work volume. Spatial resolution depends on two factors: the 

system's control resolution and the robot's mechanical inaccuracies. It is easiest to 

conceptualize these factors in terms of a robot with 1 degree of freedom. 

 

2. Accuracy:- 
  

Accuracy refers to a robot's ability to position its wrist end at a desired target point 

within the work volume. The accuracy of a robot can be denned in terms of spatial resolution 

because the ability to achieve a given target point depends on how closely the robot can 

define the control increments for each of its joint motions. 
 
3. Repeatability:- 
 

Repeatability is concerned with the robot's ability to position its wrist or an end 

effector attached to its wrist at a point in space is known as repeatability. Repeatability and 

accuracy refer to two different aspects of the robot’s precision. Accuracy relates to the robot's 

capacity to be programmed to achieve a given target point. The actual programmed point will 

probably be different from the target point due to limitations of control resolution 

Repeatability refers to the robot’s ability to return to the programmed point when 

commanded to do so. 
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19.1 INTRODUCTION

Intense competition in the global market for mechanical parts manufactured on machine
tools and other metal working equipment has compelled manufacturers to reduce delivery
times and quote competitive prices even for relatively small orders. In many situations,
manufacturers have to deliver customized products to the consumers. The batch size is
ever-decreasing, and the need to meet specific customer needs calls for considerable
flexibility in the working of the manufacturing system.

In this situation, the requirements that a modern manufacturing facility has to meet
can be detailed as follows:

• High productivity for all batch sizes, large or small
• Shorter throughput times
• Lower storage costs
• Reduced labour if not altogether avoiding labour
• Reduced handling
• Flexible production system to incorporate product changes at short notice to meet

customer’s specific requirements
• Sensing and taking care of such eventualities like tool breakage.

Conventional high volume production facilities such as automatic equipment and
transfer lines do not fulfill these requirements. This provided sufficient reason for

FLEXIBLE MANUFACTURING
                      SYSTEM
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manufacturing engineers to turn attention to alternative approaches to manufacturing.
Flexible manufacturing cells and flexible manufacturing systems have been evolved to
meet the requirements listed above.

The functions of many manufacturing equipment have already been automated
through the use of CNC and PLC. The next stage is to automate the wider manufacturing
environment comprising the following activities:

• Management of resources
• Storage, preparation and transport of raw workpieces and finished components
• Acquisition, processing and evaluation of production data
• Inspection of workpieces and continuously monitoring the performance of

production equipment
• Testing of products
• Developing software to control all the above operations.

In such a process of integrated automation it is necessary to combine a number of
machines, both mechanically and in terms of data processing into a closely linked
manufacturing unit. In this way, highly automated manufacturing units (cells) are created
which are capable of handling a number of different workpieces without interruptions
due to operations like setting up workpieces, tool change, inspection etc.

Monitoring and process correction facilities through appropriate sensors are also part
of the system so that operator intervention is kept to a bare minimum.

Manufacturing cells normally contain 1 to 4 production machines. In addition to various
“service machines” such as measuring machines and washing machines) and transport
systems like automated guided vehicles, rail guided vehicles and conveyors for the
workpieces and for the tools.

The cell computer simultaneously controls the manufacturing operations within the
manufacturing cell.

19.2 SUBSYSTEMS OF FMS

There are three major subsystems in FMS:

(i) Computer-controlled manufacturing equipment (e.g. numerically controlled
machine tools, robots, gantry loaders, palletizing systems, washing stations, tool
pre-setters, in-process inspection systems etc.)

(ii) Automated materials storage, retrieval, transport and transfer system
(iii) Manufacturing control system (including both machine tool, tool and logistics

control)
Some FMS’s have additional subsystems. For example, in a machining application there

may also be systems for presetting tools, storing and retrieving tools, disposing of chips
and cutting fluids, washing and inspection workpieces. These subsystems must be linked
together to achieve integrated manufacturing operation.
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19.3 SCOPE OF FMS

Although this was initially developed for machining applications, the concept of FMS
has subsequently been used in a variety of other manufacturing applications, such as:

• Assembly of equipments
• Semiconductor component manufacturing
• Plastic injection moulding
••••• Sheet metal fabrication
• Welding
• Textile machinery manufacture

Such systems have proved to be practical and economical for applications with the
following characteristics:

• Families of parts with similar geometric features that require similar types of
equipment and processes

• A moderate number of tools and process steps
• Low to medium quantities of parts
• Moderate precision requirements

19.4 FMS COMPARED TO OTHER TYPES OF MANUFACTURING APPROACHES

One-off and low volumes of production are normally carried out by conventional general
purpose machine tools. When the number of parts in a production run is more it is called
batch production. A batch production shop is best suited for small quantities of many
different types of parts. The very nature of production makes the operation of a job shop
less efficient than an automated production line.

Since the job shop must be provided the greatest degree of flexibility, most of its
operations are manual. They are normally equipped with general purpose CNC machine
tools. Hard automation with dedicated equipment is best suited for the production of very
large quantities of identical parts. Production of automobile components in a transfer line
falls under this category. A large portion of the manufacturing industry involves the
intermediate level of batch operations that lend themselves to the FMS approach. In this
case volume is less but varieties are more.

FMS thus basically attempts to efficiently automate batch manufacturing operations.
They are an alternative that fits in between the manual job shop and hard automation.
FMS is best suited for applications that involve an intermediate level of flexibility and low
or medium quantities. Fig. 19.1 shows the different types of production systems and it
can be seen from the figure that FMS fits into the intermediate range of production.
General purpose machines can accommodate a large variety of parts. They are manually
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operated and therefore production volumes are low. CNC machines can accommodate
variety but the production volume is less as the machines are not optimized for the
highest productivity for a specified type of job. It can be seen that FMC and FMS satisfy
both variety and volume equally well. If we take special purpose machines, variety is
much restricted. Transfer lines are dedicated usually to manufacture a component and
hence can be said to have the minimum variety.

19.5 TYPES OF FMS

FMS has been classified in several ways. Some of these classifications are still valid but
the discussion in this book is restricted to three basic types:

19.5.1. FLEXIBLE MANUFACTURING CELLS (FMC)
The simplest, hence most flexible type of FMS is a flexible manufacturing cell. It consists of
one or more CNC machine tools, general purpose or of special design interfaced with
automated material handling and tool changers. FMC’s are capable of automatically
machining a wide range of different workpieces. They are usually employed in one off
and small batch production as independent machining centres, but are frequently the
starting point for FMS.

A turning centre fitted with a gantry loading and unloading system and pallets for
storing work pieces and finished parts is a typical flexible turning cell. If the turning centre
is incorporated with either in-process or post process metrology equipment like Renishaw
probes or inductive measuring equipment for automatic offset correction, the productivity
of the system improves and wastage due to rejection is reduced. Automatic tool changers,
tool magazines, block tooling, automatic tool offset measurement, and automatic chuck
change and chuck jaw change etc. help to make the cell to be more productive.

TRANSFER
LINE

SPM

FMS

FMC

CNC

GPM

VARIETY

V
O

LU
M

E

Fig. 19.1 Types of Production Systems
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One or two horizontal machining centres with modular fixturing, multiple pallets,
advanced tool management system, automatic tool changer, automatic head changer or
automatic magazine changer, robots or other material handling systems to facilitate access
of the jobs to the machine also constitute a flexible machining cell.

An FMC can also comprise a turning centre, machining centre and pick and place
robots or other materials handling systems. Fig. 19.2 shows the block diagram of a flexible
manufacturing cell. This consists of a CNC lathe, a machining centre, a small automatic
storage and retrieval system, two robots for loading and unloading the machines and a
small rail guided vehicle to carry the component from one machine tool to another. The
system is controlled by a PLC and a couple of personal computer.

ROBOT 1

SUPERVISORY
COMPUTER

CNC 
MACHINING

CENTRE

AUTOMATED
STORAGE

AND
RETRIEVAL

SYSTEM

PROGRAMMABLE
LOGIC

CONTROLLER

RAIL GUIDED
VEHICLE

ROBOT 2

CONTROL
COMPUTER

CNC
LATHE

Fig. 19.2 Flexible Manufacturing Cell

19.5.2 FLEXIBLE TURNING CELLS
One of the most important advantages of CNC machines is their flexibility. The flexibility
in this particular context means that these work centres enable the production of
components in short batches. The production can be planned to meet immediate
requirements because the change over time is short. In order to enable the production set
up to change over from one component to another component in the shortest possible
time, several technological features have to be added to the turning machines. This section
describes some of these important features.

There are several ways to cut down idle time and component change over time and
improve the productivity and flexibility of CNC turning centres.

Flexible turning cells generally employ turning centres instead of CNC lathes. The
availability of C-axis and the live tools in the turret enable the process designer to complete
not only turning but also operations like milling, off-centre drilling, tapping, and helical
groove cutting etc in one set up. This means that all operations required to completely
machine a component can be carried out in one set up itself.

The relatively high cost of CNC machines means that the machine hour rate is several
times that of conventional machines. This necessitates not only increasing the utilization
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by cutting down idle time but also working on all the three shifts of the day as well as
during holidays. This calls for a high degree of automation.

By using automatic part changer, automatic tool changer and adopting process
automation through sensing and feed back devices like tool breakage sensors, automatic
tool length offset compensation, in-process or post-process gauging and program correction,
automatic chuck changing and chuck jaw changing, it will be possible to achieve fully
automatic unmanned machining.

19.5.2.1 Gantry (Robot) for Loading and Unloading (Automatic Part Changing)
A gantry device, a type of robot is used for loading raw workpiece (blank) and
unloading finished components. The raw materials are loaded in a pallet and delivered
in the loading bay of the gantry. A separate pallet is used to receive the finished
component. The loading arm of the gantry robot picks up a raw blank and moves to
a location near to the chuck. As soon as the machining of the component is over, it
swaps the raw blank and the finished part. The finished part is returned to the pallet
while machining starts on the new work piece. The gantry robot picks up another
raw part and positions itself near the chuck, ready to swap it with the job that is
currently being machined. Many manufacturers supply gantry robots in India which
can be fitted to the turning centres.

19.5.2.2. Automatic Tool Change Systems
There are several tooling systems available for automatic tool change systems in turning
centres. A brief description of some of the features of a typical tooling system is included
here.

The tooling system consists of:
Tool heads
Tool adapters
Tool head locking mechanism
Tool head changers
Tool head magazines
Probe for tool head
Tool breakage sensor
Probes for workpieces

Tool Head:Tool Head:Tool Head:Tool Head:Tool Head: The tool head on which the insert is mounted is basically cylindrical in
shape and is provided with a cylindrical bore and tenon slots on the face for location. The
basic holder has corresponding spigot and tenons to receive and locate the tool head. The
basic holder also carries a draw bar which actuates four radially arranged inclined pins
(Fig. 19.3)
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Fig. 19.3 Tool Head

The rigid cylindrical spigot not only helps to locate the tool head but also serves as a
support against the cutting forces and is equally strong in resisting forces acting in any
direction. Axial loads are transmitted to the holder through the plane contact face. The
tenons prevent rotation of tool head and also help in indexing the tool holder by 180o.

The following design features of the tool heads make them versatile and help in trouble-
free operation:

(i) Tool heads are of light weight and very compact in size. This helps in reducing
size of magazine.

(ii) The cutting edge of the tool head lies on a central plane of the tool head
(Fig. 19.4). This means that the same tool head can be used for both external
and internal machining. The same tool head can also be fitted upside down.
This design feature brings about considerable reduction in inventory costs. Of
course, different basic holders are often used for external and internal machining.

CENTRE
LINE

Fig. 19.4 Tool Head and Cutting Edge

(iii) All the tool heads are designed for internal coolant supply. Coolant is fed
through the holder of the tool head. The coolant hole in the tool head directs
a continuous stream of coolant at the cutting edge. (Fig. 19.5)
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Fig. 19.5 Coolant Supply

(iv) The system usually consists of three basic sizes to accommodate different sizes
of inserts and different loads. These tools can withstand cutting load which varies
from 12 kN to 50 kN depending upon the size of the spigot.

(v) Repeatability and accuracy of mounting measured at the tool nose is exceptionally
high with same tool head. With different tool heads some deviation may occur
owing to the tolerances on insert seat and insert dimensions. All heads and
holders are made to closer tolerances than normal tool holders eliminating the
need for tool offset compensation in roughing operations. Since these tools are
not pre-set, finishing operations require tool offset compensation.

(vi) A wide range of tool heads is available for internal and external applications.
Besides tool heads for turning, copy turning, facing, threading, grooving and
part-off, collet chucks are available for holding small diameter drills, reamers etc.

Tool Adapters:Tool Adapters:Tool Adapters:Tool Adapters:Tool Adapters:     Following are some of the types of tool adapters commonly used:

(i) Tool adapters with round shank
(ii) Tool adapters for square turrets with prismatic shank

(iii) Tool adapters for rotating tools. These units are mounted peripherally on a tool
holder. A hydraulic motor with steplessly variable speed drives the tool through
a clutch. Rotating tools are held in a collet chuck and can be automatically
replaced.

When changing the tools, the tool head must be properly positioned on the tool adapter
for reliable automatic locking by actuating the draw bar. This is monitored by a back
pressure measuring device integrated in the tool adapter.

As the contact face of the tool head approaches the tool adapter, back pressure increases,
reaching a maximum level when full contact is made, whereupon a signal is emitted to
clamp the tool and start the machining operation. An air stream cleans the spigot and
blows chip fragments away at the time of inserting the tool head.

Tool Head Locking Mechanism: Tool Head Locking Mechanism: Tool Head Locking Mechanism: Tool Head Locking Mechanism: Tool Head Locking Mechanism: The tool system in a FMC is available for three levels
of automation. In manual operation tool heads are changed and locked by hand; in semi-
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automatic operation tools are changed by hand but locked and released by a motor ; in
fully automatic operation locking/releasing, tool changing and process monitoring are
automatic, necessitating the use of appropriate magazine, tool changer, tool locking and
process monitoring equipment.

Tool Head Magazines:Tool Head Magazines:Tool Head Magazines:Tool Head Magazines:Tool Head Magazines:     Tool magazines accommodate all the tools required in the
machine for a given workpiece or a group of workpieces. Magazine capacity ranges from
24 to 120 tools. Generally, 30 to 60 tool stations are sufficient for one shift. As discussed
earlier, tools are held in the magazine by short spigots. Simple mechanical features locate
the tool and prevent it from rotating or falling off. This concept offers the advantage that
used tools can be deposited in vacant stations.

Various designs of tool magazines are available, e.g. drum, rail or disc types. In setups
where the magazine is not driven, the tool changer will execute all movements.

Tool Head Changer:Tool Head Changer:Tool Head Changer:Tool Head Changer:Tool Head Changer:     Tool head handling can be effected, for instance, by a hydraulic
tool changer attached to the lathe’s longitudinal slide by an intermediate member.
Depending on the workpiece and the machining operation, various standard designs are
employed.

The simplest set-up is for shaft work only, where all tools are for external machining
and mounted on radial tool holders. The tool changer then consists of one rotational and
two translational hydraulic units.

Chucking work generally requires the use of radially mounted external tools as well as
axially mounted internal tools. Owing to the additional 900 turn required the tool changer
comprises two rotational and three translational units. Any industrial robot meeting these
requirements can be used as a tool changer. The cylindrical spigot on the tool holder features
an entering groove which permits trouble-free coupling of tool head and tool holder.

Probe for Tool Head:Probe for Tool Head:Probe for Tool Head:Probe for Tool Head:Probe for Tool Head:     Besides tools, magazines and grippers, the tooling system also
includes all the sensors required in automatic operation for measuring and monitoring the
process. An interface circuit transduces the signals received from a sensor into control
pulses for the CNC system. In addition to reliability, integrated microelectronics also offers
short response times, an advantage for quicker tool breakage detection.

Any tool in the lathe can be checked for offset along the X and Z axes. The tool to be
checked is taken to the probe, like a Renishaw LP-2 signal emitting type sensor. The signal
emitted is processed at the interface circuit and passed on to the CNC system which then
compares the actual value with a preset value and automatically compensates for any
variation in tool offset. Pre-setting of tools and fixtures is therefore rendered superfluous.

Tool Monitoring:Tool Monitoring:Tool Monitoring:Tool Monitoring:Tool Monitoring:     Completely automated machining calls for continuous monitoring
of tool to sense end of tool life due to gradual wear, breakage of tool due to chipping or
collision in order to avoid further damage. Tool monitoring systems help in sensing above
events and in avoiding damage to tool and reducing down time of machine.

A tool monitoring system consists of three individual components for sensing collision,
breakage and wear.
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All these systems work according to simple and reliable principle of measurement.
During machining, cutting forces are continuously sensed through a strain transducer
mounted on the machine. Any variation during the process of machining leads to a change
in the cutting force which is sensed by the strain transducer. If the previously set value is
crossed, then the device gives within a few milliseconds an impulse for the feed to stop.

The system consists essentially of the strain transducer, signal conditioning and
processing electronics and the machine interface. The piezo-electric strain transducer is
mounted on that part of the machine which is subject to maximum deformation. This is
usually the turret housing. The signals picked up during machining operation are evaluated
continuously by the microprocessors in the system.

Collision Monitor:Collision Monitor:Collision Monitor:Collision Monitor:Collision Monitor:     Automatic collision monitoring starts with the establishment of a
threshold value of forces. The machine tool is first run through the machining programme
for the specific workpiece. The transducer measures the forces that are set up and gives a
digital read-out of the maximum value. At the press of a button, this value plus a safety
allowance is transferred to the decode switch and acts as a force threshold for the monitoring
process. When the programme is run again the collision control system automatically
monitors the machine for collision. If process data exceeds the preset threshold, a signal is
emitted to shut down the feed motor within 3 milliseconds. At the same time the operator
is alerted by visual and audible warning signals.

The turning centre programme cannot be resumed until the fault signal has been
acknowledged, either manually via a push-button or by the control system via the clear
(CLR) signal. If cutting parameters are changed substantially, a new cut-out threshold has
to be established. Under certain conditions the system can even detect tool breakage, for
example if the force setup by breakage exceeds the preset threshold.

Continuous Wear:Continuous Wear:Continuous Wear:Continuous Wear:Continuous Wear:     The turning centre operation can be made much more cost-effective
by the wear control system. By determining when a tool is worn, the risk of scrap production
as a result of blunt tools is eliminated. This also reduces the risk of cutting edge breakage.
The monitoring strategy for wear control is based on the measurement of the rise in force
over tool life. This rise is dependent on a number of parameters which cannot be defined
in advance. They have to be learnt by the system in a teach-in phase covering the useful
life of a standard reference cutting edge. Instead of the teach-in-phase the operator can
also key in a rise-in-force value or call up from memory a previously established value.

During machining, the wear monitoring unit continuously calculates the extent of wear
of each tool in use and displays the value. The operator knows at a glance how much time
remains until the next tool change. The system thus permits timely tool setting and helps
effective production scheduling.

After a workpiece has been machined the relevant tool is checked for wear. A wear
message appears on the display giving the relevant tool number. As soon as this message
is acknowledged a new message is displayed instructing the operator to change the tool.
Only when tool replacement has been effected and confirmed can production be resumed.
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Breakage Monitor: Breakage Monitor: Breakage Monitor: Breakage Monitor: Breakage Monitor: Breakage monitor is a system offering versatility in tool monitoring.
It provides automatic detection and programmable response to breakage, collision, spalling
and tool vibrations.

To ensure complete reliability in performing all control functions the tool breakage
monitoring and control system employs three monitoring strategies. The first involves a
safety limit. The high force signal caused by collision exceeds this limit and the feed motor
is shut down immediately. Collision is thus detected effectively and automatically.

The second strategy involves the system’s microprocessor monitoring every cut and
comparing it with a predetermined force value. If this value is exceeded the feed monitor
is stopped instantaneously.

In a third strategy the system looks out for specific events which are typical of tool
breakage. When a tool breaks sudden high-frequency peaks occur in the components of
the cutting force in radial and feed directions. These peaks, which do not occur in normal
operation, are due to particles of the shattered tool becoming jammed between workpiece
and cutting edge. As they break free the cutting forces drop briefly to zero. The breakage
monitoring system, working with preset upper and lower tolerance limits, responds
immediately when either of these limits is transgressed and within 2 milliseconds emits a
signal to stop the feed. By means of a special stop module the feed drive is shut down
within 20 milliseconds.

Probe for Workpiece Gauging:Probe for Workpiece Gauging:Probe for Workpiece Gauging:Probe for Workpiece Gauging:Probe for Workpiece Gauging:      The workpiece gauging probe permits in-process
workpiece gauging with integrated tool offset compensation via the CNC system. Both
inside and outside diameters can be measured as well as lengths. Gauging is done by a
Renishaw LP2-3D probe with a replaceable stylus. The probe is mounted in a specially
designed head and placed on an external or internal tool holder as required. During
machining the probe is stored in the magazine for protection. The signal is transferred to
the interface either by cable or via contactless induction coils or through infrared emission.
The probe is calibrated with the aid of a reference plane in the machine.

19.5.3. FLEXIBLE TRANSFER LINES (FTL)
Flexible transfer lines are intended for high volume production. A part in a high volume
production may have to undergo large number of operations. Each operation is assigned
to and performed on only one machine. This results in a fixed route for each part through
the system. The material handling system is usually a pallet or carousel or conveyor. In
addition to general purpose machines, it can consist of SPM’s, robots and some dedicated
equipment. Scheduling to balance the machine loads is easier. Unlike conventional transfer
lines, a number of different workpieces can be manufactured on the FTL. The resetting
procedure is largely automatic.

19.5.4. FLEXIBLE MACHINING SYSTEMS
Flexible Machining Systems consists of several flexible automated machine tools of the
universal or special type which are flexibly interlinked by an automatic workpiece flow
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system so that different workpieces can be machined with the same machine
configuration. The characteristic feature is the external interlinkage of the machines,
unrestricted by cycle time considerations. Different machining times at the individual
stations are compensated for by central or decentralized workpiece buffer stores. Flexibility
is applied to machines because of CNC control and flow of products from one machine
to another which is possible through flexible transport system.

Flexibility is characterized by the system’s ability to adapt to changes in the volumes
in the product mix and of the machining processes and sequences. This means that a FMS
will be able to respond quickly to changing market and customer demands.

19.6 BENEFITS OF FMS

FMS’s are designed to provide a number of advantages over alternative approaches
(Fig. 19.6). These are listed below:
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Fig. 19.6 Benefits of FMS

••••• Reduced cycle times
• Lower work-in-process (WIP) inventory
• Low direct labour costs
• Ability to change over to different parts quickly
• Improved quality of product (due to consistency)
• Higher utilization of equipment and resources (Utilization better than stand-

alone CNC machines)
• Quicker response to market changes
• Reduced space requirements
• Ability to optimize loading and throughput of machines
• Expandability for additional processes or added capacity
• Reduced number of tools and machines required
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• Motivation for designers to add variations and features to meet customer
requirements.

• Compatible with CIM
Some of these advantages can lead to significant cost savings. Direct labour can be

eliminated almost entirely. Cycle time and WIP can be reduced to a fraction of what is
normally experienced in a manual operation. An FMS is designed to have the production
machines working most of the time rather than standing idle.

This can be explained with the help of Fig. 19.7. On any manually controlled work
centre, the total time available for production per year is 8760 hours. Out of which the
company loses 14.3 % of the time on account of Sunday being a weekly holiday. Paid
holidays result in production loss of roughly 1.5%. An employee may also be eligible for
paid leave (casual leave, earned leave etc.) and this may reduce the available working
hours by 8%. The efficiency of production in the third shift is usually less and the production
loss due to it is about 14% (assuming only 50% of the normal efficiency in the third shift).
In India, a major cause for loss of production is employee absenteeism due to medical or
other reasons. A factory employee is eligible to avail unto 90 days leave a year, enjoying
the benefits from Employee’s State Insurance. The average absenteeism in many industries
varies. If we assume that the loss of production due to absenteeism is approximately 7%,
the net available production time is only 55%. Assuming an efficiency of production of
80%, the work centre time utilized comes down to 44%.
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Fig. 19.7 Loss of Production Time

In the case of conventional manually operated metal cutting machines, the actual
time utilized for removal of material is about 30-35% of the working time. The rest of the
time is spent on non-productive operations like setting up of work and tools, inspection
or procuring tools etc.

In the case of efficient operation of CNC machines this percentage increased to 80 to
85%. In FMS, one can achieve as high as 90-95% efficiency. Another important feature of
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FMS is that an FMS can produce parts even if the employee is absent or even if it is a
holiday. The significance of FMS must be apparent from this fact.

An automated material handling system and a computer-based production
scheduling system are needed to keep the machines fed with parts. FMS uses computer
automation techniques to lower the overall cost of production operations.

19.7 MAJOR ELEMENTS OF FMS

Each of the major subsystems in an FMS performs a number of functions and is dependent
on the others to make the entire system work. The functions will vary, depending upon
the type of equipment and manufacturing operations involved.

19.7.1 PRODUCTION EQUIPMENT
The production equipment used in FMS depends upon the product manufactured.

(i) FMS for sheet metal work:FMS for sheet metal work:FMS for sheet metal work:FMS for sheet metal work:FMS for sheet metal work: The work centres used in sheet metal FMS include
turret punch presses, laser machining centres, press brakes, guillotines etc. A
typical FMC consists of sheet stacking system, sheet unloading device, sorting
conveyor, turret punch press, right angle shear, loading device and automatic
storage.

(ii) FMS for machining: FMS for machining: FMS for machining: FMS for machining: FMS for machining: This type of FMS typically has a number of machining centres
and/or turning centres to provide general purpose machining capabilities. Machining
centers offer the greatest flexibility, since they can perform many different machining
operations. (e.g. milling, drilling, and boring). This is made possible by a tool-
changing system that is either built into or supports the machining centre. A part
can therefore undergo multiple machining processes at a single workstation. Special
purpose machines may also be included in the FMS to perform operations which
are unique or require more efficiency (e.g. turning, grinding). Washing machines
and inspection machines also form the equipment of FMS.

The family of parts which the FMS is designed to produce will determine the capabilities
required from the machine tools (e.g. accuracy, size, power etc). Details of the CNC machine
tools are given in Chapter 12.

19.7.2 SUPPORT SYSTEMS
Automated machine tools typically require several systems to support their operation.
The tools required to perform the multiple processes of a machining centre or a turning
centre may be stored in magazines at each machine or in central tool storage. Local
magazines provide fast access as well as backup capability but in a large FMS a central
tool facility may be more efficient. Centralization not only permits the total number of
tools to be minimized; it also provides the opportunity to perform additional functions
automatically, such as:
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(i) Measurement of tool wear
(ii) Tool pre-setting

(iii) Tool regrinding, repair and maintenance
(iv) Replacement of broken or worn tools

Many automated machine tools have built-in systems to monitor tool wear and
detect tool breakage. They may use probes or non-contact techniques such as acoustic
emission for this purpose. When a tool needs replacement, the machine can signal the
tool room for the delivery of a replacement. This may be performed by an AGV or
gantry set up or RGV.

Elaborate tool management support is an integral part of FMS software. With this
software, operating personnel can have effective centralized control of a large tool inventory.

Automated machining operations also need to have the chips cleaned off the workstation
and the workpiece. This may be performed by robots or special washing stations. Cleaning
may involve turning the workpiece over, vacuuming and washing.

19.7.3 MATERIALS HANDLING SYSTEM

••••• A FMS typically needs several materials handling systems to service the machines.
••••• A transport system to move workpieces into and out of the FMS (e.g. overhead

conveyors, gantry systems, AGV’s, RGV’s)
••••• A buffer storage system for queues of workpieces at the machines (e.g., pallets)
••••• A transfer system to load and unload the machines (e.g. robots, transfer fixtures)

For these systems to work effectively, they must be synchronized with the machine
operations. The location and movement of workpieces must be tracked automatically. This
is done by using sensors on the materials handling system and workstations.

They may be either contact devices (e.g. switches) or non-contact devices (e.g. optical,
RFID tags or proximity devices).

19.7.3.1 Automatic Guided Vehicles (AGV)
AGV is one of the widely used types of material handling device in an FMS. These are
battery-powered vehicles that can move and transfer materials by following prescribed
paths around the shop floor. They are neither physically tied to the production line nor
driven by an operator like forklift. Such vehicles have on-board controllers that can be
programmed for complicated and varying routes as well as load and unload operations.
The computer for the materials handling system or the central computer provides overall
control functions, such as dispatching, routing and traffic control and collision avoidance.
AGV’s usually complement an automated production line consisting of conveyor or transfer
systems by providing the flexibility of complex and programmable movement around the
manufacturing shop.
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Advantages of using AGV systems in FMSAdvantages of using AGV systems in FMSAdvantages of using AGV systems in FMSAdvantages of using AGV systems in FMSAdvantages of using AGV systems in FMS

(i)(i)(i)(i)(i) Flexibility:Flexibility:Flexibility:Flexibility:Flexibility:     The route of the AGV’s can be easily altered, expanded and modified,
simply by changing the guide path of the vehicles. This is more cost effective than
modifying fixed conveyor lines or rail guided vehicles. It provides direct access
materials handling system for loading and unloading FMS cells and accessing the
automated storage and retrieval system.

(ii)(ii)(ii)(ii)(ii) Real time monitoring and control:Real time monitoring and control:Real time monitoring and control:Real time monitoring and control:Real time monitoring and control:     Because of computer control, AGV’s can be
monitored in real time. If the FMS control system decides to change the schedule,
the vehicles can be re-routed and urgent requests can be served. AGV’s are
usually controlled through wires implanted on the factory floor. The control is
effected using a variable frequency approach.

Radio control, an alternative to in-floor mounted communication lines, permits two
way communications between the on-board computer and a remote computer, independent
of where the vehicle is i.e. whether it is in the parking place or whether it is in motion. To
issue a command to a vehicle, the central computer sends a bit stream via its transmitter
using frequency shift keying methods to address a specific vehicle. The signal transmitted
from the base station is, therefore, read by the appropriate vehicle only. The vehicle is also
capable of sending signals back to the remote controller, to report the status of the vehicle,
vehicle malfunction, battery status, and so on.

(iii)(iii)(iii)(iii)(iii) Safety: Safety: Safety: Safety: Safety: AGV’s can travel at a slow speed but typically operate in the range 10
to 70 m/min. They have on-board microprocessor control to communicate with
local zone controllers which direct the traffic and prevent collisions between
vehicles as well as the vehicle and other objects. A bumper is attached to some
designs of AGV’s to prevent collision.

AGV’s may also incorporate warning lights, fire safety interlocks and controls for safety
in shops. During design, the use of simulation can help detect whether there are enough
vehicles to perform the necessary load, unload and transportation tasks and thus optimize
the utilization of the AGV system. Because these vehicles have to work in a tandem with
highly organized FMS cells as well as with automated warehouses under computer control,
their level of performance will affect the entire efficiency of the FMS.

19.7.4 AUTOMATED STORAGE AND RETRIEVAL SYSTEMS
A key part of any materials handling system is storage. Major advances have been made in
recent years to automate the storage and retrieval of product and materials by employing
sophisticated materials handling machines, high-density storage techniques and computer
control. Such systems come in a variety of forms and sizes depending on the materials
handling and storage job that has to be done. They often take the form of automated
warehouses which use automatic storage and retrieval systems, conveyors and computers
to control the materials handling machines and to track and control the inventory. The
characteristics of such warehouses include:
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(i) High density storage (in some cases, large, high-rise rack structures)
(ii) Automated handling systems (such as elevators, storage and retrieval carousels

and conveyors).
(iii) Materials tracking systems (using optical or magnetic sensors)

In such a storage system, the computer can keep track of a large number of different
parts, products and materials and can assign bin locations to optimize the use of storage
space. When such a system is tied into the production control system, parts and materials
can be replenished as they are consumed on the factory floor, keeping the work in process
(WIP) to a minimum.

19.7.4.1. Categories of AS/RS
The automatic storage and retrieval system can be classified into several types. Some of
them are:

• Unit load AS/RS
• Mini load AS/RS
• Man-on-board AS/RS
• Automated item retrieval system
• Deep lane AS/RS

19.7.4.2 Basic Components of AS/RS
An AS/RS normally consists of:

• Storage structure
• Storage and retrieval machine
• Storage modules
• Pick-up and deposit stations

19.7.4.3 Special Features of AS/RS
Some of the special features of AS/RS are:

• Aisle transfer cars
• Full/empty bin detectors
• Sizing stations
• Load identification stations

19.7.5 BUFFER STORING OF PARTS
In an FMS, parts move from one work cell to another where the various processing tasks
are performed. Because of the almost random production facilities of FMS, the destination
cell might not always ready to accept the incoming part and the part has to wait in a buffer
store. These and other bottlenecks in the materials handling problems can be successfully
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detected by simulation. Buffer stores for parts will always be desirable. Figure 19.8 shows
a typical FMC cell layout where buffer stores are used as an integral part of the cell as well
as the overall materials handling system.
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Fig. 19.8 Typical FMC Layout

In the case of turning centres, the machining time may be of the order of a few
minutes. A gantry robot is used for loading and unloading the component. It is better to
present the raw workpieces in a pallet to the gantry. Finished workpieces can be deposited
in another pallet. The empty raw material pallet and the filled finished part pallet will be
transported by the AGV.

Buffer store is also recommended for sheet metal items. Machining centres with multiple
pallets (2, 4, 8 or more) incorporate adequate buffer capacity to last several hours.

19.7.6 CHIP REMOVAL AND WASHING STATIONS
Workpiece cleaning is important, especially before the part goes to the inspection station
or assembly station, because un-removed swarf can cause problems during the inspection
cycles or assembly.

The swarf removal is done at the washing station of the FMS. The pallet with fixtured
part is loaded on to the washing station, where it is located as if it was a table of any other
machining station. It is tilted, by a hydraulic mechanism, while being rinsed under high
pressure coolant or pressurized air supply. Then, while reverting to its load/unload
position, the pallet is blown clean with compressed air. Once the part is clean, it can be
taken away by a robot or AGV together with its pallet.

19.7.7 COMPUTER CONTROL SYSTEM
The computer control system of an FMS integrates several sub-systems including:

CNC systems
Support system controllers
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Materials handling system controller
Monitoring and sensing devices
Data communication system
Data collection system
Programmable logic controllers
Supervisory computer
This control system must also integrate other computer systems if existing in the

factory. The FMS system must also communicate with the following systems:

• The CAD/CAM system which generates the CNC programs for the machine
tools

• The shop floor control systems which schedules loading and routing of the work
• The management information system (MIS) system which provides management

with reports on the performance of the system
The various controllers and computers can be arranged in the form of a LAN for this

purpose.
The type of the supervisory computer depends upon the size of FMS. A powerful

server will be adequate as a control computer.

19.8 OPTIMISATION OF FMS

An FMS requires considerable investment. Thorough planning and analysis should precede
the purchase of a FMS as the FMS should be designed to provide efficient operation.

Following are some approaches which should be considered in order to optimize the
overall efficiency and effectiveness of FMS:

i. Minimizing the process cycle time:Minimizing the process cycle time:Minimizing the process cycle time:Minimizing the process cycle time:Minimizing the process cycle time:     The process must be designed to minimize
machining and handling.

ii. Maximizing the utilization of each machine:Maximizing the utilization of each machine:Maximizing the utilization of each machine:Maximizing the utilization of each machine:Maximizing the utilization of each machine:     This can be done by balancing the
work load in the system and real time scheduling.

iii. Use of automated storage systems to keep work ready for machines to process:Use of automated storage systems to keep work ready for machines to process:Use of automated storage systems to keep work ready for machines to process:Use of automated storage systems to keep work ready for machines to process:Use of automated storage systems to keep work ready for machines to process:
The raw work parts must be replenished as and when needed to avoid starving
the work centres.

iv. Provision of adequate sensors for the detection of errors or problems: Provision of adequate sensors for the detection of errors or problems: Provision of adequate sensors for the detection of errors or problems: Provision of adequate sensors for the detection of errors or problems: Provision of adequate sensors for the detection of errors or problems: This
includes the detection of the presence and absence of parts, jamming, tool wear,
machine failures, and so on. This can be done with the use of vision systems,
limit switches, proximity switches etc. In some cases special sensors like tool
monitoring systems are used.

v. Backup capabilities:Backup capabilities:Backup capabilities:Backup capabilities:Backup capabilities:     Redundancy is important in ensuring trouble-free operation
of the FMS. The system should be able to run even when failures occur (e.g., use
spare tools, provision to isolate defective machines, supply of alternative materials
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and transport paths, additional machine capacity).
vi. Incorporation of in-process or post-process measurement and inspectionIncorporation of in-process or post-process measurement and inspectionIncorporation of in-process or post-process measurement and inspectionIncorporation of in-process or post-process measurement and inspectionIncorporation of in-process or post-process measurement and inspection

techniques:techniques:techniques:techniques:techniques:      These assure product quality and reduce scrap and rework.
vii. Use of identification marking techniques:Use of identification marking techniques:Use of identification marking techniques:Use of identification marking techniques:Use of identification marking techniques:      Bar codes and RFID tags are now

popular for identifying products as well as components. This permits automatic
tracking of workpieces and tools.

A great deal of effort is required to implement FMS. They are complex systems that require
careful planning and thorough design. Some of the major tasks in selecting a FMS are:

• Selecting a family of parts that is both similar in design as well as in application.
Group technology concepts can be used for this purpose.

• Specifications of the capabilities and performance requirements of the subsystem
and total system.

• Bench marking the performance of the alternative proposals.
• Economic justification of the system.
• Determining the size of the system.
• System simulation for optimization.
• Selection of the equipment for the FMS.
• Design of the control systems.
• Selection and training of the personnel to run the system.

19.9 OPERATIONAL ELEMENTS OF A TYPICAL FLEXIBLE MANUFACTURING CELL

Figure 19.9 shows a flexible manufacturing cell. The various functional elements of the
FMC are discussed below:
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Fig. 19.9 Flexible Manufacturing Cell
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19.9.1 THE FMC SOFTWARE
The software system for the flexible manufacturing cell is designed on the basis of the
functions the FMC expected to perform. The basic system offers standard interfaces to
various software functions. It also handles communication between the individual software
modules and between the software modules and any peripherals (printers, other
computers).

The CNC controls associated with the cell are accessed via appropriate programs.

The basic system also supports or performs the following functions:

• System generation and parameterization
• System initialization
• Collection and display of error messages
• Log functions

19.9.2 TYPES OF DATA ASSOCIATED WITH THE FLEXIBLE MANUFACTURING CELL
A typical FMC system handles four different types of data: Master data, control data,
status data and general management data. These data are generated from CAD, CAP
and CAM functions. (Fig. 19.10).
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Fig. 19.10 Generation of FMS data
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These are discussed below:

(i) Master data:Master data:Master data:Master data:Master data:     Master data have to be set up only once when the flexible
manufacturing cell is put into operation and this comprise:
System-specific data (related to the architecture of the system) and

Resource master data which include:

(a) Tool master data
(b) Workpiece carrier master data (data relating to the workpiece carriers and

clamping fixtures)

(ii) Control data:Control data:Control data:Control data:Control data:     Control data are product-specific data.
(a) CNC programs, tool layouts and work schedules (technical control data)
(b) manufacturing orders (organizational control data)

(iii) Status data:Status data:Status data:Status data:Status data:     Status data describes the current situation with regard to resources:
(a) Plant status data
(b) Resources data
(c) Work piece carrier data
(d) Tool data
(e) Work piece data

(iv) Log data:Log data:Log data:Log data:Log data:     All operational data and machine data required for later analysis and
diagnostics are recorded, evaluated by the software function modules and filled
with details of data and time of day. Such data include the following:
(a) Machine specific messages

(e.g. from CNC, PLC, handling devices, transport system)

• Status and operational messages
(e.g. NC start, NC end, NC program run time)

• Alarms
(e.g. machine fault)

(b) Tool specific messages
(e.g. tool break, end of tool life)

(c) NC messages
(e.g. load NC program)

(d) Entry and description of fault by way of a dialogue

There are system statuses in which the data are not in a defined stated, namely:

• Initial start (all data), and
• Restart after complete or partial loss of data
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19.9.3. JOB SCHEDULING
Manufacturing orders are entered into the cell computer by the operator interactively.
In the input routine, the operator enters the job number, the parts number, the production
quantities and deadlines. Manufacturing orders can be completed on a batch basis or may
involve a parts mix. Figure 19.11 shows the various FMC functions.

By setting appropriate identifiers it is possible to link manufacturing orders in such a
way that parts are finished in the correct order for assembly. The fundamental planning
method used is such that with as few workpiece carriers as possible in the cell the machines
can be well utilized and throughput times can be kept to a minimum.
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Fig. 19.11 Various FMS Functions

Manufacturing orders with the highest priority are the first to be taken up for
manufacture.

During the scheduling processes a check is carried out to establish whether the necessary
NC programs, workpiece carriers and master data are available. (Fig. 19.12).

If the operator informs the system that the missing resources can be procured in
time, the order is then considered to be accepted and scheduled. This scheduling routine
is repeated for as long as there is still free manufacturing capacity available. The
availability check is repeated prior to start of manufacture.
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Fig. 19.12 Data Requirements

19.9.4. TOOL REQUIREMENTS
Tool requirements planning (Fig. 19.13) for scheduled manufacturing orders are carried
out on two separate occasions:

• Immediately after job scheduling and
• Prior to the start of manufacturing
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MANUFACTURING

CAPACITY PLANNING

RESOURCES 
AVAILABLE

Fig. 19.13 Tool Data Requirements

(i) Preliminary planning phase: Preliminary planning phase: Preliminary planning phase: Preliminary planning phase: Preliminary planning phase: Tool identification numbers and all the intervention
times for each tool application must be taken from the tool lists of the NC
programs. The tool lives for all the tools used in the system are stored in the tool
reference data management files.

By linking all the relevant data it is possible to ascertain the gross tool requirements;
these requirements are notified to the operator (display, printout). The operator confirms
that the tools can be obtained in good time.

(ii) Final planning phase: Final planning phase: Final planning phase: Final planning phase: Final planning phase: Before manufacturing starts, a requirement analysis is
performed which takes into account the residual tool lives of the tools
accommodated in the machine magazine. The net tool requirements list and
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the list of tools due for release in the machine magazine are printed out in the
form of tool loading and unloading lists.

A tool setting unit may be connected to the cell computer as an option. The setting
unit is provided with the reference data for the tools to be set. The actual tool data or the
tool correction data determine by the unit is transferred online to the cell computer.

For changing the tools, the relevant data are available for the machine tool PLC.

19.9.5 SETTING-UP WORK PIECE CARRIER
A work piece carrier consists of a pallet and the workpiece-specific clamping fixtures.
At the set up location, the operator is informed for the set up procedures to be performed
for the particular workpiece.

If there is no separate setting up location in the system it, setting up takes place at the
clamping location. Prior to setting up, the appropriate pallet is selected, blocked and
transported to the desired set up location.

If the clamping fixture is mounted and adjusted, the zero offset must be measured.
The zero offset data are accepted by the cell computer and if necessary, notified to the
machine tool.

19.9.6 CLAMPING OR PALLETIZING
More than one clamping or palletizing station can be integrated into a flexible manufacturing
cell. A clamping station may consist of a number of clamping locations at which clamping
is performed automatically or by the operator. The raw or semi finished job is located in an
appropriate pallet and properly clamped. The pallet is designed to enable automatic transfer
to the machine table.

i.i.i.i.i. Clamping: Clamping: Clamping: Clamping: Clamping: The components for the manufacturing order with the highest priority
allocated at the manufacturing order schedule are taken up for clamping. The
operator can either accept this order or specify a different order that has already
been scheduled.

The material flow control (MFC) facility assigns to the clamping station a workpiece
carrier appropriate to the workpieces associated with the selected order. At the end of
the clamping process, the MFC routes the workpiece carrier to the appropriate
machining equipment.

ii.ii.ii.ii.ii. Reclamping: Reclamping: Reclamping: Reclamping: Reclamping: If the component requires a different type of fixture for a subsequent
machining operator, it is reclamped in a suitable fixture.

iii.iii.iii.iii.iii. Unclamping:Unclamping:Unclamping:Unclamping:Unclamping: The MFC facility routes the finished workpiece to the clamping
station where the pallet is fitted with a new workpiece appropriate to the
manufacturing status.

After all the clamping operations have been completed the workpiece status data
are updated. In the case of reclamping and unclamping, “Remachining necessary”, or
“Reject” may be signaled as quality criteria with respect to the workpiece.
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19.9.7 MATERIAL FLOW CONTROL
The material flow control facility controls and supervises the transport of the workpiece
carriers with the clamped workpiece in the flexible manufacturing cell.

The workpiece carriers are transported by the transport system of the cell between a
source station and a destination station. Source and destination station include clamping
locations, machine tools, washing and measuring machines, etc.

The transport requests are specified by the station-specific programs (e.g. machine
tool program, fixturing programme) to the MFC facility at the end of an operation and
processed by the MFC facility according to the FIFO principle (FIRST IN FIRST OUT).

In addition to the stations, each cell normally has storage locations where the workpiece
can be held if the destination station is occupied.

If this happens the transport job together with the destination and the priority is
preserved. The source station identifier is replaced by the storage location number.

Information on the source and destination is obtained by interpreting the workpiece-
specific schedule, in which among other things the sequence of operations is defined.

During transport the status data of the transport system, source and destination stations,
workpiece carrier and workpiece are updated by the MFC facility in real time.

19.9.8 MACHINE TOOL PROGRAM
In the FMC system the machine tool program undertakes all the tasks arising at the interface
to the machine tool. These tasks are online functions, so that each of the machine tools
integrated into the FMC system is assigned its own machine tool program.

The machine tool programs process:

i.i.i.i.i. NC functionsNC functionsNC functionsNC functionsNC functions
• Maintaining a list of the NC programs available in the CNC
• Loading a program by preparing the CNC for loading and activating program

transfer via the NC program supply module
• Erasing the CNC memory

ii.ii.ii.ii.ii. Tool dataTool dataTool dataTool dataTool data
• Reading the tool magazine and forwarding the contents to the tool

requirement module
• Forwarding the tool offset data on loading the tool magazine
• Alarms and status messages which lead to the cancellation of automatic

processing of the machine tool.

Alarms and status messages are logged by the basic software system. The relevant
status data are simultaneously updated.
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19.9.8.1 Synchronization
Synchronization must be carried out in the event of a restart for a machine tool in the FMC:

(i) Resetting the PLC
• Interrogate alarms and status
• Cancel NC programs
• Read tool magazine data

(ii) Forwarding the information to the relevant program modules
(iii) Resetting the NC program supply module.

19.9.8.2 CNC Program Supply
With the aid of this module, (Fig. 19.14) CNC programs are:

• transferred to the CNC of the cell,
• retransferred from a CNC (updated, optimized programs),
• read from floppy disk or via a host computer interface into the cell computer,
• deleted from the NC program library.
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SUPPLY

MACHINE CONTROL
PROGRAM
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Fig. 19.14 CNC Program Management

The CNC programs are held ready by a machine tool program at the interface to the
CNC and transferred if the CNC signals that it is ready to receive. Retransmission of updated
NC programs is initiated by means of operator inputs on the cell computer.

When CNC programs are transferred to the cell computer they are read into an input
file, provided with the necessary prefix and management data by the operator interacting
with the computer and transferred to the library with a particular CNC program number
and references to subroutines and tool lists. The status of the CNC program indicates
whether the program is blocked, released for production or whether it is an updated version.

By entering appropriate requests on the operator console lists information relating to:

• All blocked diagrams
• All programs with update versions etc.
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19.9.9 TOOL FLOW CONTROL
Figure 19.15 shows a schematic diagram of tool flow control. The tool flow control facility
processes the bi-directional transfer of tools between the cell magazines. For each machine
tool, the tool planning function supplies the tool flow control facility with lists containing
the identification numbers of the tools required and the tools those are available.
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CELL MA GAZINE
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Data input fo r
Manual exchange

TOO L FLOW
CONTROL

MACHINE TOOL
PROGRAM

CNC
PLC

MAGAZINE
MANAGEMENT

Fig. 19.15 Schematic Diagram of Tool Flow Control

The deciding factor is the time of requirement or the time of tool release for dismantling.
Before a workpiece arrives at the machining location of the machine tool a check is carried
out to establish whether:

• All the tools required are available in the machine tool magazine, or
• The tools not in the machine tool magazine are available in the cell magazine.

If the necessary tools are not available the workpiece is rejected. If the tools are in the
cell magazine, a change of tools is initiated. The time of the change of tools is notified to
the relevant machine by the PLC as follows:

From flags set in the NC programs the machine tool PLC knows if there is enough time
available for a change of tools. If a flag is set, the tool flow control facility is informed.

19.9.9.1 Tool Changing
The co-ordinates of the tool location are passed to the PLC of the handling device where
they are converted into movement instructions. At the same time as the handling device is
executing the movement instructions, the PLC of the machine tool positions the magazine
for tool changing. Once the new tool has been loaded, the tool that is no longer required
can be exchanged and transferred to the cell magazine. A free location is specified by the
cell store management facility. Physical tool exchange is accompanied by a magazine
management update.

19.9.10 CELL MAGAZINE MANAGEMENT
This program performs the following tasks in the buffer storage magazine of the FMC:

• Location management for the installed tools,
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• Machine oriented reservation of tools for current jobs and
• Information functions relating to machine occupancy.

Since normal-sized and oversized tools have different space requirements, the buffer
storage magazine is divided into areas for normal-sized and over-sized or non-standard
tools.

Exchange of tools between the buffer storage magazine and the machine tool magazine
is performed by a handling device and is processed by the tool flow control facility.
Loading and unloading in the buffer storage magazine is performed manually or by a
handling device. When tools are loaded and unloaded they must be identified by entering
their identification numbers.

19.9.11 SYSTEM VISUALIZATION
System visualization is a graphical representation of the layout of the FMC and workpiece
carrier locations and displays the current status of the individual stations such as machine
tools, transport vehicles, clamping stations and location of workpiece carrier. It also indicates
the operating mode of the system.

19.9.12 SYSTEM CONFIGURATION
Several flexible manufacturing cells can be combined to form a system under the control
of a supervisory computer.

In such a system, tasks are distributed among the individual cell computers and the
supervisory computer. A typical arrangement is shown in Fig. 19.16.

Machine related functions such as CNC program supply and the machine tool
programs, any material flow control within the cell and the associated data storage
facilities remain at cell level.
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Fig. 19.16 System Configuration
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Execution of the higher functions of job scheduling, tool requirement management,
material flow control and palletizing etc., are the responsibility of the co-ordination
computer.

• Each of the cells is a self-contained functional unit
• The cells can be put into operation at different times
• The cells have a standardized interface to the supervisory computer
• The cells can be supplied by different machine manufacturers
• Incorporation of autonomous cells into the system can be done as and when

needed.

19.10 TYPICAL FMS LAYOUT

Figure 19.17 shows the layout of a typical FMS. For the sake of clarity only a few
representative component units are shown in the figure. The following major subsystems
and components can be seen in the illustration:

(i) Automatic storage and retrieval system
(ii) CNC machines

(iii) Workpiece carriers (AGV’s)
(iv) Palletizing station
(v) Washing station

(vi) Tool presetting station
(vii) Computer control system
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Fig. 19.17 A Typical FMS
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The automatic guided vehicle takes the palletized workpieces from the palletizing
station to the work centre. The guidance of the AGV is carried out through cables laid
on the shop floor. The transfer of the palletized work from the AGV is effected through
a special pallet changer device located in front of each of the machine tool.

19.11 FMS DEVELOPMENT IN INDIA

Because of the high cost in FMS, Indian manufacturers have not evinced much interest
in the total adoption of this technology. The first unit of this type was established at the
Heavy Alloy Penetrator Project (HAPP) at Trichy in South India during late 80’s. This unit
has all the facilities of a FMS. Part of the equipment was manufactured at HMT and the
installation of the factory was done by erstwhile HMT CIM division. Subsequently a number
of flexible turning cells have been set up by manufacturing industries in different parts
of the country. FMS as a whole is not very popular today because of its high cost and the
time taken to design and install one. However, the principles of FMS are quite relevant
and are being widely followed for achieving global competitiveness.

QUESTIONS

1. Discuss the need for flexibility in manufacturing in the present manufacturing
scenario.

2. Compare FMS with transfer lines and CNC on the basis of volume and variety
of parts produced.

3. What is a FMC? How does FMC ensure flexibility in manufacturing?
4. How does a turning centre differ from an FMC?
5. Describe the essential elements of a flexible turning cell.
6. Describe the additional subsystems that make a machining centre a flexible

machining system.
7. What are the various innovations introduced in tooling for flexible manufacturing

systems?
8. How is tool life monitored in FMS?
9. Discuss the importance of in-process monitoring of workpiece quality in FMS.

10. What are the benefits of FMS?
11. Discuss the relevance of FMS from the point of view of work centre utilization.
12. Describe the principle of an automated storage and retrieval system.
13. What are the major elements of FMS?
14. Discuss the importance of materials handling system in FMS.
15. Describe the types of materials handling devices used in a FMS.
16. How is an FMS optimized?
17. What are the different types of data associated with FMS?
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18. How are jobs scheduled in FMS?
19. Discuss the importance of palletizing.
20. How is NC program management effected in a FMS?
21. Discuss how the jobs are scheduled in a FMS.
22. Sketch the layout of a typical FMS and explain the important subsystems.
23. Compare the merits and demerits of a RGV and an AGV.
24. Discuss tool management in relation to the operation of a FMS.
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CAD/CAM 

 

CAD/CAM  is a term which means computer-aided  design  and computer- aided 

manufacturing. It is the technology concerned with the use of digital computers to perform certain 

functions in design and production. This technology is moving in the direction of greater 

integration of design and manufacturing, two activities which have traditionally been treated as 

distinct and separate functions in a production firm. Ultimately, CAD/CAM will provide the 

technology base for the computer-integrated factory of the future. 

 

Computer-aided  design  (CAD)  can  be  defined  as  the  use  of  computer systems to 

assist in the creation, modification, analysis, or optimization of a design. The  computer   

systems  consist   of  the  hardware   and  software   to  perform  the specialized design functions 

required by the particular user firm. The CAD hardware typically includes the computer, one or 

more graphics display terminals, keyboards, and  other  peripheral  equipment.  The  CAD  

software  consists  of  the  computer programs to implement computer graphics on the system 

plus application programs to facilitate the engineering functions of the user company. Examples 

of these application programs include stress-strain analysis of components, dynamic response of 

mechanisms, heat-transfer calculations, and numerical control part programming. The  collection  

of application  programs  will  vary from  one  user  firm  to the  next because their product lines, 

manufacturing processes, and customer markets are different. These factors give rise to differences 

in CAD system requirements. 

 

Computer-aided   manufacturing   (CAM)  can  be  defined  as  the  use  of computer 

systems  to plan, manage, and control the operations  of a manufacturing plant through either 

direct or indirect computer interface with the plant's production resources. As indicated by the 

definition, the applications of computer-aided manufacturing fall into two broad categories: 

1. Computer monitoring  and control. These are the direct applications in which the 

computer is connected directly to the manufacturing process for the purpose of 

monitoring or controlling the process. 

 

CAD/CAM
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2. Manufacturing support applications. These are the indirect applications in which the 

computer is used in support of the production operations in the plant, but there is no 

direct interface between the computer and the manufacturing process. 

 

The   distinction   between   the   two   categories   is   fundamental   to   an understanding 

of computer-aided manufacturing. It seems appropriate to elaborate on our brief definitions of the 

two types. 

 

Computer   monitoring   and   control   can   be   separated   into   monitoring applications 

and control applications. Computer process monitoring involves a direct computer interface with 

the manufacturing process for the purpose of observing the process  and  associated   equipment   

and  collecting   data  from  the  process.   The computer is not used to control the operation  

directly.  The control of the process remains in the hands of human operators,  who may be 

guided by the information compiled by the computer. 

 

Computer process control goes one step further than monitoring by not only observing  

the  process  but  also  controlling  it  based  on  the  observations.   The distinction  between  

monitoring  and control  is displayed  in Figure.  With computer monitoring the flow of data 

between the process and the computer is in one direction only, from the process to the computer. 

In control, the computer interface allows for a two-way flow of data. Signals are transmitted 

from the process to the computer, just as in the case of computer monitoring. In addition, the 

computer issues command signals directly to the manufacturing process based on control 

algorithms contained in its software. 

 

In addition to the applications involving a direct computer-process interface for the purpose  of  

process  monitoring  and  control,  computer-aided  manufacturing  also includes  indirect  

applications  in which  the  computer  serves  a support  role in the manufacturing  operations  of  

the  plant.  In  these  applications,  the  computer  is  not linked directly to the  manufacturing  

process.  
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Computer monitoring versus computer control: 

(a) computer monitoring,  (b) computer control. 

 

Instead, the computer is used "off-line" to provide  plans, schedules, forecasts, 

instructions, and information by which the firm's production resources can be managed more 

effectively. The form of the relationship between the computer and the process is represented 

symbolically in Figure. Dashed lines are used to indicate that the communication and control 

link is an off-line connection, with human beings often   required   to   consumate   the   

interface.   Some   examples   of   CAM   for manufacturing support that are discussed in 

subsequent chapters of this book include: 
 

Numerical control part programming by computers. Control programs are prepared for 

automated machine tools. 
 

Computer-automated process planning. The computer prepares a listing of the operation 

sequence required to process a particular product or component. 
 

Computer-generate work standards. The computer determines the time standard for a 

particular production operation. 
 

Production  scheduling.  The computer determines  an appropriate  schedule for meeting 

production requirements. 
 

Material requirements planning. The computer is used to determine when to order raw 

materials and purchased components and how many should be ordered to achieve the production 

schedule. 
 

Shop floor control.  In this CAM application,  data are collected from the factory to 

determine progress of the various production shop orders. 
 

In  all  of  these  examples,  human  beings  are  presently  required  in  the  application either to 

provide input to the computer programs or to interpret the computer output and implement the 

required action. 

 

 
 

CAM for manufacturing support. 

 
  

87 / 138



 

THE PRODUCT CYCLE AND CAD/CAM 
 

For the reader to appreciate the scope of CAD/CAM in the operations of a manufacturing 

firm, it is appropriate to examine the various activities and functions that must be accomplished 

in the design and manufacture of a product. We will refer to these activities and functions as the 

product cycle. 

 

A diagram  showing the various steps in the product cycle is presented in Figure. The 

cycle is driven by customers and markets which demand the product. It is realistic to think of 

these as a large collection of diverse industrial and consumer markets  rather than one monolithic  

market.  Depending  on the particular  customer group, there will be differences in the way the 

product cycle is activated. In some cases, the design functions are performed by the customer and 

the product is manufactured by a different firm. In other cases, design and manufacturing is 

accomplished by the same firm. Whatever the case, the product cycle begins with a concept,  an  

idea  for  a  product.  This  concept  is  cultivated,  refined,  analyzed, improved, and translated into 

a plan for the product through the design engineering process. The plan is documented by drafting 

Ii set of engineering drawings showing how the product is made and providing  a set of 

specifications  indicating  how the product should perform. 

 

Except   for   engineering   changes   which   typically   follow   the   product throughout  its life 

cycle,  this completes  the design  activities  in Figure.  The  next activities involve the 

manufacture of the product. A process plan is formulated which 

specifies the sequence of production operations required to make the product. New equipment  and  

tools  must  sometimes  be  acquired  to  produce  the  new  product. Scheduling provides a plan 

that commits the company to the manufacture of certain quantities of the product by certain dates. 

Once all of these plans are formulated, the product  goes  into  production,  followed  by  quality  

testing,  and  delivery  to  the customer. 
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PRODUCT CYCLE IN CONVENTIONAL ENVIRONMENT 
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PRODUCT CYCLE IN AN COMPUTERISED 

ENVIRONMENT 
 

 
Product cycle (design and manufacturing). 

 
The impact of CAD/CAM is manifest in all of the different activities in the product cycle, as 

indicated in Figure. Computer-aided design and automated drafting are utilized in the 

conceptualization, design, and documentation of the product. Computers are used in process 

planning and scheduling to perform these functions more efficiently. Computers are used in 

production to monitor and control the manufacturing   operations.   In   quality   control,   

computers   are   used   to   perform inspections and performance tests on the product and its 

components. 

 

As  illustrated  in  Figure,  CAD/CAM  is  overlaid  on  virtually  all  of  the activities and 

functions of the product cycle. In the design and production operations of a modem 

manufacturing firm, the computer has become a pervasive, useful, and indispensable  tool.  It  is  
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strategically  important  and  competitively  imperative  that manufacturing   firms   and   the   

people   who  are  employed   by  them  understand CAD/CAM. 

 

AUTOMATION AND CAD/CAM 
 

Automation is defined as the technology concerned with the application of 

complex  mechanical,  electronic,  and computer-based  systems in the operation  and 

control of production.  It is the purpose of this section to establish the relationship 

between CAD/CAM and automation. 

 

As  indicated  in  previous  Section,  there  are  differences  in  the  way  the 

product cycle is implemented for different firms involved in production. Production 

activity can be divided into four main categories: 

 

l. Continuous-flow  processes 

 
2. Mass production of discrete products 

 
3. Batch production 

 
4. Job shop production  

 

The  definitions  of the four types  are  given  in Table.  The     relationships among the 

four types in terms of product variety and production quantities can be conceptualized 

as shown in Figure. There is some overlapping of the categories as the figure 

indicates.  Table provides  a list of some of the notable achievements  in automation 

technology for each of the four production types. 

 

One  fact  that  stands  out  from  Table  is  the  importance   of  computer 

technology in automation.  Most of the automated production systems implemented 

today make  use of computers.  This connection  between  the digital  computer  and 

manufacturing  automation  may seem perfectly logical to the reader. However,  this 

logical connection has not always existed. For one thing, automation technology 
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TABLE   Four Types of Production 
 

Category Description 

l. Continuous-flow  processes 
 
 
 
 
 
2.    Mass    production    of    discrete 

products 
 

 
 
 

3. Batch production 

Continuous dedicated production of large 

amounts of bulk product. Examples include 

continuous chemical  plants and        oil 

refineries 

Dedicated production  of large quantities of 

one product (with perhaps limited model 

variations). Examples include automobiles, 

appliances, and engine blocks. 

Production of medium lot sizes of the same 

product or component. The lots may be 

produced once or repeated periodically. 

Examples   include   books,   clothing,   and 

certain industrial machinery. 

4. Job shop production Production of low quantities, often one of a 

kind, of specialized  products. The products 

are often customized and technologically 

complex. Examples include prototypes, 

aircraft,  machine  tools,  and  other 

equipment. 

 
 

Four production types related to quantity and product variation 
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TABLE  Automation Achievements for the Four Types of Production 
 

 

Category 
 

Automation achievements 

l. Continuous-flow 

processes 

Flow process from beginning to end 
 

Sensor technology available to measure important process 

variables 
 

Use of sophisticated control and optimization strategies 
 

Fully computer-automated plants 

2. Mass production 
 

of discrete products 

Automated transfer machines 
 

Dial indexing machines 
 

Partially and fully automated assembly lines 
 

Industrial robots for spot welding, parts handling, machine 

loading, spray painting, etc. 

 
Automated materials handling systems 

 

Computer production monitoring 

3. Batch production Numerical control (NC), direct numerical control (DNC), 

computer numerical control (CNC) 
 

Adaptive control machining 
 

Robots for arc welding, parts handling, etc. 

Computer-integrated manufacturing systems 

4. Job shop production Numerical control, computer numerical control 

 

 

FUNDAMENTALS OF CAD 
 

INTRODUCTION 
 

The computer has grown to become essential in the operations of business, 

government, the military, engineering, and research. It has also demonstrated itself, 

especially in recent years, to be a very powerful tool in design and manufacturing. In 

this  and  the  following  two  chapters,  we  consider  the  application  of  computer 

technology  to  the  design  of  a  product.  This  secton  provides  an  overview  of 

computer-aided design. 

 

The CAD system defined 
 

As defined in previous section, computer-aided design involves any type of 

design activity which makes use of the computer to develop, analyze, or modify an 

93 / 138



 

engineering design. Modem CAD systems (also often called CAD/CAM systems) are 

based on interactive computer graphics (ICG).Interactive computer graphics denotes a 

user-oriented system in which the computer is employed to create, transform, and 

display data in the form of pictures or symbols. The user in the computer graphics 

design  system  is  the  designer,  who  communicates  data  and  commands  to  the 

computer through any of several input devices. The computer communicates with the 

user via a cathode ray tube (CRT). The designer creates an image on the CRT screen 

by  entering  commands  to  call  the  desired  software  sub-routines  stored  in  the 

computer. In most systems, the image is constructed out of basic geometric elements- 

points, lines, circles, and so on. It can be modified according to the commands of the 

designer- enlarged, reduced in size, moved to another location on the screen,  rotated,  

and other transformations. Through these various manipulations, the required details 

of the image are formulated. 

 

The typical ICG system is a combination  of hardware and software. The 

hardware includes a central processing unit, one or more workstations (including the 

graphics  display  terminals),  and peripheral  devices  such as  printers.  Plotters,  and 

drafting equipment. Some of this hardware is shown in Figure. The software consists 

of the computer programs needed to implement graphics processing on the system. 

The   software   would   also   typically   include   additional   specialized   application 

programs  to accomplish  the particular  engineering  functions  required  by the  user 

company. 

 

It is important to note the fact that the ICG system is one component of a 

computer-aided design system. As illustrated in Figure, the other major component is 

the human designer. Interactive computer graphics is a tool used by the designer to 

solve  a  design  problem.  In  effect,  the  ICG  system  magnifies  the  powers  of  the 

designer. This bas been referred to as the synergistic effect. The designer performs 

the portion of the design process that is most suitable to human intellectual  skills 

(conceptualization,  independent  thinking);  the  computer  performs  the  task:  best 

suited  to  its  capabilities  (speed  of  calculations,  visual  display,  storage  of  large 

8IWWIts of data), and the resulting system exceeds the sum of its components. 

 
There are several fundamental reasons for implementing a computer-aided 

design system. 
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l.  To increase  the productivity  of the designer.  This  is accomplished  by 

helping the designer to the product and its component subassemblies and parts; and 

by  reducing  the  time  required  in  synthesizing,  analyzing,  and  documenting  the 

design. This productivity improvement translates not only into lower design cost but 

also into shorter project completion times. 

 

2.  To  improve  the  quality  of  design.  A  CAD  system  permits  a  more 

thorough  engineering  analysis  and  a larger  number  of  design  alternatives  can  be 

investigated. Design errors are also reduced through the greater accuracy provided by 

the system. These factors lead to a better design. 

 

3.  To  improve  communications.  Use  of  a  CAD  system  provides  better  

engineering drawings, more standardization in the drawings, better documentation of 

the design, fewer drawing errors and greater legibility. 

 

4. To create a database for manufacturing.  In the process  of creating  the 

documentation for the product design (geometries and dimensions of the product and 

its components, material specifications for components, bill of materials, etc.), much 

of the required database to manufacture the product is also created. 

 

THE DESIGN PROCESS 
 

Before examining the several facets of computer-aided  design, let us first 

consider   the  general   design   process.   The  process   of  designing   something   is 

characterized by Shigley as an iterative procedure, which consists of six identifiable 

steps or phases:- 

 

l. Recognition  of need 
 

2. Definition of problem 

 
3. Synthesis 

 
4. Analysis and optimization 

 
5. Evaluation 

 
6. Presentation 

 
Recognition  of need  involves  the  realization  by someone  that  a problem 

exists  for  which  some  corrective  action  should  be  taken.  This  might  be  the 

identification  of  some  defect  in a current  machine  design  by an  engineer  or the 

perception of a new product marketing opportunity by a salesperson. Definition  of 
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the problem involves a thorough specification of the item to be designed. This 

specification  includes  physical  and  functional  characteristics,  cost,  quality,  and 

operating performance. 

 

Synthesis  and  analysis  are  closely  related  and  highly  interactive  in  the 

design process. A certain component or subsystem of the overall system is 

conceptualized by the designer, subjected to analysis, improved through this analysis 

procedure,  and  redesigned.  The  process  is  repeated  until  the  design  has  been 

optimized  within  the  constraints  imposed  on  the  designer.  The  components  and  

subsystems are synthesized into the final overall system in a similar interactive 

manner. 

 

Evaluation is concerned with measuring the design against the specifications 

established  in  the  problem  definition  phase.  This  evaluation  often  requires  the 

fabrication and testing of a prototype model to assess operating performance, quality, 

reliability, and other criteria. The final phase in the design process is the presentation 

of the design.  This  includes  documentation  of the design  by means  of drawings, 

material specifications, assembly lists, and so on. Essentially, the documentation 

requires that a design database be created. Figure illustrates  the basic steps in the 

design process, indicating its iterative nature.   

 

 
 

 
The general design process as defined by Shigley .
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Engineering design has traditionally been accomplished on drawing boards, with the 

design being documented in the form of a detailed engineering drawing. Mechanical 

design includes the drawing of the complete product as well as its components and 

subassemblies,  and  the  tools  and  fixtures  required  to  manufacture  the  product. 

Electrical design is concerned with the preparation of circuit diagrams, specification 

of electronic components,  and so on. Similar manual documentation  is required in 

other   engineering   design   fields   (structural   design,   aircraft   design,   chemical 

engineering   design,   etc.).   In   each   engineering   discipline,   the   approach   has 

traditionally been to synthesize  a preliminary design manually and then to subject 

that design to some form of analysis. The analysis may involve sophisticated 

engineering calculations or it may involve a very subjective judgment of the aesthete 

appeal   possessed   by   the   design.   The   analysis   procedure   identifies   certain 

improvements  that can he made in the design. As stated previously,  the process is 

iterative. Each iteration yields an improvement in the design. The trouble with this 

iterative  process  is  that  it  is  time  consuming.  Many  engineering  labor  hours  are 

required to complete the design project. 

 

THE APPLICATION OF COMPUTERS FOR DESIGN 
 

The various design-related tasks which are performed by a modem 

computer-aided design-system can be grouped into four functional areas: 

 

l. Geometric modeling 
 

2. Engineering analysis 

 
3. Design review and evaluation 

 
4. Automated drafting 

 
These four areas correspond  to the final four phases  in Shigley's  general 

design   process,   illustrated   in  Figure.   Geometric   modeling   corresponds   to  the 

synthesis phase in which the physical design project takes form on the ICG system. 

Engineering analysis corresponds to phase 4, dealing with analysis and optimization. 

Design review and evaluation is the fifth step in the general design procedure. 

Automated  drafting  involves  a  procedure  for  converting  the  design  image  data 

residing in computer memory into a hard-copy document. It represents an   important
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method for presentation (phase 6) of the design. The following four sections explore 

each of these four CAD functions. 

 

Geometric modeling 

In  computer-aided   design,   geometric   modeling   is  concerned   with  the 

computer-compatible  mathematical  description  of  the  geometry  of  an object.  The 

mathematical  description  allows  the  image  of  the  object  to  be  displayed  and 

manipulated  on  a  graphics  terminal  through  signals  from  the  CPU  of  the  CAD 

system. The software that provides geometric modeling capabilities must be designed 

for efficient use both by the computer and the human designer. 

 

 
 
 
 
 

To use geometric modeling, the designer constructs, the graphical image of 

the  object  on  the  CRT  screen  of  the  ICG  system  by  inputting  three  types     of
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commands  to the computer.  The first type of command  generates  basic geometric 

elements  such as points,  lines,  and circles.  The second command  type is used to 

accomplish  scaling,  rotating,  or other transformations  of these elements.  The third 

type of command causes the various elements to be joined into the desired shape of 

the object being creaed on the ICG system. During the geometric modeling process, 

the computer  converts  the commands  into a mathematical  model,  stores  it in the 

computer data files, and displays it as an image on the CRT screen. The model can 

subsequently be called from the data files for review, analysis, or alteration. 

 

There are several different methods of representing the object in geometric 

modeling. The basic form uses wire frames to represent the object. In this form, the 

object  is  displayed  by  interconnecting  lines  as  shown  in  Figure.  Wire  frame 

geometric modeling is classified into three types depending on the capabilities of the 

ICG system. The three types are: 

 

l. 2D. Two-dimensional representation  is used for a flat object. 

 
2.  2½D.  This  goes  somewhat  beyond  the  2D  capability  by permitting  a 

three-dimensional object to be represented as long as it has no side-wall details. 

 

3. 3D. This allows for full three-dimensional  modeling of a more complex 

geometry.  

 
 

Example of wire-frame drawing of a part. 

99 / 138



 
 

 
 

 
Even three-dimensional wire-frame representations of an object are sometimes 

inadequate for complicated shapes. Wire-frame models can be enhanced by several 

different methods.  Figure shows the same object shown in the previous figure but 

with two possible improvements. lbe first uses dashed lines to portray the rear edges 

of  the  object,   those  which  would  be  invisible   from  the  front.  lbe      second 

enhancement  removes  the hidden lines completely,  thus providing  a less cluttered 

picture of the object for the viewer. Some CAD systems have an automatic "hidden- 

line removal feature," while other systems require the user to identify the lines that 

are  to  be  removed  from  view.  Another  enhancement  of  the  wire-frame  model 

involves providing a surface representation which makes the object appear solid to 

the viewer. However, the object is still stored in the computer as a wire-frame model. 

 
 

Same workpart as shown in Figure 4.4 but with (a) dashed lines lO show rear edges 

of part, and (b) hidden-line removal. (Courtesy of Computervision Corp.) 
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Solid model of yoke part as displayed on a computer graphics system. (Courtesy of 
 

Computervision Corp.) 

 
The  most  advanced  method  of  geometric  modeling  is  solid  modeling  in 

three dimensions.  This method, illustrated in Figure, typically uses solid geometry 

shapes called primitives to construct the object.  

Another  feature  of  some  CAD  systems  is  color  graphics  capability.  By 

means of colour, it is possible to display more information on the graphics screen. 

Colored images help to clarify components in an assembly, or highlight dimensions, 

or a host of other purposes. 

 

Engineering analysis 
 

In the formulation of nearly any engineering design project, some type of 

analysis is required. The analysis may involve stress-strain calculations, heat-transfer 

computations, or the use of differential equations to describe the dynamic behavior of 

the system being designed. The computer can be used to aid in this analysis work. It 

is often necessary that specific programs be developed internally by the engineering 

analysis group to solve a particular design problem. In other situations, commercially 

available general-purpose programs can be used to perform the engineering analysis. 

 

Turnkey   CAD/CAM   systems   often   include   or   can   be   interfaced   to 

engineering analysis software which can be called to operate on the current design 

model. 
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We discuss two important examples of this type: 

Analysis of mass properties 

Finite-element analysis 

 
The analysis of mass properties is the analysis feature of a CAD system that 

has probably the widest application.  It provides  properties  of a solid object being 

analyzed, such as the surface area, weight, volume, center of gravity, and moment of 

inertia. For a plane surface (or a cross section of a solid object) the corresponding 

computations include the perimeter, area, and inertia properties. 

 

Probably the most powerful analysis feature of a CAD system is the finite- 

element method. With this technique,  the object is divided into a large number of 

finite   elements   (usually   rectangular    or   triangular    shapes)   which   form   an 

interconnecting network of concentrated nodes. By using a computer with significant 

computational  capabilities,  the entire Object can be analyzed for stress-strain,  heat 

transfer, and other characteristics by calculating the behavior of each node. By 

determining the interrelating behaviors of all the nodes in the system, the behavior of 

the entire object can be assessed. 

 
Some CAD systems have the capability to define automatically the nodes 

and  the  network  structure  for  the  given  object.  lbe  user  simply  defines  certain 

parameters  for the finite-element  model,  and  the  CAD  system  proceeds  with  the 

computations. 

 

The  output  of  the  finite-element  analysis  is  often  best  presented  by  the 

system in graphical format on the CRT screen for easy visualization by the user, For 

example, in stress-strain analysis of an object, the output may be shown in the form 

of a deflected shape superimposed  over the unstressed object. This is illustrated in 

Figure.  Color  graphics  can also be used to accentuate  the comparison  before and 

after deflection of the object. This is illustrated in Figure for the same image as that 

shown in Figure . If the finite-element  analysis  indicates  behavior  of the    design 

which is undesirable,  the designer can modify the shape and recompute the finite- 

element analysis for the revised design. 
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Finite-element modeling for stress-strain analysis. Graphics display shows strained 

part superimposed on unstrained part for comparison. 

 

Design review and evaluation 
 

Checking the accuracy of the design can be accomplished conveniently on 

the graphics terminal. Semiautomatic  dimensioning  and tolerancing routines which 

assign  size  specifications  to  surfaces  indicated  by  the  user  help  to  reduce  the 

possibility of dimensioning errors. The designer can zoom in on part design details 

and magnify the image on the graphics screen for close scrutiny. 

 
A procedure called layering is often helpful in design review. For example, 

a good application of layering involves overlaying the geometric image of the final 

shape of the machined part on top of the image of the rough casting. This ensures 

that sufficient material is available on the casting to acccomplish the final machined 

dimensions. This procedure can be performed in stages to check each successive step 

in the processing of the part. 

 

Another related procedure for design review is interference checking. This 

involves  the  analysis  of  an  assembled  structure  in  which  there  is a  risk  that  the 

components  of the assembly may occupy the same space. This risk occurs in the 

design  of large  chemical  plants,  air-separation  cold  boxes,  and other complicated 

piping structures. 

 

One of the most interesting evaluation features available on some computer- 

aided design systems is kinematics.  The available kinematics packages provide the 

capability  to animate  the  motion  of  simple  designed  mechanisms  such  as  hinged 
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components and linkages. This capability enhances the designer‗s visualization of the 

operation of the mechanism and helps to ensure against interference with other 

components.  Without graphical kinematics on a CAD system, designers must often 

resort   to   the   use   of   pin-and-cardboard   models   to   represent   the   mechanism. 

commercial software packages are available to perform kinematic analysis. Among 

these are programs such as ADAMS (Automatic  Dynamic Analysis of Mechanical 

Systems), developed at the University of Michigan. This type of program can be very 

useful  to  the  designer  in  constructing  the  required  mechanism  to  accomplish  a 

specified motion and/or force. 

 

Automated drafting 

Automated   drafting   involves   the   creation   of   hard-copy   engineering 

drawings  directly from the CAD data base.  In some early computer-aided  design 

departments,    automation    of   the   drafting   process   represented    the   principal 

justification  for investing  in the CAD system.  Indeed,  CAD systems  can increase 

productivity in the drafting function by roughly five times over manual drafting. 

 

Some of the graphics features of computer-aided design systems lend  them-  

selves especially well to the drafting process. These features include automatic 

dimensioning, generation of crosshatched areas, scaling of the drawing, and the 

capability to develop sectional views and enlarged views of particular path details. 

The ability to rotate the part or to perform other transformations of the image (e.g., 

oblique,  isometric,   or  perspective   views),  as  illustrated   in  Figure,   can  be  of 

significant  assistance in drafting. Most CAD systems are capable of generating as 

many  as  six  views  of  the  part.  Engineering  drawings  can  be  made  to adhere  to 

company  drafting standards  by programming  the standards  into the CAD  system. 

Figure shows an engineering drawing with four views displayed. This drawing was 

produced  automatically  by  a  CAD  system.  Note  how  much  the  isometric  view 

promotes a higher level of understanding  of the object for the user than the three 

orthographic views. 

 

Parts classification and coding 

In addition to the four CAD functions described above, another feature of 

the CAD data base is that it can be used to develop a parts classification and coding 

system. Parts classification and coding involves the grouping of similar part designs 

into classes, and relating the similarities by mean of a coding scheme. Designers can 
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use the classification and coding system to retrieve existing part designs rather than 

always redesigning new parts. 

 

CREATING THE MANUFACTURING DATA BASE 
 

Another important reason for using a CAD system is that it offers the 

opportunity to develop the data base needed to manufacture the product. In the 

conventional   manufacturing   cycle   practiced   for   so   many   years   in   industry, 

engineering drawings were prepared by design draftsmen and then used by 

manufacturing  engineers to develop the process plan (i.e., the "route sheets"). The 

activities  involved  in  designing  the  product  were  separated  from  the  activities 

associated with process planning. Essentially,  a two-step procedure was employed. 

This  was  both  time  consuming  and  involved  duplication  of effort  by design  and 

manufacturing  personnel.  In  an  integrated  CAD/CAM  system,  a  direct  link  is 

established between product design and manufacturing: It" is the goal of CAD/CAM 

not only to automate certain phases of design and certain phases of manufacturing,  

but also to automate  the transition  from design to manufacturing.  Computer-based 

systems  have  been  developed  which  create  much  of  the  data  and  documentation 

required to plan and manage the manufacturing operations for the product. 

 

The  manufacturing  data  base  is  an  integrated  CAD/CAM  data  base.  It 

includes all the data on the product generated during design (geometry data, bill of 

materials  and  parts  lists,  material  specifications,  etc.)  as  well  as  additional  data 

required for manufacturing much of which is based Oll the product design. Figure 

4.lO shows how the CAD/CAM data base is related to design and manufacturing in a 

typical production-oriented company. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE  Desirable relationship of CAD/CAM data base to CAD and CAM. 
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BENERTS OF COMPUTER-AIDED DESIGN 

 
There are many benefits of computer-aided design, only some of which can 

be easily measured. Some of the benefits are intangible, reflected in improved work 

quality, more pertinent and usable information, and improved control, all of which 

are difficult to quantify. Other benefits are tangible, but the savings from them show 

up far downstream in the production process, so that it is difficult to assign a dollar 

figure  to  them  in  the  design  phase.  Some  of  the  benefits  that  derive  from 

implementing CAD/CAM can be directly measured. Table   provides a checklist of 

potential benefits of an integrated CAD/CAM system. In the subsections that follow, 

we elaborate on some of these advantages. 

 

Productivity improvement in design 

Increased  productivity  translates  into a more  competitive  position  for the 

firm because it will reduce staff requirements on a given project. This leads to lower 

costs in addition to improving response time on projects with tight schedules. 

 

Surveying some of the larger CAD/CAM vendors, one finds that the 

Productivity improvement ratio for a designer/draftsman is usually given as a range, 

typically from a low end of 3: l to a high end in excess of lO: l (often far in excess 

of that figure). There are individual cases in which productivity has been increased 

by a factor of lOO, but it would be inaccurate to represent that figure as typical. 

 

TABLE  Potential  Benefits  That May Result from implementing  CAD as 

Part of an Integrated CAD/CAM System. 
 

l. Improved engineering  productivity 

2. Shorter lead times 

3. Reduced engineering personnel requirements 

4. Customer modifications are easier to make 

5. Faster response to requests for quotations 

6. Avoidance of subcontracting to meet schedules 

7. Minimized transcription errors 

8. Improved accuracy of design 

9. In analysis, easier recognition of component interactions 

lO. Provides better functional analysis to reduce prototype testing 

ll. Assistance in preparation of documentation 

l2. Designs have more standardization 

l3. Better designs provided 

106 / 138



 
 

l4. Improved productivity  in tool design 

l5. Better knowledge of costs provided 

l6. Reduced training time for routine drafting tasks and NC part 

programming 

l7. Fewer errors in NC part programming 

l8. Provides the potential for using more existing parts and tooling 

l9. Helps ensure designs are appropriate to existing manufacturing 

techniques 

20. Saves materials and machining time by optimization algorithms  

21. Provides operational results on the status of work in progress 

22.  Makes  the  management   of  design  personnel   on  projects  more 
effective 

 23. Assistance in inspection of complicated parts 

24. Better communication interfaces and greater understanding among 

engineers, designers, drafters, management, and different project 

groups. 
 

Productivity improvement in computer-aided design as compared to the 

traditional design process is dependent on such factors as: 

 

Complexity of the engineering drawing 
 

Level of detail required in the drawing 
 

Degree of repetitiveness in the designed parts 
 

Degree of symmetry in the parts 

 
Extensiveness of library of commonly used entities 

 
As each of these factors is increased.  the productivity advantage of CAD 

 

will tend to increase 

 
Shorter lead times 

 

Interactive  computer-aided  design  is inherently  faster  than  the traditional 

design. It also speeds up the task of preparing reports and lists (e.g., the assembly 

lists) which are normally accomplished manually. Accordingly, it is possible with a 

CAD system  to produce  a finished  set of component  drawings  and the associated 

reports in a relatively short time. Shorter lead times in design translate into shorter 

elapsed time between receipt of a customer order and delivery of the final product. 

The  enhanced  productivity  of designers  working  with  CAD  systems  will  tend  to 

reduce the prominence of design, engineering analysis, and drafting as critical time 

elements in the overall manufacturing lead time. 
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Design analysis 
 

The design analysis routines available in a CAD system help to consolidate 

the design process into a more logical work pattern. Rather than having a back- and- 

forth exchange between design and analysis groups, the same person can perform the 

analysis  while   remaining   at   a  CAD  workstation.   This  helps   to  improve    the  

concentration of designers, since they are interacting with their designs in a real-time 

sense. Because of this analysis capability, designs can be created which are closer to 

optimum.  There  is  a  time  saving  to  be  derived  from  the  computerized  analysis 

routines, both in designer time and in elapsed time. This saving results from the rapid 

response of the design analysis and from the tune no longer lost while the design 

finds its way from the designer's drawing board to the design analyst's queue and 

back again. 

 

Fewer design errors 

Interactive CAD systems provide an intrinsic capability for avoiding design, 

drafting,  and documentation  errors.  Data entry, transposition,  and extension  errors 

that occur quite naturally during manual data compilation for preparation of a bill of 

materials are virtually eliminated. One key reason for such accuracy is simply that 

 

No manual handling of information is required once the initial drawing has 

been developed. Errors are further avoided because interactive CAD systems perform 

time-consuming  repetitive  duties such as multiple symbol placement,  and sorts by 

area and by like item, at high speeds with consistent and accurate results. Still more 

errors can be avoided because a CAD system, with its interactive capabilities, can be 

programmed to question input that may be erroneous. For example, the system might 

question a tolerance of O.OOOO2 in. It is likely that the user specified too many zeros. 

The  success  of  this  checking  would  depend  on  the  ability  of  the  CAD  system 

designers  to  determine  what  input  is  likely  to  be  incorrect  and  hence,  what  to 

question. 

 

Greater accuracy in design calculations 
 

There is also a high level of dimensional control, far beyond the levels of 

accuracy  attainable  manually.  Mathematical  accuracy  is  often  to  l4  significant 

decimal places. The accuracy delivered by interactive CAD systems in three- 

dimensional   curved  space  designs  is  so  far  behind  that  provided  by  manual 

calculation methods that there is no real comparison. 
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Computer-based  accuracy pays off in many ways. Parts are labeled by the 

same recognizable nomenclature and number throughout all drawings. In some CAD 

systems,  a  change  entered  on  a  single  item  can  appear  throughout  the      entire  

documentation package, effecting the change on all drawings which utilize that part. 

The accuracy also shows up in the form of more accurate material and cost estimates 

and tighter  procurement  scheduling.  These items  are especially  important  in such 

cases as long-lead-time material purchases. 

 

Standardization of design, drafting, and documentation procedures 
 

The single data base and operating system is common to all workstations in 

the CAD system: Consequently, the system provides a natural standard for 

design/drafting  procedure  -With  interactive  computer-aided  design,  drawings  are 

 standardized   as they are drawn;  there  is no confusion  as to  proper  procedures 

because the entire format is "built into" the system program. 

 

Drawings are more understandable 

Interactive CAD is equally adept at creating and maintaining isometrics and 

oblique drawings as well as the simpler orthographies. All drawings can he generated 

and updated with equal ease. Thus an up-to-date  version of any drawing type can 

always he made available. 

 

 
 

FIGURE Improvement in visualization of images for various drawing types and 

computer graphics features.
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In  general,  ease  of  visualization   of  a  drawing  relates  directly  to  the 

projection used. Orthographic views are less comprehensible than isometrics. An 

isometric view is usually less understandable  than a perspective  view. Most actual 

construction drawings are "line drawings." The addition of shading increases 

comprehension.  Different  colors further enhance  understanding.  Finally,  animation 

of the images on the CRT screen allows for even greater visualization capability. The 

various relationships are illustrated in Figure.. 

 

Improved procedures for engineering changes 
 

Control   and   implementation   of   engineering   changes   is   significantly 

improved  with computer-aided  design. Original drawings and reports are stored in 

the data base of the CAD system. This makes them more accessible than documents 

kept in a drawing vault. They can be quickly checked against new information. Since 

data storage is extremely compact, historical information from previous drawings can 

be easily retained in the system's data base, for easy comparison with current 

design/drafting needs. 

 

Benefits in manufacturing 
 

The benefits  of computer-aided  design  carry over into manufacturing.  As 

indicated  previously,  the  same  CAD/CAM  data  base  is  used  for  manufacturing 

planning and control, as well as for design. These manufacturing benefits are found 

in the following areas: 

 

Tool and fixture design for manufacturing 

Numerical control part programming 

Computer-aided process planning 

Assembly lists (generated by CAD) for production 

 
Computer-aided inspection 

 
Robotics planning 

 
Group technology 

 
Shorter manufacturing lead times through better scheduling
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These benefits  are derived largely from the CAD/CAM  data base, whose 

initial framework is established during computer-aided  design. We will discuss the 

many facets of computer-aided manufacturing in later chapters. In the remainder of 

this  chapter,  let  us  explore  several  applications  that  utilize  computer  graphics 

technology to solve various problems in engineering and related fields. 

 

HARDWARE IN COMPUTER-AIDED DESIGN 
 

INTRODUCTION 
 

Hardware components for computer-aided design are available in a variety 

of sizes, configurations, and capabilities. Hence it is possible to select a CAD system 

that meets the particular computational and graphics requirements of the user firm. 

Engineering firms that are not involved in production would choose a system 

exclusively  for  drafting  and  design-related  functions.  Manufacturing  firms  would 

choose a system to be part of a company-wide  CAD/CAM  system. Of course, the 

CAD hardware is of little value without the supporting software for the system, and 

we shall discuss the software for computer-aided design in the following chapter. 

 

a modem computer-aided  design  system  is based on interactive  computer 

graphics  (ICG).  However,   the  scope  of  computer-aided   design  includes  other 

computer systems as well. For example, computerized design has also been 

accomplished  in a batch mode,  rather than interactively.  Batch design  means  that 

data are supplied to the system (a deck of computer cards is traditionally used for this 

purpose)  and  then  the  system  proceeds  to develop  the  details  of the  design.  The 

disadvantage of the batch operation is that there is a time lag between when the data 

are  submitted  and  when  the  answer  is  received  back  as  output.  With  interactive 

graphics, the system provides an immediate response to inputs by the user. The user 

and  the  system  are  in  direct  communication  with  each  other,  the  user  entering 

commands and responding to questions generated by the system. 

 

Computer-aided   design   also   includes   nongraphic   applications   of   the 

computer  in  design  work.  These  consist  of  engineering  results  which  are  best 

displayed in other than graphical form. Nongraphic hardware (e.g., line printers) can 

be employed to create rough images on a piece of paper by appropriate combinations 

of characters  and symbols. However, the  resulting  pictures, while  they  may create
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interesting wall posters, are not suitable for design purposes. 
 

The hardware we discuss in this chapter is restricted to CAD systems that 

utilize interactive  computer  graphics.  Typically,  a stand-alone  CAD system would 

include the following hardware components: 

 

One or more design workstations. These would consist of: 

A graphics terminal 

Operator input devices 
 

One or more plotters and other output devices 

 
Central processing unit (CPU) 

Secondary storage 

These  hardware  components  would  be  arranged  in  a  configuration   as 

illustrated   in   Figure.   The   following   sections   discuss   these   various   hardware 

components and the alternatives and options that can be obtained in each category. 
 

 

 
 

FIGURE Typical configuration of hardware components in a stand-alone CAD 
 

system. There would likely be more than one design workstation.
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THE DESIGN WORKSTATION 
 

The  CAD  workstation  is the  system  interface  with  the  outside  world.  It 

represents a significant factor in determining how convenient and efficient it is for a 

designer to use the CAD system. The workstation must accomplish five functions: 

 

l. It must interface with the central processing unit. 

2. It must generate a steady graphic image for the user. 
 

3. It must provide digital descriptions of the graphic image. 
 

4. It must translate computer commands into operating functions. 

 
5. It must facilitate communication between the user and the system] 

 
The use of interactive graphics has been found to be the best approach to 

accomplish these functions. A typical interactive graphics workstation would consist 

of the following hardware Components: 

 

A graphics terminal 
 
 

 
Figure. 

Operator input devices 

A graphics design workstation showing these components  is illustrated in

 

 
 

 
 
 

FIGURE Interactive graphics design workstation showing graphics terminal and two
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input devices: alphanumeric keyboard and electronic tablet and pen. 

 
THE GRAPHICS TERMINAL 

 
'There are various technological approaches which have been applied to the 

development  of graphics  terminals.  The technology  continues  to evolve  as CAD  

system manufactures attempt to improve their products and reduce their costs. In this 

section  we present  a discussion  of the current  technology  in interactive  computer 

graphics terminals. 

 

Image generation in computer graphics 
 

Nearly all computer graphics terminals available today use the cathode ray 

tube (CRT) as the display device. Television sets use a form of the same device as 

the picture tube. 'The operation of the CRT is illustrated in Figure. A heated cathode 

emits a high-speed electron beam onto a phosphor-coated glass screen. 'The electrons 

energize the phosphor coating, causing it to glow at the points where the beam makes 

contact.  By focusing the electron  beam,  changing  its intensity,  and controlling  its 

point of contact against the phosphor coating through the use of a deflector system, 

the beam can be made to generate a picture on the CRT screen. 

 

There are two basic techniques used in current computer graphics terminals 

for generating the image on the CRT screen. They are: 

 

l. Stroke writing 

 
2. Raster scan 

 
Other names for the stroke-writing technique include line drawing, random 

position, vector writing, stroke writing, and directed beam. Other names for the raster 

scan  technique include digital TV and scan graphics. 
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FIGURE Diagram of cathode ray tube (CRT). 
 
 

The  stroke-writing  system  uses  an  electron  beam  which  operates  like  a 

pencil to create a line image on the CRT screen. The image is constructed out of a 

sequence  of straight-line  segments.  Each line segment  is drawn  on the screen  by 

directing the beam to move from one point on the screen to the next, where each 

point  is defined  by its x and  y coordinates.  The  process  is portrayed  in Figure  . 

Although the procedure results in images composed of only straight lines, smooth 

curves can be approximated by making the connecting line segments short enough. 

 

In the raster scan approach,  the viewing  screen  is divided  into  a     large 

number of discrete  phosphor  picture elements,  called pixels.  The matrix of pixels 

constitutes  the  raster.  The  number  of  separate  pixels  in  the  raster  display  might 

typically range from 256 × 256 (a total of over 65,(OO) to lO24 × lO24 (a total of 

over l,OOO,OOO  points).  Each pixel on the screen  can be made  to glow with a 

different brightness. Color screens provide for the pixels to have different colors as 

well  as  brightness.  During  operation,  an  electron  beam  creates  the  image  by 

sweeping along a horizontal line on the screen from left to right and energizing the 

pixels in that line during the sweep. When the sweep of one line is completed, the 
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electron  beam  moves  to  the  next  line  below  and  proceeds  in  a  fixed  pattern  as 

indicated in Figure. After sweeping the entire screen the process is repeated at a rate 

of  3O to 6O entire scans of the screen per second: 

 
 

 
 

FIGURE  Raster scan approach for generating images in computer graphics. 

 
Graphics terminals for computer-aided design 

 

The two approaches described above are used in the overwhelming majority 

of current-day CAD graphics terminals. There are also a variety of other technical 

factors which result in different types of graphics terminals. These factors include the 

type of phosphor coating on the screen, whether color is required, the pixel density, 

and  the  amount  of  computer  memory  available  to  generate  the  picture.  We  will 

discuss three types of graphics terminals, which seem to be the most important today 

in commercially available CAD systems. The three types are: 

 

l. Directed-beam  refresh 

 
2. Direct-view storage tube (DVST) 

 
3. Raster scan (digital TV) 

 
The following paragraphs  describe the three basic types. We then discuss 

some of the possible enhancements, such as color and animation. 

 

DIRECTED-BEAM   REFRESH.   The   directed-beam   refresh   terminal 

utilizes the stroke-writing  approach to generate the image on the CRT screen. The 
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term  refresh   in the name refers to the fact that the image must be regenerated many 

times per second in order to avoid noticeable  flicker of the image.  The phosphor  

elements on the screen surface are capable of maintaining their brightness for only a 

short time (sometimes measured in microseconds). In order for the image to be 

continued,  these picture tubes must be refreshed  by causing the directed  beam to 

retrace the image repeatedly. On densely filled screens (very detailed line images or 

many characters  of text),  it is difficult  to avoid  flickering  of the image  with this 

process. On the other hand, there are several advantages associated with the directed- 

beam refresh systems.  Because  the image is being continually refreshed,  selective 

erasure and alteration  of the image  is readily accomplished.  It is also possible  to 

provide animation of the image with a refresh tube. 

 

The  directed-beam  refresh  system  is  the  oldest  of  the  modem  graphics 

display technologies.  Other names sometimes  used to identify this system include 

vector refresh and stroke-writing refresh. Early refresh tubes were very expensive. 

but the steadily decreasing cost of solid-state circuitry has brought the price of these 

graphics systems down to a level which is competitive with other types. 

 

DIRECT-VIEW STORAGE TUBE (DVST). DVST terminals also use the 

stroke-writing approach to generate the image on the CRT screen. The term storage 

tube refers to the ability of the screen to retain the image which has been projected 

against  it, thus avoiding  the need  to rewrite  the image  which  has been  projected 

against it, thus avoiding the need to rewrite the image constantly. What makes this 

possible is the use of an electron flood gun directed at the phosphor coated screen 

which keeps the phosphor elements illuminated once they have been energized by 

the stroke-writing electron beam. The resulting image on the CRT screen is flicker- 

free. Lines may be readily added to the image without concern over their effect on 

image density or refresh rates. However, the penalty associated with the storage tube 

is that individual lines cannot be selectively removed from the image. 

 

Storage  tubes  have  historically  been  the  lowest-cost  terminals  and  are 

capable of displaying large amounts of data, either graphical or textual. Because of 

these features, there are probably more storage tube terminals in service in industry 

at the time of this writing than any other graphics display terminal.  The principal 

disadvantage of a storage CRT is that selective erasure is not possible. Instead, if the 

user wants to change the picture, the change will not be manifested  on the screen
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until the entire picture is regenerated. Other disadvantages include its lack of color 

capability, the inability to use a light pen as a data entry, and its lack of animation 

capability. 

 

RASTER SCAN TERMINALS. Raster scan terminals operate by causing 

an electron beam to trace a zigzag pattern across the viewing screen, as described 

earlier. The operation is similar to that of a commercial television set. The difference 

is  that  a  TV  set  uses  analog  signals  originally  generated  by  a  video  camera  to 

construct  the image  on the CRT  screen,  while  the raster  scan  ICG terminal  uses 

digital signals  generated  by a computer.  For this reason, the raster scan terminals 

used in computer graphics are sometimes called digital TVs. 

 

The introduction  of the raster scan graphics terminal  using a refresh tube 

had been limited by the cost of computer memory. For example,  the simplest and 

lowest-cost terminal in this category uses only two beam intensity levels, on or off. 

This means that each pixel in the viewing screen is either illuminated  or dark. A 

picture tube with 256 lines of resolution and 256 addressable points per line to form 

the image  would require  256 × 256 or over 65,OOO  bits of storage.  Each bit of 

memory contains  the on/off status of the corresponding  pixel on the CRT screen. 

This memory is called the frame buffer or refresh buffer. The picture quality can be 

improved  in two ways: by increasing  the pixel density or adding a gray scale (or 

color). Increasing pixel density for the same size screen means adding more lines of 

resolution and more addressable points per line. A lO24 × lO24 raster screen would 

require  more  than  l million  bits  of  storage  in the  frame  buffer.  A  gray  scale  is 

accomplished by expanding the number of intensity levels which can be displayed on 

each pixel. This requires additional  bits for each pixel to store the intensity level. 

Two bits are required for four levels, three bits for eight levels, and so forth. Five or 

six bits would be needed to achieve an approximation of a continuous gray scale. For 

a color display, three times as many bits are required to get various intensity levels 

for each of the three primary colors: red, blue, and green. (We discuss color in the 

following  section.)  A raster scan  graphics  terminal  with  high  resolution  and gray 

scale can require a very large capacity refresh buffer. Until recent developments in 

memory technology, the cost of this storage capacity was prohibitive for a terminal 

with good picture quality.  The capability  to achieve  color and animation  was not
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possible except for very low resolution levels. 
 

TABLE  Comparison of Graphics Terminal Features 
 

  

Directed-beam 

refresh 

 

DVST 
 

Raster scan 

Image generation Stroke writing Stroke writing Raster scan 

Picture quality Excellent Excellent Moderate to good 

Data content Limited High High 

Selective erase Yes No Yes 

Gray scale Yes No Yes 

Color capability Moderate No Yes 

Animation capability Yes No Moderate 

It  is  now  possible  to  manufacture   digital  TV  systems  for  interactive 

computer  graphics  at prices  which  are competitive  with the other two types.  The 

advantages of the present raster scan terminals include the feasibility to use low-cost 

TV monitors, color capability, and the capability for animation of the image. These 

features,  plus the continuing  improvements  being made in raster scan technology, 

make it the fastest-growing segment of the graphics display market. 

 

The typical color CRT uses three electron beams and a triad of color dots an 

the phosphor  screen to provide  each of the three colors, red, green, and blue. By 

combining the three colors at different  intensity levels, a variety of colors can be 

created on the screen. It is mare difficult to fabricate a stroke-writing tube which is 

precise enough far color because of the technical problem of getting the three beams 

to. converge properly against the screen . 

 

The raster scan approach has superior color graphics capabilities because of 

the  developments  which  have  been  made  over  the  years  in  the  color  television 

industry. Color raster scan terminals with lO24 × lO24 resolution are commercially 

available for computer graphics. The problem in the raster terminals is the memory 

requirements of the refresh buffer. Each pixel on the viewing screen' may require up 

to 24 bits of memory in the refresh buffer in order to display the full range of color
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tones. When multiplied by the number of pixels in the display screen, this translates 

into a very large storage buffer. 

 

The  capability  for  animation  in  computer  graphics  is  limited  to  display 

methods in which the image can be quickly redrawn.  This limitation excludes  the 

storage tube terminals Both the directed-beam refresh and the raster scan systems are 

capable of animation.  However,  this capability is not automatically  acquired .with 

these  systems.  It  must  be  accomplished  by  means  of  a  powerful  and  fast  CPU 

interfaced to the graphics terminal to process the large volumes of data required for 

animated images In computer-aided  design, animation would be a powerful feature 

in applications where kinematic simulation is required. The analysis of linkage 

mechanisms and other mechanical behavior would be examples. In computer-aided 

manufacturing, the planning of a robotic work cycle would be improved through the 

use of an animated image of the robot simulating the motion of the arm during the 

cycle. The popular video games marketed by Atari and other manufacturers for use 

with home TV sets are primitive examples of animation in computer graphics. 

Animation  in these  TV games  is made  possible  by sacrificing  the quality  of the 

picture. This keeps the price of these games within an affordable range. 

 

OPERATOR INPUT DEVICES 
 

Operator input devices are provided at the graphics workstation to facilitate 

convenient communication between the user and the system. Workstations generally 

have several types of input devices to allow the operator to select the various 

preprogrammed  input  functions.  These  functions  permit  the  operator  to create  or 

modify an image on the CRT screen or to enter alphanumeric data into the system. 

This results in a complete  part on the CRT screen as well as complete  geometric 

description of the part m the CAD data base. 

 

Different  CAG  system  vendors  offer  different  types  of  operator  input 

devices. These devices can be divided into three general categories: 

 

l. Cursor control devices 
 

2. Digitizers 

 
3. Alphanumeric and other keyboard terminals
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Of  the  three,  cursor  control  devices  and  digitizers  are  both  used  for 

graphical interaction with the system. Keyboard terminals are used as input devices 

for commands and numerical data. 

 

There are two basic types of graphical interaction accomplished by means of 

cursor control and digitizing: 

 

Creating and positioning new items on the CRT screen 

 
Pointing  at  or  otherwise   identifying   locations   on  the  screen,   usually 

associated with existing images 

 

Ideally, a graphical input device should lend itself to both of these functions. 

However,  this  is difficult  to accomplish  with a single  unit and that is why most 

workstations have several different input devices. 

 

Cursor control 
 

The cursor normally takes the form of a bright spot on the CRT screen that, 

indicates where lettering or drawing will occur. The computer is capable of reading 

the current position of the cursor. Hence the user's capability to control the cursor 

position  allows  locational  data  to  be  entered  into  the  CAD  system  data  base.  A 

typical example would be for the user to locate the cursor to identify the starting 

point of a line. Another, more sophisticated case, would be for the user to position 

the cursor to select an item from a menu of functions displayed on the screen. For 

instance, the screen might be divided into two sections, one of which is an array of 

blocks  which  correspond  to operator  input  functions.  The user simply  moves  the 

cursor to the desired block to execute the particular function. 

 

There are a variety of cursor control devices which have been employed in 
 

CAD systems. These include: 

Thumbwheels 

Direction keys on a keyboard terminal 
 

Joysticks 

Tracker ball 

Light pen
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Electronic tablet/pen 
 

The first four items in the list provide control over the cursor without any 

direct physical  contact  of the screen  by the user. The last two devices  in the list 

require  the user  to control  the cursor  by touching  the screen  (or some  other  flat 

surface which is related to the screen) with a pen-type device. 

 

The   thumbwheel   device   uses   two   thumbwheels,   one   to   control   the 

horizontal position of the cursor, the other to control the vertical position. This type of 

device is often mounted as an integral part of the CRT terminal. The cursor in this 

arrangement is often represented by the intersection of a vertical line and a horizontal 

line displayed  on the CRT screen. The two lines are like crosshairs  in a gunsight 

which span the height and width of the screen. 

 

Direction  keys on the keyboard  are another basic form of cursor   control 

used not only for graphics terminals  but also for CRT terminals  without  graphics 

capabilities. Four keys are used for each of the four directions in which the cursor 

can be moved (right or left, and up or down). 

 

The  joystick  apparatus  is pictured  in Figure.  It  consists  of a box  with a 

vertical toggle stick that can be pushed in any direction to cause the cursor to be 

moved in that direction. The joystick gets its name from the control stick that was 

used lO old airplanes. 

The tracker ball is pictured in Figure. Its operation is similar to that of the 

joystick except that an operator-controlled  ball is rotated to move the cursor in the 

desired direction on the screen. 

The light pen is a pointing device in which the computer seeks to identify 
 

 

 
 

FIGURE  Joystick input device for interactive computer graphics 
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FIGURE Tracker ball input device for interactive computer graphics. 

 
position where the light pen is in contact with the screen. Contrary    to what its name 

suggests, the light pen does not project light. Instead, it is a detector of light on the 

CRT screen and uses a photodiode,  phototransistor,  or some other form of light 

sensor. The light pen can be utilized with a refresh-type  CRT but not with a storage 

tube. This is because the image on the refresh tube is being generated in time sequence.  

The time sequence  is so short that the image appears continuous  to the human eye. 

However, the computer is capable of discerning the time sequence and  it  

coordinates this timing with the position of the pen against the screen. In essence, the 

system is performing as an optical tracking loop to locate the cursor or to execute 

some  other input  function.  The tablet  and pen in computer  graphics  describes  an 

electronically  sensitive  tablet  used  in  conjunction  with  an  electronic  stylus.  The 

tablet is a flat surface, separate from the CRT screen, on which the user draws with 

the penlike stylus to input instructions or to control the cursor 

 

It should be noted that thumbwheels,  direction keys, joysticks, and tracker 

balls are generally limited  in their functions  to cursor control.  The light  pen and 

tablet/pen are typically used for other input functions as well as cursor control. Some of 

these functions are: 

 

Selecting from a function menu 

 
Drawing on the screen or making strokes on the screen or tablet which indicate what image 

is to be drawn 
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Selecting a portion of the screen for enlargement of an existing image 

 
Digitizers 

 

The digitizer is an operator input device which consists of a large, smooth 

board (the appearance is similar to a mechanical drawing board) and an electronic 

tracking device which can be moved over the surface to follow existing lines. It is a 

common  technique  in  CAD  systems  for  taking  x,  y  coordinates  from  a  paper 

drawing. The electronic tracking device contains a switch for the user to record the 

desired  x  and  y  coordinate  positions.  The  coordinates  can  be  entered  into  the 

computer memory or stored on an off-line storage medium such as magnetic tape. 

High-resolution  digitizers,  typically with a large board (e.g., 42 in by 6O in.) can 

provide resolution and accuracy on the order of O.OOl in. It should be mentioned that the 

electronic tablet and pen, previously discussed as a cursor control device, can be 

considered to be a small, low-resolution digitizer. 

 

Not all CAD systems would include a digitizer as part of its core of operator 

input devices. It would be inadequate, for example, in three-dimensional mechanical 

design work since the digitizer is limited to two dimensions.  For two-dimensional 

drawings,  drafters  can  readily  adapt  to the digitizer  because  it is similar  to  their 

drafting boards. It can be tilted, raised, or lowered to assume a comfortable    position 

for the drafter. 

 
The digitizer can be used to digitize line drawings. The user can input data 

from a rough schematic or large layout drawing and edit the drawings to the desired level 

of accuracy and detail. The digitizer can also be used to freehand a new design with 

subsequent editing to finalize the drawing. 

 

Keyboard terminals 

Several  forms of keyboard  terminals are available as CAD input devices. 

The most familiar type is the alphanumeric terminal which is available with nearly all 

interactive graphics systems. The alphanumeric terminal can be either a CRT or a hard 

copy terminal, which prints on paper. For graphics, the CRT has the advantage because  

of  its  faster  speed,  the  ability to  easily  edit,  and  the  avoidance  of  large volumes of 

paper. On the other hand, a permanent record is sometimes desirable and this is most 

easily created with a hard-copy terminal. Many CAD systems use the graphics screen to 

display the alphanumeric data, but there is an advantage in having a separate CRT 
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terminal so that the alphanumeric messages can be created without disturbing or 

overwriting the image on the graphics screen. 

 

The alphanumeric terminal is used to enter commands, functions, and 

supplemental data to the CAD system. This information is displayed for verification on 

the CRT or typed on paper. The system also communicates back to the user in a similar 

manner. Menu listings, program listings, error messages, and so forth, can be displayed 

by the computer as part of the interactive procedure. 

 

These function keyboards are provided to eliminate extensive typing of 

commands,  or calculate  coordinate  positions,  and other functions.  The number  of 

function keys varies from about 8 to 8O. The particular function corresponding with each 

button is generally under computer control so that the button function can be changed as 

the user proceeds from one phase of the design to the next. In this way the number of 

alternative functions can easily exceed the number of but tons on the keyboard.  

Also, lighted buttons are used on the keyboards to indicate which functions 

are possible in the current phase of design activity. A menu of the various function 

alternatives is typically displayed on the CRT screen for the user to select the desired 

function. 

 

PLOTTERS AND OTHER OUTPUT DEV CES 
 

There  are  various  types  of  output  devices  used  in  conjunction  with  a 

computer-aided design system. These output devices include: 

 

Pen plotters 

 
Hard-copy units 

 
Electrostatic plotters Computer-output-to-microfilm  (COM) units 

 
We discuss these devices in the following sections. 

 
Pen plotters 

The accuracy and quality of the hard-copy plot produced by a pen plotter is 

considerably  greater  than  the apparent  accuracy  and quality  of  the  corresponding 

image on the CRT screen. In the case of the CRT image, the quality of the picture is 

degraded because of lack of resolution and because of losses in the digital-to-analog 

conversion through: the display generators. On the other hand, a high-precision pen 

plotter  is  capable  of  achieving  a  hard-copy  drawing  whose  accuracy  is  nearly 

consistent with the digital definitions in the CAD data base. 
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The pen plotter uses a mechanical ink pen (either wet ink or ballpoint) to 

write on paper through relative movement of the pen and paper. There are two basic types 

of pen plotters currently in use: 

 

Drum plotters 

 
Fiat-bed plotters 

 

Hard-copy unit  

 
 

A hard-copy unit is a machine that can make copies from the same image 

data layed on the CRT screen. The image on the screen can be duplicated in a matter of 

seconds.  The copies can be used as records of intermediate  steps in the design 

process or when rough hard copies of the screen are needed quickly. The hard  copies 

 

produced from these units are not suitable as final drawings because the accuracy and 

quality of the reproduction is not nearly as good as the output of a pen plotter. 

 

Most  hard-copy units  are dry silver copiers  that use light-sensitive  paper 

exposed through a narrow CRT window inside the copier. The window is typically 

8½ in. (2l6 mm), corresponding to the width of the paper, by about ½ in. (l2 mm) 

wide. The paper is exposed by moving it past the window and coordinating the CRT 

beam to gradually transfer the image. A heated roller inside the copier is used to 

develop the exposed paper. The size of the paper is usually limited on these hard- 

copy units to 8½ by II in. Another drawback is that the dry silver copies will darken with 

time when they are left exposed to normal light. 

 

 

Electrostatic plotters 
 

Hard-copy  units  are  relatively  fast  but  their  accuracy  and  resolution  are 

poor. Pen plotters are highly accurate but plotting time can take many minutes (up to a 

half-hour  or longer  for complicated  drawings).  The electrostatic  plotter offers a 

compromise between these two types in terms of speed and accuracy. It is almost as 

fast as the hard-copy unit and almost as accurate as the pen plotter. 

 

The electrostatic copier consists of a series of wire styli mounted on a bar which 

spans the width of the charge-sensitive paper. The styli have a density of up to 

2OO per linear inch. The paper is gradually moved past the bar and certain styli are 

activated to place dots on the paper. By coordinating the generation of the dots with 

the paper travel, the image is progressively transferred from the data base into hard- copy 
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form. The dots overlap each other slightly to achieve continuity. For example, a series of 

adjacent dots gives the appearance of a continuous line. 

 

A limitation of the electrostatic plotter is that the data must be in the raster 

format (i.e., in the same format used to drive the raster-type  CRT) in order to be 

readily converted into hard copy using the electrostatic method. If the data are not in 

raster format, some type of conversion is required to change them into the required 

format. The conversion  mechanism  is usually based on a combination  of software 

and hardware. 

 

An advantage of the electrostatic plotter which is shared with the drum-type 

pen plotter  is that the length  of the paper  is virtually  unlimited.  Typical  plotting 

widths might be up to 6 ft (l.83 m). Another advantage is that the electrostatic plotter 

can be utilized as a high-speed line printer, capable of up to l2OO lines of text per 

minute. 

 

 

Memory Types 
 
 
 

•   ROM - Read only memory 
 

•   PROM - Programmable ROM 
 

•   EPROM - Erasable programmable ROM 
 

•   EEPROM - Electrically erasable and programmable ROM 
 

•   RAM - Random access memory 
 

•   Flash memory 
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1.1 INTRODUCTION

Computer Integrated Manufacturing (CIM) encompasses the entire range of product
development and manufacturing activities with all the functions being carried out with
the help of dedicated software packages. The data required for various functions are passed
from one application software to another in a seamless manner. For example, the product
data is created during design. This data has to be transferred from the modeling software
to manufacturing software without any loss of data. CIM uses a common database
wherever feasible and communication technologies to integrate design, manufacturing
and associated business functions that combine the automated segments of a factory or
a manufacturing facility. CIM reduces the human component of manufacturing and
thereby relieves the process of its slow, expensive and error-prone component. CIM stands
for a holistic and methodological approach to the activities of the manufacturing enterprise
in order to achieve vast improvement in its performance.

This methodological approach is applied to all activities from the design of the product
to customer support in an integrated way, using various methods, means and techniques
in order to achieve production improvement, cost reduction, fulfillment of scheduled
delivery dates, quality improvement and total flexibility in the manufacturing system.
CIM requires all those associated with a company to involve totally in the process of product
development and manufacture. In such a holistic approach, economic, social and human
aspects have the same importance as technical aspects.

CIM also encompasses the whole lot of enabling technologies including total quality
management, business process reengineering, concurrent engineering, workflow
automation, enterprise resource planning and flexible manufacturing.

A distinct feature of manufacturing today is mass customization. This implies that
though the products are manufactured in large quantities, products must incorporate

CIM
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customer-specific changes to satisfy the diverse requirements of the customers. This
requires extremely high flexibility in the manufacturing system.

The challenge before the manufacturing engineers is illustrated in Fig.1.1.

COST
DELIVERY 

TIME

QUALITY

Fig.1.1 Challenges in Manufacturing

Manufacturing industries strive to reduce the cost of the product continuously to remain
competitive in the face of global competition. In addition, there is the need to improve the
quality and performance levels on a continuing basis. Another important requirement is
on time delivery. In the context of global outsourcing and long supply chains cutting across
several international borders, the task of continuously reducing delivery times is really an
arduous task. CIM has several software tools to address the above needs.

Manufacturing engineers are required to achieve the following objectives to be
competitive in a global context.

• Reduction in inventory
• Lower the cost of the product
• Reduce waste
• Improve quality
• Increase flexibility in manufacturing to achieve immediate and rapid response to:

• Product changes
• Production changes
• Process change
• Equipment change
• Change of personnel

CIM technology is an enabling technology to meet the above challenges to the
manufacturing.
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The advances in automation have enabled industries to develop islands of automation.
Examples are flexible manufacturing cells, robotized work cells, flexible inspection cells
etc. One of the objectives of CIM is to achieve the consolidation and integration of these
islands of automation. This requires sharing of information among different applications
or sections of a factory, accessing incompatible and heterogeneous data and devices. The
ultimate objective is to meet the competition by improved customer satisfaction through
reduction in cost, improvement in quality and reduction in product development time.

CIM makes full use of the capabilities of the digital computer to improve
manufacturing. Two of them are:

i. Variable and Programmable automation
ii. Real time optimization
The computer has the capability to accomplish the above for hardware components of

manufacturing (the manufacturing machinery and equipment) and software component
of manufacturing (the application software, the information flow, database and so on).

The capabilities of the computer are thus exploited not only for the various bits and
pieces of manufacturing activity but also for the entire system of manufacturing. Computers
have the tremendous potential needed to integrate the entire manufacturing system and
thereby evolve the computer integrated manufacturing system.

1.2 TYPES OF MANUFACTURING

The term “manufacturing” covers a broad spectrum of activities. Metal working industries,
process industries like chemical plants, oil refineries, food processing industries, electronic
industries making microelectronic components, printed circuit boards, computers and
entertainment electronic products etc. are examples of manufacturing industries.
Manufacturing involves fabrication, assembly and testing in a majority of situations. However,
in process industries operations are of a different nature.

Manufacturing industries can be grouped into four categories:

i.i.i.i.i. Continuous Process IndustriesContinuous Process IndustriesContinuous Process IndustriesContinuous Process IndustriesContinuous Process Industries
In this type of industry, the production process generally follows a specific
sequence. These industries can be easily automated and computers are widely
used for process monitoring, control and optimization. Oil refineries, chemical
plants, food processing industries, etc are examples of continuous process
industries.

ii.ii.ii.ii.ii. Mass Production IndustriesMass Production IndustriesMass Production IndustriesMass Production IndustriesMass Production Industries
Industries manufacturing fasteners (nuts, bolts etc.), integrated chips, automobiles,
entertainment electronic products, bicycles, bearings etc. which are all mass
produced can be classified as mass production industries. Production lines are
specially designed and optimized to ensure automatic and cost effective operation.
Automation can be either fixed type or flexible.
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iii.iii.iii.iii.iii. Batch Production (Discrete Manufacturing)Batch Production (Discrete Manufacturing)Batch Production (Discrete Manufacturing)Batch Production (Discrete Manufacturing)Batch Production (Discrete Manufacturing)
The largest percentage of manufacturing industries can be classified as batch
production industries. The distinguishing features of this type of manufacture are
the small to medium size of the batch, and varieties of such products to be taken
up in a single shop. Due to the variety of components handled, work centres
should have broader specifications. Another important fact is that small batch
size involves loss of production time associated with product changeover.

As mentioned earlier, integration of computer in process industries for production
automation, process monitoring and control and optimization is relatively easy. In the
case of mass production and batch production computer integration faces a number of
problems as there are a large number of support activities which are to be tied together.
These are discussed in detail later in this chapter.

Automation of manufacture has been implemented using different techniques since
the turn of the 20th Century. Fixed automation is the first type to emerge. Single spindle
automatic lathe, multi spindle automatic lathe and transfer lines are examples of fixed
automation. Fixed automation using mechanical, electrical, pneumatic and hydraulic
systems is widely used in automobile manufacturing. This type of automation has a severe
limitation - these are designed for a particular product and any product change will require
extensive modifications to the automation system.

The concept of programmable automation was introduced later. These were electrically
controlled systems and programs were stored in punched cards and punched tapes. Typical
examples of programmable automation are:

i. Electrical programme controlled milling machines
ii. Hydraulically operated Automatic lathes with programmable control drum

iii. Sequencing machines with punched card control /plug board control

Development of digital computers, microelectronics and microprocessors significantly
altered the automation scenario during 1950-1990. Machine control systems are now
designed around microprocessors and microelectronics is part and parcel of industrial
drives and control. The significant advances in miniaturization through integration of large
number of components into small integrated chips and the consequent improvement in
reliability and performance have increased the popularity of microelectronics. This has
resulted in the availability of high performance desktop computing machines as well as
file servers which can be used for industrial control with the help of application software
packages.

1.3 EVOLUTION OF COMPUTER INTEGRATED MANUFACTURING

Computer Integrated Manufacturing (CIM) is considered a natural evolution of the
technology of CAD/CAM which by itself evolved by the integration of CAD and CAM.
Massachusetts Institute of Technology (MIT, USA) is credited with pioneering the
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development in both CAD and CAM. The need to meet the design and manufacturing
requirements of aerospace industries after the Second World War necessitated the
development these technologies. The manufacturing technology available during late 40’s
and early 50’s could not meet the design and manufacturing challenges arising out of the
need to develop sophisticated aircraft and satellite launch vehicles. This prompted the US
Air Force to approach MIT to develop suitable control systems, drives and programming
techniques for machine tools using electronic control.

The first major innovation in machine control is the Numerical Control (NC),
demonstrated at MIT in 1952. Early Numerical Control Systems were all basically hardwired
systems, since these were built with discrete systems or with later first generation integrated
chips. Early NC machines used paper tape as an input medium. Every NC machine was
fitted with a tape reader to read paper tape and transfer the program to the memory of the
machine tool block by block. Mainframe computers were used to control a group of NC
machines by mid 60’s. This arrangement was then called Direct Numerical Control (DNC)
as the computer bypassed the tape reader to transfer the program data to the machine
controller. By late 60’s mini computers were being commonly used to control NC machines.
At this stage NC became truly soft wired with the facilities of mass program storage, off-
line editing and software logic control and processing. This development is called Computer
Numerical Control (CNC).

Since 70’s, numerical controllers are being designed around microprocessors, resulting
in compact CNC systems. A further development to this technology is the distributed
numerical control (also called DNC) in which processing of NC program is carried out in
different computers operating at different hierarchical levels - typically from mainframe
host computers to plant computers to the machine controller. Today the CNC systems are
built around powerful 32 bit and 64 bit microprocessors. PC based systems are also
becoming increasingly popular.

Manufacturing engineers also started using computers for such tasks like inventory
control, demand forecasting, production planning and control etc. CNC technology was
adapted in the development of co-ordinate measuring machine’s (CMMs) which automated
inspection. Robots were introduced to automate several tasks like machine loading,
materials handling, welding, painting and assembly. All these developments led to the
evolution of flexible manufacturing cells and flexible manufacturing systems in late 70’s.

Evolution of Computer Aided Design (CAD), on the other hand was to cater to the
geometric modeling needs of automobile and aeronautical industries. The developments
in computers, design workstations, graphic cards, display devices and graphic input
and output devices during the last ten years have been phenomenal. This coupled with
the development of operating system with graphic user interfaces and powerful interactive
(user friendly) software packages for modeling, drafting, analysis and optimization
provides the necessary tools to automate the design process.

CAD in fact owes its development to the APT language project at MIT in early 50’s.
Several clones of APT were introduced in 80’s to automatically develop NC codes from
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the geometric model of the component. Now, one can model, draft, analyze, simulate,
modify, optimize and create the NC code to manufacture a component and simulate the
machining operation sitting at a computer workstation.

If we review the manufacturing scenario during 80’s we will find that the
manufacturing is characterized by a few islands of automation. In the case of design,
the task is well automated. In the case of manufacture, CNC machines, DNC systems,
FMC, FMS etc provide tightly controlled automation systems. Similarly computer control
has been implemented in several areas like manufacturing resource planning, accounting,
sales, marketing and purchase. Yet the full potential of computerization could not be
obtained unless all the segments of manufacturing are integrated, permitting the transfer
of data across various functional modules. This realization led to the concept of computer
integrated manufacturing. Thus the implementation of CIM required the development
of whole lot of computer technologies related to hardware and software.

1.4 CIM HARDWARE AND CIM SOFTWARE

CIM Hardware comprises the following:

i. Manufacturing equipment such as CNC machines or computerized work centres,
robotic work cells, DNC/FMS systems, work handling and tool handling devices,
storage devices, sensors, shop floor data collection devices, inspection machines
etc.

ii. Computers, controllers, CAD/CAM systems, workstations / terminals, data entry
terminals, bar code readers, RFID tags, printers, plotters and other peripheral
devices, modems, cables, connectors etc.,

CIM software comprises computer programmes to carry out the following functions:

Management Information System
Sales
Marketing
Finance
Database Management
Modeling and Design
Analysis
Simulation
Communications
Monitoring
Production Control
Manufacturing Area Control
Job Tracking
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Inventory Control
Shop Floor Data Collection
Order Entry
Materials Handling
Device Drivers
Process Planning
Manufacturing Facilities Planning
Work Flow Automation
Business Process Engineering
Network Management
Quality Management

1.5 NATURE AND ROLE OF THE ELEMENTS OF CIM SYSTEM

Nine major elements of a CIM system are in Fig 1.2. They are:

Marketing
Product Design
Planning
Purchase
Manufacturing Engineering
Factory Automation Hardware
Warehousing
Logistics and Supply Chain Management
Finance
Information Management

Fig.1.2 Major Elements of a CIM System
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i. Marketing: Marketing: Marketing: Marketing: Marketing: The need for a product is identified by the marketing division. The
specifications of the product, the projection of manufacturing quantities and the
strategy for marketing the product are also decided by the marketing department.
Marketing also works out the manufacturing costs to assess the economic viability
of the product.

ii. Product Design: Product Design: Product Design: Product Design: Product Design: The design department of the company establishes the initial
database for production of a proposed product. In a CIM system this is
accomplished through activities such as geometric modeling and computer aided
design while considering the product requirements and concepts generated by
the creativity of the design engineer. Configuration management is an important
activity in many designs. Complex designs are usually carried out by several
teams working simultaneously, located often in different parts of the world. The
design process is constrained by the costs that will be incurred in actual production
and by the capabilities of the available production equipment and processes. The
design process creates the database required to manufacture the part.

iii. Planning:Planning:Planning:Planning:Planning:     The planning department takes the database established by the
design department and enriches it with production data and information to
produce a plan for the production of the product. Planning involves several
subsystems dealing with materials, facility, process, tools, manpower, capacity,
scheduling, outsourcing, assembly, inspection, logistics etc. In a CIM system,
this planning process should be constrained by the production costs and by
the production equipment and process capability, in order to generate an
optimized plan.

iv. Purchase:Purchase:Purchase:Purchase:Purchase:     The purchase departments is responsible for placing the purchase
orders and follow up, ensure quality in the production process of the vendor,
receive the items, arrange for inspection and supply the items to the stores or
arrange timely delivery depending on the production schedule for eventual supply
to manufacture and assembly.

v. Manufacturing Engineering: Manufacturing Engineering: Manufacturing Engineering: Manufacturing Engineering: Manufacturing Engineering: Manufacturing Engineering is the activity of carrying
out the production of the product, involving further enrichment of the database
with performance data and information about the production equipment and
processes. In CIM, this requires activities like CNC programming, simulation and
computer aided scheduling of the production activity. This should include on-
line dynamic scheduling and control based on the real time performance of the
equipment and processes to assure continuous production activity. Often, the
need to meet fluctuating market demand requires the manufacturing system
flexible and agile.

vi. Factory Automation Hardware:Factory Automation Hardware:Factory Automation Hardware:Factory Automation Hardware:Factory Automation Hardware:  Factory automation equipment further enriches
the database with equipment and process data, resident either in the operator or
the equipment to carry out the production process. In CIM system this consists
of computer controlled process machinery such as CNC machine tools, flexible
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manufacturing systems (FMS), Computer controlled robots, material handling
systems, computer controlled assembly systems, flexibly automated inspection
systems and so on.

vii. Warehousing: Warehousing: Warehousing: Warehousing: Warehousing: Warehousing is the function involving storage and retrieval of
raw materials, components, finished goods as well as shipment of items. In
today’s complex outsourcing scenario and the need for just-in-time supply of
components and subsystems, logistics and supply chain management assume
great importance.

viii. Finance:Finance:Finance:Finance:Finance:     Finance deals with the resources pertaining to money. Planning
of investment, working capital, and cash flow control, realization of
receipts, accounting and allocation of funds are the major tasks of the
finance departments.

Fig.1.3 Various Activities in CIM

FEM - Finite Element Modeling MeM - Mechanism Modeling ERP - EnterpriseFEM - Finite Element Modeling MeM - Mechanism Modeling ERP - EnterpriseFEM - Finite Element Modeling MeM - Mechanism Modeling ERP - EnterpriseFEM - Finite Element Modeling MeM - Mechanism Modeling ERP - EnterpriseFEM - Finite Element Modeling MeM - Mechanism Modeling ERP - Enterprise
Resource PlanningResource PlanningResource PlanningResource PlanningResource Planning

ix. Information Management: Information Management: Information Management: Information Management: Information Management: Information Management is perhaps one of the crucial
tasks in CIM. This involves master production scheduling, database management,
communication, manufacturing systems integration and management information
systems.

It can be seen from Fig 1.3 that CIM technology ties together all the manufacturing and
related functions in a company. Implementation of CIM technology thus involves basically
integration of all the activities of the enterprise.
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1.6 DEVELOPMENT OF CIM

CIM is an integration process leading to the integration of the manufacturing enterprise.
Fig 1.4 indicates different levels of this integration that can be seen within an industry.
Dictated by the needs of the individual enterprise this process usually starts with the
need to interchange information between the some of the so called islands of automation.
Flexible manufacturing cells, automatic storage and retrieval systems, CAD/CAM based
design etc. are the examples of islands of automation i.e. a sort of computer based
automation achieved completely in a limited sphere of activity of an enterprise. This
involves data exchange among computers, NC machines, robots, gantry systems etc.
Therefore the integration process has started bottom up. The interconnection of physical
systems was the first requirement to be recognized and fulfilled.

Fig. 1.4 Levels of Integration Against Evolution of CIM

The next level of integration, application integration in Fig 1.4 is concerned with the
integration of applications, the term applications being used in the data processing sense.
The applications are those which are discussed in section 1.4 under the heading CIM
hardware and software. Application integration involves supply and retrieval of
information, communication between application users and with the system itself. Thus
the application integration level imposes constraints on the physical integration level.
There has to be control of the applications themselves also.
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The highest level of integration, business integration in Fig.1.4 is concerned with the
management and operational processes of an enterprise. The management process
provides supervisory control of the operational process which in turn co-ordinates the
day-to-day execution of the activities at the application level. The business integration
level therefore places constraints on the application level. This level offers considerable
challenge to the integration activity.

QUESTIONS

1. Describe the need for CIM and the issues addressed by CIM.
2. What are the different types of manufacturing? Make an assessment of the extent

of computer control in specific cases of each types of manufacturing.
3. What are the various activities of a manufacturing plant which can be carried out

through computer control?
4. Discuss the main elements of CIM systems.
5. Differentiate among physical integration, application integration and business

integration. Give specific examples of each.
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