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Scheme of Evaluation

Question | Particulars Marks
number distribution
1. Definition 2 marks
Diagram of basic elements 2 marks
Explanation of basic elements 6 marks
2. Automated functions 1 mark
(1) Safety monitoring, 3 marks
(2) Maintenance and repair diagnostics, and 3 marks
(3) Error detection and recovery. 3 marks
3. Sketch 4 marks
Steps in ADC 6 marks
4, Automated production line 2 marks
System configurations 4 marks
Diagrams 4 marks
5. Different control system 2 marks
4 Continuous control system
Diagrams 4x1=4marks
Explanation 4x1=4marks
6. Storage Buffer 2 marks
Reasons 8 marks




1. Automation is the technology by which a process or procedure is accomplished without human assistance.
It is implemented using a program of instructions combined with a control system that executes the
instructions.

Basic elements of an automated system

An automated system consists of three basic elements:
(1) power to accomplish the process and operate the system.
(2) a program of instructions to direct the process, and
(3) a control system to actuate the instructions.
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Figure 4.2 Elements of an automated system: (1) power,
(2) program of instructions, and (3) control systems.

Fig.1 Basic elements of an automated system

1. Power to accomplish the automated process

An automated system is used to operate some process, and power is required to drive the process as well as
the controls. The principal source of power in automated systems is electricity. Electric power has many
advantages in automated as well as non-automated processes.

In addition to driving the manufacturing process itself, power is also required for the following material
handling functions:

« Loading and unloading the work unit. All of the processes listed in Table 4.1 are accomplished on discrete
parts. These parts must be moved into the proper position and orientation for the process to be performed,
and power is required for this transport and placement function. At the conclusion of the process, the work
unit must be removed. If the process is completely automated, then some form of mechanized power is used.
If the process is manually operated or semi automated, then human power may be used to position and
locate the work unit.

« Material transport between operations. In addition to loading and unloading at a given operation,
the work units must be moved between operations.

Power for Automation.
Above and beyond the basic power requirements for the manufacturing operation, additional power is
required for automation. The additional power is used for the following functions:

« Controller unit. Modern industrial controllers are based on digital computers, which require
electrical power to read the program of instructions, perform the control calculations, and execute the
instructions by transmitting the proper commands to actuating devices.

» Power to actuate the control signals. The commands sent by the controller unit are carried out by
means of electromechanical devices, such as switches and motors, called actuators The commands are
generally transmitted by means of low-voltage control signals. To accomplish the commands, the actuators
require more power, and so the control signals must be amplified to provide the proper power level for the
actuating device.



« Data acquisition and information processing. In most control systems, data must be collected from
the process and used as input to the control algorithms. In addition, for some processes, it is a legal
requirement that records be kept of process performance and/or product quality. These data acquisition and
record-keeping functions require power, although in modest amounts.

2. Program of instructions

The actions performed by an automated process are defined by a program of instructions. Whether the
manufacturing operation involves low, medium, or high production, each part or product requires one or
more processing steps that are unique to that part or product. These processing steps are performed during a
work cycle. A new part is completed at the end of each work cycle (in some manufacturing operations, more
than one part is produced during the work cycle: for example, a plastic injection molding operation may
produce multiple parts each cycle using a multiple cavity mold). The particular processing steps for the work
cycle are specified in a work cycle program, called part programs in numerical control.

3. Control System

The control element of the automated system executes the program of instructions. The control system
causes the process to accomplish its defined function, which is to perform some manufacturing operation.
The controls in an automated system can be either closed loop or open loop. A closedloop control system,
also known as a feedback control system, is one in which the output variable is compared with an input
parameter, and any difference between the two is used to drive the output into agreement with the input.

2. Advanced automation functions
Advanced automation functions include the following:

(1) Safety monitoring,

(2) Maintenance and repair diagnostics, and

(3) Error detection and recovery.
Safety Monitoring
Safety monitoring in an automated system involves the use of sensors to track the system’s operation and
identify conditions and events that are unsafe or potentially unsafe. The safety monitoring system is
programmed to respond to unsafe conditions in some appropriate way. Possible responses to various hazards
include one or more of the following:

(1) Completely stopping the automated system,

(2) Sounding an alarm,

(3) Reducing the operating speed of the process, and

(4) Taking corrective actions to recover from the safety violation
The following list suggests some of the possible sensors and their applications for safety monitoring:

v Limit switches to detect proper positioning of a part in a work holding device so that the processing
cycle can begin.

v Photoelectric sensors triggered by the interruption of a light beam; this could be used to indicate that
a part is in the proper position or to detect the presence of a human intruder in the work cell.

v' Temperature sensors to indicate that a metal work part is hot enough to proceed with a hot forging
operation. If the work part is not sufficiently heated, then the metal’s ductility might be too low, and
the forging dies might be damaged during the operation.

v" Heat or smoke detectors to sense fire hazards.

Pressure-sensitive floor pads to detect human intruders in the work cell.
v Machine vision systems to perform surveillance of the automated system and its surroundings.

<

Maintenance and Repair diagnostics



Three modes of operation are typical of a modern maintenance and repair diagnostics subsystem:

1. Status monitoring. In the status monitoring mode, the diagnostic subsystem monitors and records
the status of key sensors and parameters of the system during normal operation. On request, the diagnostics
subsystem can display any of these values and provide an interpretation of current system status, perhaps
warning of an imminent failure.

2. Failure diagnostics. The failure diagnostics mode is invoked when a malfunction or failure occurs.
Its purpose is to interpret the current values of the monitored variables and to analyze the recorded values
preceding the failure so that its cause can be identified.

3. Recommendation of repair procedure. In the third mode of operation, the subsystem recommends
to the repair crew the steps that should be taken to effect repairs. Methods for developing the
recommendations are sometimes based on the use of expert systems in which the collective judgments of
many repair experts are pooled and incorporated into a computer program that uses artificial intelligence
techniques.

Error detection and recovery

Error Detection: The error detection step uses the automated system’s available sensors to
determine when a deviation or malfunction has occurred, interpret the sensor signal(s), and classify the
error. Design of the error detection subsystem must begin with a systematic enumeration of all possible
errors that can occur during system operation. The errors in a manufacturing process tend to be very
application-specific. They must be anticipated in advance in order to select sensors that will enable their
detection.

Error Recovery: Error recovery is concerned with applying the necessary corrective action to
overcome the error and bring the system back to normal operation. The problem of designing an error
recovery system focuses on devising appropriate strategies and procedures that will either correct or
compensate for the errors that can occur in the process.

Generally, a specific recovery strategy and procedure must be designed for each different error. The types of
strategies can be classified as follows:

1. Make adjustments at the end of the current work cycle. When the current work cycle is
completed, the part program branches to a corrective action subroutine specifically designed for the detected
error, executes the subroutine, and then returns to the work cycle program. This action reflects a low level of
urgency and is most commonly associated with random errors in the process.

2. Make adjustments during the current cycle. This generally indicates a higher level of urgency
than the preceding type. In this case, the action to correct or compensate for the detected error is initiated as
soon as it is detected. However, the designated corrective action must be possible to accomplish while the
work cycle is still being executed. If that is not possible, then the process must be stopped.

3. Stop the process to invoke corrective action. In this case, the deviation or malfunction requires
that the work cycle be suspended during corrective action. It is assumed that the system is capable of
automatically recovering from the error without human assistance. At the end of the corrective action, the
regular work cycle is continued.

4. Stop the process and call for help. In this case, the error cannot be resolved through automated
recovery procedures. This situation arises because (1) the automated cell is not enabled to correct the
problem or (2) the error cannot be classified into the predefined list of errors. In either case, human
assistance is required to correct the problem and restore the system to fully automated operation.

3. Analog to Digital Conversions

Analog-to-Digital Converters

The procedure for converting an analog signal from the process into digital form typically
consists of the following steps and hardware devices, as illustrated in Figure 6.9:

1. Sensor and transducer. This is the measuring device that generates the analog signal



2. Signal conditioning. The continuous analog signal from the transducer may require conditioning to
render it into more suitable form. Common signal conditioning steps include (1) filtering to remove random
noise and (2) conversion from one signal form to another, for example, converting a current into a voltage.

3. Multiplexer. The multiplexer is a switching device connected in series with each input channel from the
process; it is used to time-share the analog-to-digital converter (ADC) among the input channels. The
alternative is to have a separate ADC for each input channel, which would be costly for a large application
with many input channels. Because the process variables need only be sampled periodically, using a
multiplexer provides a cost-effective alternative to dedicated ADCs for each channel.

4. Amplifier. Amplifiers are used to scale the incoming signal up or down to be compatible with the range of
the analog-to-digital converter.

5. Analog-to-digital converter. As its name indicates, the function of the ADC is to convert the incoming
analog signal into its digital counterpart.
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Figure 6.9 Steps in analog-to-digital conversion of
continuous analog signals from process.

Analog signal

Variable /

- Discrete
sampled signal

Time

Figure 6.10 Analog signal converted into series of
discrete sampled data by analog-to-digital converter.

Consider the operation of the ADC, which is the heart of the conversion process. Analog-to-digital
conversion occurs in three steps: (1) sampling, (2) quantization, and (3) encoding. Sampling consists of
converting the continuous signal into a series of discrete analog signals at periodic intervals, as shown in
Figure 6.10. In quantization, each discrete analog signal is assigned to one of a finite number of previously
defined amplitude levels. The amplitude levels are discrete values of voltage ranging over the full scale of
the ADC
In the encoding step, the discrete amplitude levels obtained during quantization are converted into digital
code, representing the amplitude level as a sequence of binary digits. In selecting an analog-to-digital
converter for a given application, the following factors are relevant: (1) sampling rate, (2) conversion time,
(3) resolution, and (4) conversion method.



The sampling rate is the rate at which the continuous analog signals are sampled or polled. A higher
sampling rate means that the continuous waveform of the analog signal can be more closely approximated.
When the incoming signals are multiplexed, the maximum possible sampling rate for each signal is the
maximum sampling rate of the ADC divided by the number of channels that are processed through the
multiplexer. For example, if the maximum sampling rate of the ADC is 1,000 samples/sec, and there are 10
input channels through the multiplexer, then the maximum sampling rate for each input line is 1,000>10 =
100 sample>sec. (This ignores time losses due to multiplexer switching.)

The maximum possible sampling rate of an ADC is limited by the ADC conversion time. Conversion
time of an ADC is the time interval between the application of an incoming signal and the determination of
the digital value by the quantization and encoding steps of the conversion procedure. Conversion time
depends on (1) the type of conversion procedure used by the ADC and (2) the number of bits n used to
define the converted digital value.

4. An automated production line consists of multiple workstations that are automated and linked together by
a work handling system that transfers parts from one station to the next, as depicted in Figure 16.1. A raw
work part enters one end of the line, and the processing steps are performed sequentially as the part
progresses forward (from left to right in the drawing). The line may include inspection stations to perform
intermediate quality checks. Also, manual stations may be located along the line to perform certain
operations that are difficult or uneconomical to automate. Each station performs a different operation, so all
operations must be performed to complete each work unit. Multiple parts are processed simultaneously on
the line, one part at each station. In the simplest form of production line, the number of parts on the line at
any moment is equal to the number of workstations, as in the figure. In more complicated lines, provision is
made for temporary parts storage between stations, in which case there are more parts than stations.
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Figure 16.1 General configuration of an automated production line. Key: Proc =
processing operation, Aut = automated workstation.

Work Part Transport

The work part transport system moves parts between stations on the line. Transport mechanisms used on
automated production lines are usually either synchronous or asynchronous but rarely continuous.
Synchronous transport has been the traditional means of moving parts in a transfer line. However,
asynchronous transport provides certain advantages over synchronous transport: (1) they are more flexible,
(2) they permit queues of parts to form between workstations to act as storage buffers it is easier to rearrange
or expand the production line. These advantages come at a higher first cost. Continuous work transport
systems, although widely used on manual assembly lines, are uncommon on automated lines due to the
difficulty in providing accurate registration between the station work heads and the continuously moving
parts.

System Configurations

Although Figure 16.1 shows the flow of work to be in a straight line, the work flow can actually take several
different forms: (1) in-line, (2) segmented in-line, and (3) rotary. The in-line configuration consists of a
sequence of stations in a straight line arrangement, as in Figure 16.1. This configuration is common for
machining big work pieces, such as automotive engine blocks, engine heads, and transmission cases.
Because these parts require a large number of operations, a production line with many stations is needed.



The in-line configuration can accommodate a large number of stations. In-line systems can also be designed
with integrated storage buffers along the flow path
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The segmented in-line configuration consists of two or more straight-line transfer sections, where the
segments are usually perpendicular to each other. Figure 16.2 shows several possible layouts of the
segmented in-line category. There are a number of reasons for designing a production line in these
configurations rather than in a pure straight line: (1) available floor space may limit the length of the line,
(2) a workpiece in a segmented in-line configuration can be reoriented to present different surfaces for
machining, and (3) the rectangular layout provides for swift return of work-holding fixtures to the front of
the line for reuse.

Figure 16.3 shows two transfer lines that perform metal machining operations on automotive castings. The
first line, on the left-hand side, is a segmented in-line configuration in the shape of a rectangle. Pallet
fixtures are used in this line to position the starting castings at the workstations for machining. It is a
palletized transfer line. The second line, on the right side, is a conventional in-line configuration. When
processing on the first line is completed, the parts are manually transferred to the second line, where they are
reoriented to present different surfaces for machining. In this line the parts are moved individually by the
transfer mechanism, using no pallet fixtures. It is a free transfer line.
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Figure 16.3 Two machining transfer lines. On the left is a segmented in-line configuration that uses
pallet fixtures to locate the work parts. The return loop brings the pallets back to the front of the line.
On the right, the second transfer line is an in-line configuration. The manuval station between the lines
is used to reorient the parts, represented as ovals. Pallet fixtures are represented as rectangles.

In the rotary configuration, the work parts are attached to fixtures around the periphery of a circular
worktable, and the table is indexed (rotated in fixed angular amounts) to present the parts to workstations for
processing. A typical arrangement is illustrated in Figure 16.4. The worktable is often referred to as a dial,
and the equipment is called a dial-indexing machine.
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Fipure 16.4 Rotary indexing machine (dial-indexing machine).
Key: Proc = processing operation, Aut = automated workstation.

5. Continuous Control systems
In continuous control, the usual objective is to maintain the value of an output variable at a desired level,
similar to the operation of a feedback control system.

Regulatory Control: In regulatory control, the objective is to maintain process performance at a

certain level or within a given tolerance band of that level. This is appropriate, for example, when the
performance attribute is some measure of product quality, and it is important to keep the quality at the
specified level or within a specified range. In many applications, the performance measure of the process,
sometimes called the index of performance, must be calculated based on several output variables of the
process. Except for this feature, regulatory control is to the overall process what feedback control is to an
individual control loop in the process, as suggested by Figure 5.2.
The trouble with regulatory control (and also with a simple feedback control loop) is that compensating
action is taken only after a disturbance has affected the process output. An error must be present for any
control action to be taken. The presence of an error means that the output of the process is different from the
desired value.
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Figure 5.2 Regulatory control.

Feed forward Control. The strategy in feed forward control is to anticipate the effect of disturbances that
will upset the process by sensing them and compensating for them before they affect the process. As shown
in Figure 5.3, the feed forward control elements sense the presence of a disturbance and take corrective
action by adjusting a process parameter that compensates for any effect the disturbance will have on the
process. In the ideal case, the compensation is completely effective. However, complete compensation is
unlikely because of delays and/or imperfections in the feedback measurements, actuator operations, and
control algorithms, so feed forward control is usually combined with feedback control, as shown in the
figure. Regulatory and feed forward control are more closely associated with the process industries than
with discrete product manufacturing.
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Figure 5.3 Feedforward control, combined with feedback control.

Steady-State Optimization: This term refers to a class of optimization techniques in which the process
exhibits the following characteristics: (1) there is a well-defined index of performance, such as product cost,
production rate, or process yield; (2) the relationship between the process variables and the index of
performance is known; and (3) the values of the system parameters that optimize the index of performance
can be determined mathematically. When these characteristics apply, the control algorithm is designed to
make adjustments in the process parameters to drive the process toward the optimal state. The control
system is open loop, as seen in Figure 5.4. Several mathematical techniques are available for solving steady-
state optimal control problems, including differential calculus, calculus of variations, and various
mathematical programming methods.
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Figure 5.4 Steady-state (open loop) optimal control.

Adaptive Control: Steady-state optimal control operates as an open-loop system. It works successfully
when there are no disturbances that invalidate the known relationship between process parameters and
process performance. When such disturbances are present in the application, a self-correcting form of
optimal control can be used, called adaptive control. Adaptive control combines feedback control and
optimal control by measuring the relevant process variables during operation (as in feedback control) and
using a control algorithm that attempts to optimize some index of performance (as in optimal control).

The general configuration of an adaptive control system is illustrated in Figure 5.5.

To evaluate its performance and respond accordingly, an adaptive control system performs three functions,
as shown in the figure:

1. ldentification. In this function, the current value of the index of performance of the system is
determined, based on measurements collected from the process. Because the environment changes over
time, system performance also changes. Accordingly, the identification function must be accomplished more
or less continuously over time during system operation.

2. Decision. Once system performance is determined, the next function decides what changes should
be made to improve performance. The decision function is implemented by means of the adaptive system’s
programmed algorithm. Depending on this algorithm, the decision may be to change one or more input
parameters, alter some of the internal parameters of the controller, or make other changes.

3. Modification. The third function is to implement the decision. Whereas decision is a logic
function, modification is concerned with physical changes in the system. It involves hardware rather than
software. In modification, the system parameters or process inputs are altered using available actuators to
drive the system toward a more optimal state.
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Figure 5.5 Configuration of an adaptive control system.

Discrete Control Systems



In discrete control, the parameters and variables of the system are changed at discrete moments in time, and
the changes involve variables and parameters that are also discrete, typically binary (ON/OFF). The changes
are defined in advance by means of a program of instructions.

6. Storage Buffers

Automated production lines can be designed with storage buffers. A storage buffer is a location in the
production line where parts can be collected and temporarily stored before proceeding to downstream
workstations. The storage buffers can be manually operated or automated. When it is automated, a storage
buffer consists of a mechanism to accept parts from the upstream workstation, a place to store the parts, and
a mechanism to supply parts to the downstream station. A key parameter of a storage buffer is its storage
capacity, that is, the number of work parts it can hold. Storage buffers may be located between every pair of
adjacent stations, or between line stages containing multiple stations.

There are several reasons why storage buffers are used on automated production lines:

To reduce the impact of station breakdowns. Storage buffers between stages on a production line
permit one stage to continue operation while the other stage is down for repairs.

To provide a bank of parts to supply the line. Parts can be collected into a storage unit and
automatically fed to a downstream manufacturing system. This permits untended operation of the
system between refills.

To provide a place to put the output of the line.

To allow for curing time or other process delay. A curing time is required for some processes such as
painting or adhesive application. The storage buffer is designed to provide sufficient time for curing
to occur before supplying the parts to the downstream station.

To smooth cycle time variations. Although this is generally not an issue in an automated line, it is
relevant in manual production lines, where cycle time variations are an inherent feature of human
performance.



