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DEPARTMENT OF MECHANICAL ENGINEERING
UNIT-11 AUTOMATED MANUFACTURING SYSTEMS

PART-A

1. Define Production line.

A production line is a series of sequential processes in a factory where specific tasks are
performed at different stations to assemble parts into a finished product. It ensures efficient and
consistent mass production.

2. What are the basic system configurations for an automated production line?
The basic system configurations for an automated production line include:
« In-line configuration, where machines are arranged in sequence along a line.
« Circular configuration, where machines are arranged in a circular pattern.
o Carousel configuration, which uses a conveyor belt or carousel to move parts between
stations.
3. Define Automation.

It is technology concerned with the application of Mechanical, electronic & computer —
based systems to operate and control production in order to improves productions.
4. What are the different methods of work part transport

A work part transfer mechanism moves parts between different stations in an automated
production line. Common types include conveyors, robotic arms, and indexing mechanisms.

(i) Continuous transfer
(i) Intermission or synchronous transfer
(iii)Asynchronous transfer
5. Define Continuous transfer
» In this method the work part are moved continuously at constant speed
» This requires the work heads to move during processing in order to maintain continuous
registration with the work part.
6. Define Intermittent transfer
> In this method the work pieces are transported with an intermittent or discontinuous
motion.
» The work stations are fixed in position and parts are moved between stations then
registration.
» All work parts are transported at the same time and for this reason it called synchronous
transfer system.
7. Define Asynchronous transfer
» In this system each work parts to move to next stations when processing at the current
station has been completed.
> In it each parts moves in dependently of other parts.
» Asynchronous transfer systems move flexible than the other two system.
> It is used where there are one or more manually operated stations and cycle time variation
8. What are the fundamentals of an automated assembly system?
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The fundamentals of an automated assembly system include:
o System configuration: Arranging components for smooth workflow.
o Part delivery: Ensuring parts are supplied at the right time and position

Robotics and automation: Using mechanical devices to handle tasks.
9. How are parts delivered to workstations in an automated system?

Parts are delivered to workstations through mechanisms like conveyors, vibratory bowl
feeders, robotic arms, or automatic guided vehicles (AGVSs), ensuring a smooth and timely
process.

10. What is the importance of designing for automated assembly?

Designing for automated assembly ensures that products are easy to assemble by
machines, improving efficiency, reducing errors, and lowering production costs. Design features
like modularity, symmetry, and reduced part complexity are emphasized.

11. What is material handling equipment? Provide an overview.

Material handling equipment refers to devices used to move, store, and control materials.
Examples include conveyors, cranes, forklifts, automated guided vehicles (AGVs), and hoists.
These systems help streamline production, reduce labor, and increase safety.

12. What are the key considerations in material handling system design?

v Material type and properties: Size, weight, shape, and fragility.

v Flow and process layout: How materials move through the system.

v Ergonomics and safety: Ensuring worker safety and ease of operation.

v Cost and efficiency: Balancing cost-effectiveness with operational efficiency.
13. Name any two of the 10 principles of material handling.

Two of the 10 principles are:

v Principle of Planning: Material handling should be a coordinated, planned
activity.
v Principle of Standardization: Use standardized methods and equipment to
ensure consistency and efficiency.
14. What are the types of conveyor systems used in automation?
Common types of conveyors include:
v" Belt conveyors: Use belts to move items, commonly used for bulk goods.
v Roller conveyors: Utilize rollers to transport items, suitable for heavier loads.
15. What are the key operations and features of conveyor systems?
v Continuous movement: Smooth and consistent part transfer.
v Automation compatibility: Integration with sensors and robotic systems.
v Load capacity: Ability to handle materials of varying sizes and weights.
Here are two-mark questions with answers based on the provided topics:
16. What are Automated Guided Vehicles (AGVs) and their types?

Automated Guided Vehicles (AGVs) are mobile robots used for transporting materials in

industrial environments without human intervention. Common types of AGVs include:
(i) Tugger AGVs, used for pulling carts.
(i) Unit Load AGVs, designed to carry a single load.
(iii) Forklift AGVs, used for lifting and transporting pallets.

17. What are the main applications of Automated Guided Vehicles (AGVs)?

AGVs are primarily used in:

(i) Warehousing and distribution for automated material handling.
(i) Manufacturing environments for moving parts between workstations.
(iii) Healthcare for transporting medical supplies and equipment.

18. What technologies are used for vehicle guidance in AGV systems?
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AGYV systems use various vehicle guidance technologies, including:
a) Laser guidance, where AGVs follow reflected laser beams.
b) Magnetic tape or wire guidance, which uses embedded magnetic tracks.
Vision-based guidance, where cameras and sensors help navigate.
19. What safety features are incorporated in AGV systems?
AGV systems ensure safety using features such as:
a) Obstacle detection sensors, like LIDAR or ultrasonic sensors, to avoid collisions.
b) Emergency stop mechanisms to halt operations during a critical event.
c) Safety bumpers to prevent damage in case of accidental contact.
20. What are conventional storage methods and equipment?
Conventional storage methods include:
« Pallet racking systems, used for storing pallets.
o Shelving units, for smaller items. Equipment used includes forklifts and manual order
pickers.
21. What is an Automated Storage/Retrieval System (AS/RS)?

An Automated Storage/Retrieval System (AS/RS) uses computer-controlled systems to
automatically retrieve and store items. It is typically used in warehouses and distribution centers
for high-density, high-speed storage and retrieval.

22. What is a carousel storage system?

A carousel storage system is a rotating storage mechanism, either horizontal or vertical,
where stored items rotate to the operator for easy retrieval. It improves space utilization and
reduces picking time.

23. What is smart manufacturing?

Smart manufacturing involves using data-driven technology and automation to enhance
the efficiency, flexibility, and responsiveness of production processes. It integrates 10T, Al, and
cloud computing to improve decision-making.

24. What is Industry 4.0?

Industry 4.0 refers to the fourth industrial revolution, which emphasizes automation, real-
time data exchange, 10T, cyber-physical systems, and Al to create smart factories with advanced
manufacturing capabilities.

25. What is digital manufacturing?

Digital manufacturing uses computer systems and digital tools to plan, simulate, and
optimize production processes. It allows virtual testing and refinement of products before
physical manufacturing.

26. What is virtual manufacturing?

Virtual manufacturing refers to using simulation tools and 3D models to digitally
replicate the production environment. This allows manufacturers to test processes and optimize
workflows without physically altering the production line.

PARTB&C

1. Explain the types of automated production flow line?

Automated production flow lines are designed to enhance efficiency, consistency, and
speed in manufacturing. They involve the use of automated systems to manage and control the
flow of materials and products through various stages of production. It is basically divided into
two types depending upon the forms in which the work flow can take place as.

(i) In-Line Type:
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In-line production flow lines involve a linear sequence of workstations arranged in a
straight line. Materials or products move in a straight path from one workstation to the next, with
each station performing a specific task.
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Characteristics:
« Sequential Process: Products move linearly through each station where individual tasks
or operations are performed.
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o Fixed Layout: The layout is typically fixed, with products following a predetermined
path.

o Continuous Flow: Ensures a steady, uninterrupted flow of materials or components
through the production process.

Advantages:
o Simplified Workflow: Easy to understand and manage due to its straightforward, linear
layout.

« Efficient for High Volumes: Ideal for high-volume production of standardized products
where the process is consistent.
o Easy Integration: Can be easily integrated with automated conveyor systems and robotics.
Disadvantages:
o Limited Flexibility: Less adaptable to changes in product design or production volume.
« Bottleneck Risk: A slowdown or issue at any station can affect the entire line.
Examples:
« Automotive Assembly Lines: Components are assembled in a sequential manner, with
each station adding a specific part or performing a particular task.
o Electronic Assembly: Components are assembled in a fixed sequence, with each
workstation handling a specific aspect of the assembly.
(il) Rotary Type:
Description: Rotary production flow lines involve a circular or rotary arrangement of
workstations. Products or components are moved around a central rotating platform or table,
with each workstation positioned around the circle to perform specific tasks as the product passes

by.
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Characteristics:
e Circular Motion: Products are moved in a circular path around a rotating platform or
table.
« Stationary Workstations: Workstations remain in fixed positions while the products move
around them.
o Batch Processing: Often used for batch processing where products are processed in
groups rather than continuously.
Advantages:
« Compact Design: Can be more space-efficient compared to in-line systems, especially in
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environments with limited floor space.
¢ Reduced Space Requirements: Suitable for smaller facilities or when space is at a
premium.
e Increased Throughput: Allows for faster processing times for certain operations due to
continuous rotation.
Disadvantages:
o Complex Setup: May require more complex setup and alignment compared to linear
systems.
o Limited Flexibility: Less adaptable to changes in product types or sizes compared to
modular systems.
Examples:
o Bottle Filling: Rotary filling machines in the beverage industry where bottles move
around a rotating platform to be filled, capped, and labelled.
« Automated Dialysis Machines: In medical device manufacturing, rotary systems can be
used for the assembly of complex components.
2. Explain types and reason for automation?
It is technology concerned with the application of Mechanical, electronic & computer —
based systems to operate and control production in order to improves productions.
Type of Automation:
1) Fixed Automation
2) Programmable Automation
3) Flexible Automation

Programmable ’

Automation
Product
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Automation

Fixed
Automation

100 10k 10L
Production Quantity
1) Fixed Automation:-
e Fixed automation is a system in which the sequence of processing is fixed by equipment
configuration.
e The operation sequence is simple.
e Higher initial investment of custom equipment
e High production capacity
e Inflexible to accommodate product changes
Example: Automated material handling & transfer lines & assembly equipment’s.
2) Programmable Automation:-
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e In its production equipment is designed with the capability to change the sequence of
operation to accommodate change of product design.
e The operation sequence is controlled by a program in form of coded instructions.
e For producing new batch of new design product, the system can be reprogrammed.
e High investment initially.
e Low production as compares to fixed automation.
o Flexibility to accommodate new design of product.
e It is most suitable of batch production.
Examples: - NC controlled m/c tolls & Industrial robots.
3) Flexible Automation:-
e Itis an extension of programmable automation.
e ltis flexible automated system which can accommodate design change of product.
e In it one advantage is that there is time lost for change over’s from one product to the
next.
e There is no production time lost while reprogramming the system and allotting the
physical setup of tolling, fixtures, machines setting.
e High investment initially.
e Continuous production with variety of product.
e Medium production rate.
e Flexibility for verity of product design change over.
Example: - CNC m/c tools, reprogrammable Industrial robots.
Reasons for Automation:-
1) Increased productivity due competition
> Due to Industrialization and globalization the global competition escalates which
causes increase the demand the stoner of productivity & quality.
» Automation of manufacturing operations promise to in erasing the productivity of
labour.
» Automation causes higher output to lesser input.
» Higher production rates are achieved with automation as compare to manual
operations.
2) High cost of Labour
» Automation system required less Labour hence increasing cost of Labour don’t of
heat on it.
> Higher cost of Labour is forcing businesses to substitute m/c’s for human Labour.
» Machines can produce higher rates of output the use of automation results in a
lower cost per unit of product.
3) Labour shortage
» Many Advanced nations, there has been a shortage of Labour.
» Labour shortages stimulate the development of automation as a substitute of
Labour.
4) Trend of Labour toward the sector
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» There is some social & institutional forces Labour toward the service sector.
» There has been a tendency for people to view factory work as tedious, demeaning
& dirty.
» This view has caused them to seek employment in the service sector of the
economy.
5) Safety
» Automation delaminates the human role, work is made safer.
» The safety and physical well-being of the worker is main objective of today’s
industries.
6) High cost of raw materials
» The high cost of raw materials in manufacturing results in the need for greater
efficiency in using their materials.
» The reduction of scrap is one of the benefits of automation.
7) Improved Product Quality
» Automated operation not only produces parts of faster rates but they produce parts
with greater consistency and conformity to quality.
8) Reduced manufacturing Lead time
» For automation allows the manufacturer to reduce the time between custom order
and product delivery.
9) Reduction of in process inventory
» Holiday large inventories of work in process represent a significant cost to the
manufacturer because it ties up capital.
> In process inventory is of no value.
> It is to the manufacturer’s advantage to reduce work in progress to a minimum.
» Automation plays big role to reducing time a work part spends in the factory.
10) High cost of not automation
» The benefits of automation often show up in intangible and unexpected ways.
Such as improved quality, higher sales, better Labour relations and better
company image. Companies that do not automate are likely to final themselves of
a competitive disadvantage with their customers, their employees & the general
public.
3. Explain the work part transfer mechanisms
Transfer mechanisms play a crucial role in automation systems, enabling the movement
of materials, components, or products from one point to another. These mechanisms are essential
for various industrial processes, including manufacturing, assembly, packaging, and logistics.
some common work part transfer mechanisms are
A. Linear transfer mechanism
B. Rotary transfer mechanism
A. Linear transfer mechanism:
a) Walking beam systems
b) Powered roller conveyor system
¢) Chain-drive conveyor system
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a) Walking beam systems:

v In it the work-parts are lifted up from their workstation locations by a transfer bar and

moved one position ahead, to the next station.
v' The transfer bar then lowers the pans into nests which position them more accurately for

Processing.
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b) Powered roller conveyor system:

v' This type of system is used in general stock handling systems as well as in automated

flow lines.

v The conveyor can be used to move pans or pallets possessing flat riding surfaces.
v The rollers can be powered by either of two mechanisms. The first is a belt drive, in
which a flat moving belt beneath the rollers provides the rotation of the rollers by friction

¢) Chain-drive conveyor system:

>

v In it either a chain or a flexible steel belt is used to transport the work carriers.
v The chain is driven by pulleys in either an "over-and under configuration, in which the
pulleys turn about a horizontal axis, or an" around-the-corner” configuration, in which the

pulleys rotate about a vertical axis.

v It can be used for continuous, intermittent, or asynchronous movement of work parts. In

the asynchronous motion.
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B. Rotary transfer mechanisms
a) Rack and pinion
b) Ratchet and pawl
¢) Geneva mechanism
d) CAM Mechanisms
a) Rack and pinion:
v This mechanism is simple but is not considered especially suited to the high-speed
operation often associated with indexing machines.
v A piston to drive the rack, which causes the pinion gear and attached indexing table to
rotate, A clutch or other device is used to provide rotation in the desired direction.

' Adjustable stop

Piston Rack to limit angular
, [ distance indexed
/ |
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b) Ratchet and pawl:
v’ A ratchet is a device that allows linear or rotary motion in only one direction, while
preventing motion in the opposite direction.
v" Ratchets consist of a gearwheel and a pivoting spring loaded finger called a pawl that
engages the teeth. the spring for forcing it back with a 'click’ into the depression before
the next tooth.
v/ When the teeth are moving in the other direction, the angle of the pawl causes it to catch
against a tooth and stop further motion in that direction.
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c¢) Geneva mechanism:
v The Geneva mechanism uses a continuously rotating driver to index the table
v If the driven member has six slots for a six-station dial indexing machine, each turn of the
driver will cause the table to advance one-sixth of a turn.
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d) CAM Mechanisms:
v Cam mechanism provide probably the most accurate and reliable method of indexing the
dial.
v They are in widespread use in industry despite the fact that the cost is relatively high
compared to alternative mechanisms.
v The cam can be designed to give a variety of velocity and dwell characteristics.

Index plate

Cam

4. Explain the types of automated assembly systems.

Automated assembly systems are designed to perform assembly tasks without human
intervention, increasing efficiency and precision in manufacturing processes. Here's an overview
of different types of automated assembly systems, including A) dial-type, B) in-line, C) carousel,
and D) single-station machines.

A) Dial-Type Assembly Machine
o A dial-type assembly machine, also known as a rotary or circular indexing machine, uses

a rotating table (dial) to move workpieces between multiple stations arranged in a circular

pattern. Each station is dedicated to a specific operation, such as inserting, fastening, or

inspecting a part.
e The table indexes (rotates) to bring the workpiece to the next station, where another
operation is performed.
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Key Features:
« Compact Design: Occupies less floor space due to its circular configuration.
e High Throughput: Multiple operations can be performed simultaneously at different

stations.
o Precision: The rotary indexing ensures accurate positioning of parts at each station.
Applications:

o Used for assembling small to medium-sized components in industries such as automotive,
electronics, and consumer goods.
B) In-Line Assembly Machine
« In-line assembly machines arrange workstations along a straight or slightly curved path.
Workpieces move linearly from one station to the next, where specific operations are

performed.
o The transfer of workpieces between stations can be done using conveyors, linear

actuators, or other transfer mechanisms.
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Key Features:
o Scalability: The system can be easily expanded by adding more stations along the line.

o Flexibility: Can accommodate different production processes by rearranging or adding
stations.

e Continuous Flow: Provides a smooth and continuous flow of workpieces through the
assembly process.

Applications:
e Common in large-scale manufacturing, such as automotive assembly, appliance

manufacturing, and packaging.

C) Carousel Assembly System
e The carousel assembly system is a variation of the rotary system but with a more
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complex and flexible setup. It consists of a circular track or conveyor that moves
workpieces between multiple stations in a loop.
o Unlike the dial-type, the carousel system can handle larger or more complex assemblies
by providing more space and flexibility in station arrangement.
Components added at stations
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Key Features:
o Versatility: Can handle larger and more complex assemblies compared to dial-type

systems.
e Multiple Loops: Often includes multiple loops or paths, allowing for more operations or
even parallel processes.
« High Capacity: Suitable for high-capacity production with numerous stations.
Applications:
« Ideal for assembling larger products like home appliances, automotive subassemblies, or
complex electronic devices.
D) Single-Station Assembly Machine
« A ssingle-station assembly machine performs all necessary operations at one station. It is
often used for specialized tasks where the entire assembly can be completed in one
location.
e These machines can be manual, semi-automated, or fully automated, depending on the
complexity of the task.
Components added at one stations
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Key Features:
o Simplicity: The simplest form of an assembly system, often used for low-volume or
specialized production.
« Flexibility: Can be easily adapted or retooled for different products or tasks.
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o Cost-Effective: Lower initial cost compared to multi-station systems.
Applications:

o Used for small-scale production, prototyping, or specialized tasks where high flexibility
is needed, such as custom manufacturing or assembly of complex products with fewer
units.

5. Explain the elements of part delivery at workstations.

Parts delivery to workstations depends upon specific pieces of delivery equipment,
particularly associated with automatic assembly. These pieces of equipment are connected
together to create the parts delivery system.

Parts delivery at workstations is dependent on the following hardware components: the
hopper; the parts feeder; selector and/or orientor devices; the feed track; and escapement and
placement devices.

The following hardware for parts delivery consists of:

(a) Hopper

v This is the container into which the components are loaded at the workstation and which

passes components to the parts feeder.
Parts improperly

oriented fed
back into hopper

Honper Selector

Feed track Assembly
workhead

Work carrier

Escapement
and
placement
v' The components are usually loaded into the hopper in bulk. This means that the parts are

randomly oriented initially in the hopper.

(b) Parts feeder
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v A part feeder is a device used to position and feed individual parts or components into
machines or production lines in an organized manner.

v It removes components from the hopper, and passing them to the feed track.

v’ The parts feeder is often connected to the hopper to form one unit. The hopper and parts
feeder device are often combined as one entity.

Feed track
Outlet

Bowl support frame
Suspension springs

Electromagnet

(c) Selector and Orientor
It is designed to sort, orient, and position parts in the correct manner before they enter
the production or assembly process. These devices ensure that parts are properly aligned and
ready for the next step in the production line, such as assembly, inspection, or packaging.
Selector is a filter device that is responsible for choosing or isolating individual parts from
a bulk supply, ensuring only the correct parts are fed into the production line. The selector
ensures that:
v’ Parts are separated and spaced out.
v Only correctly sized or shaped parts continue to the next stage.
v' Defective or unwanted parts are filtered out.
Orientor is a device that re-orients parts that are not properly oriented initially on the feed
track.
v Correct Alignment: Ensures parts are fed into the system in the correct orientation
(e.g., with a specific side facing up).
v Error Prevention: Prevents jams and misfeeds by ensuring parts are correctly
positioned.
v’ Consistency: Provides a uniform orientation for all parts, improving the accuracy and
efficiency of downstream operations.
Selector and orientor devices are small simple devices built onto the feed track to force
the removal of unacceptable components, or the re-orientation of misaligned ones.
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(d) Feed track:
A feed track is used to transfer the components from the hopper and parts feeder to the

location of the assembly work head, maintaining proper orientation of the parts during the
transfer. It guides, transports, and directs parts from the feeding device (such as a vibratory bowl
feeder or step feeder) to the next stage in the production or assembly process.
Two general categories of feed tracks:

(1) Gravity: The force of gravity is used to deliver the components to the work head.

(2) Powered: vibratory action, air pressure, or other means to force the parts to travel
along the feed track toward the assembly work head.

(e) Escapement and placement devices

It is a device used to remove components from the feed track (escapement), and to place
them at the workstation for the assembly operation (placement); there are a number of different
device designs to accomplish this.

Escapement and placement devices include mechanisms with various designs to suit the
needs of the workstation in question; they include: horizontal and vertical placement devices;
work carrier actuated escapement devices; and pick-and-place mechanisms.
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6. Explain Design for automated assembly?

Designing for automated assembly (DFA) is a methodology that optimizes product
design to facilitate easy and efficient assembly using automation. This process enhances the
assembly speed, minimizes labour costs, reduces errors, and improves overall product quality.
The factors to be consider in design for automated assembly are:

(1) Simplify the Design:

o Reduce Part Count: Minimize the number of parts to simplify assembly and reduce the
time needed for machines to pick, place, or assemble components. If possible, use multi-
functional components.

e Use Modular Design: Break the product into modular sections to enable parallel
assembly, making it easier to automate the process.

e Minimize Fasteners: Eliminate or reduce the number of screws, nuts, and bolts. Use
snap-fits, clips, or adhesives instead, which can be easier for robots to handle.

(2) Standardize Components:

o Use Standardized Parts: Utilize commonly available, standardized components, which
are easier for automated systems to recognize, handle, and assemble.

e Design for Common Tools: Ensure that a minimum number of tools are needed for
assembly by robots or machines.

(3) Design for Robotic Handling:

o Symmetrical Parts: Design parts to be symmetrical whenever possible to avoid complex
orientation checks. If symmetry isn’t possible, make the asymmetric features obvious for
easier orientation by machines.

o Clear Part Features: Design parts with clear features that can be recognized by sensors
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or vision systems for correct positioning and handling.

e Minimize Fragility: Ensure parts are durable enough to be handled by robots without

breaking or bending, which can stall or damage the automated system.
(4) Facilitate Easy Orientation and Insertion:

o Chamfered Edges: Include chamfers, tapers, or lead-ins on parts to ease the insertion
process, especially for pins or connectors.

o Self-Locating Features: Use features that allow parts to self-align during assembly,
reducing the precision required by machines.

e Avoid Tight Tolerances: Tight tolerances complicate robotic assembly, so allow for
greater tolerances where possible.

(5) Minimize Reorientations and Movements:

o Part Orientation: Design parts so they require minimal reorientation during the
assembly process. Machines or robots are more efficient when fewer movements are
required.

« Single-Direction Assembly: Whenever possible, design the assembly process to happen
in one direction. This simplifies robotic arm movements and reduces the complexity of
the process.

(6) Ensure Accessibility:

o [Easy Access for Assembly Tools: Ensure that parts, fasteners, and components are
easily accessible by robotic arms or grippers during the assembly process.

o Clear Pathways: Avoid any obstruction that would hinder access to critical assembly
areas. Parts should not block one another.

(7) Minimize Part Variety and Customization:

e Reduce Variability: Reducing the variety of parts lowers the complexity for an
automated system. Automated systems handle repetitive tasks better than complex or
varied operations.

e Color and Material Coding: If different parts are similar, color-coding or using
different materials for differentiation can help the machine easily recognize them.

(8) Design for Testing and Quality Control:

e Include Testing Points: Incorporate features or access points in the design where
automated testing machines can easily check functionality, alignment, or other metrics.

o Integrated Quality Checks: Design features that make it easier to inspect and test parts
during the assembly process without disrupting the workflow.

(9) Consider Material Compatibility:

e Robust Materials: Use materials that are compatible with the automated tools in terms
of strength, flexibility, and handling properties.

e Avoid Hazardous Materials: Ensure the materials do not pose safety hazards to
automated equipment and ensure they are environmentally safe.

(10) Design for Maintenance and Upgrades:

e« Modular Assembly: Modular designs make it easier to disassemble and upgrade
components as needed during the product's lifecycle.

« Maintenance Accessibility: Consider how the product can be maintained or repaired by
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automated systems or technicians with minimal difficulty.
7. Explain material handling equipment
Material handling equipment (MHE) is crucial in manufacturing, warehousing, and
distribution industries, as it facilitates the movement, storage, control, and protection of materials
throughout the supply chain. Below are the main categories of material handling equipment,
along with examples and use cases for each type:
(1) Transport Equipment
Transport equipment is used to move materials from one location to another within a
facility, such as between workstations or to storage areas. This can include manual, semi-
automated, and fully automated systems.
a) Conveyors
Conveyors are used to transport materials along a fixed path. They can be belt,
roller, or chain-based depending on the type of material to be moved.

o Belt Conveyor: Common in assembly lines and distribution centers to move

packages.

o Roller Conveyor: Used to move heavy items, like pallets or crates.

o Screw Conveyor: Often used for bulk materials like grains or powder.
Applications: Automated factories, airports (for luggage handling), warehouses, and
production lines.

b) Forklifts
Powered industrial trucks with forks used to lift, move, and stack materials.

o Counterbalance Forklift: The most common type, designed for carrying loads.

o Reach Truck: Used for high racks in warehouses, ideal for narrow aisles.

o Pallet Jack (Manual and Electric): Used for lifting and moving pallets.
Applications: Warehouses, construction sites, and loading/unloading trucks.
¢) Automated Guided Vehicles (AGVs)

Self-guided vehicles that transport materials along a predetermined path or
dynamically navigate using sensors and software.

o Tugger AGVs: Tow carts with materials to different areas.

o Unit Load AGVs: Transport large unit loads like pallets or containers.

o Fork AGVs: Capable of handling pallets similarly to forklifts.

Applications: Automated warehouses, assembly lines, and manufacturing plants.
d) Cranes

Used to lift and move heavy materials vertically and horizontally.

o Overhead Cranes: Used in factories or shipyards to move heavy loads across

large spaces.

o Jib Cranes: Smaller cranes with a fixed arm used for localized lifting.

o Gantry Cranes: Portable, usually used outdoors for lifting large items.
Applications: Heavy manufacturing industries, shipbuilding, and construction.

(2) Positioning Equipment
Positioning equipment is used to handle materials in a way that improves ergonomics
or precision, reducing the need for manual labor and improving safety.

Page 19
Department Of Mechanical Engineering Rohini College of Engineering And Technology



a) Lift Tables
Mechanical or hydraulic platforms that can be raised or lowered to help workers
handle heavy materials at ergonomic heights.
Applications: Used in assembly lines, manufacturing processes, and maintenance operations.
b) Industrial Robots
Robots designed for precise material handling tasks, such as picking, placing,
sorting, and packaging.
o Atrticulated Robots: Multi-jointed robots capable of complex movements, often
used for assembly and packaging.
o Cartesian Robots: Operate on three linear axes and are commonly used in pick-
and-place applications.
Applications: Electronics assembly, food packaging, and automotive industries.
¢) Hoists
Devices that use a rope or chain to lift materials vertically.
o Electric Chain Hoist: Motorized for heavier loads.
o Manual Hoist: Hand-operated for smaller tasks.
Applications: Used in factories, construction, and shipyards.
(3) Storage Equipment
Storage equipment is designed to hold or buffer materials during the production
process or between operations. Effective storage equipment maximizes space utilization and
ensures efficient material retrieval.
a) Racks
Frameworks used for storing materials, typically in a warehouse.
o Pallet Racks: Used to store pallets in warehouses.
o Cantilever Racks: Ideal for long or bulky items like pipes and timber.
o Drive-in/Drive-through Racks: Allow forklifts to drive directly into the storage
area for pallet placement.
Applications: Warehousing, retail distribution, and manufacturing storage.
b) Bins and Containers
Small, compartmentalized containers used to store individual parts or materials.
o Stackable Bins: Designed to stack securely on top of each other.
o Collapsible Containers: Foldable containers that save space when not in use.
o Totes: Used for smaller parts, especially in distribution centers.
Applications: Inventory management, assembly lines, and distribution centers.
¢) Automated Storage and Retrieval Systems (AS/RS)
Fully automated systems for retrieving and storing materials in high-density storage
environments.
o Shuttle Systems: Small robotic shuttles move between aisles to store and retrieve
items.
o Vertical Lift Modules (VLMs): Automatically bring trays of items to the operator.
o Carousel Systems: Rotating systems that deliver items to operators.
Applications: E-commerce, pharmaceuticals, and automated warehouses.
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(4) Unit Load Formation Equipment
These systems handle materials as unit loads, which are groupings of items arranged
for efficient handling.
a) Pallets
Flat structures used to transport stacked goods as a single unit.
o Wooden Pallets: Traditional, durable, and widely used.

o Plastic Pallets: Lighter and more hygienic, often used in food and pharmaceutical
industries.

o Metal Pallets: Used for heavy-duty applications.
Applications: Warehousing, shipping, and logistics.
b) Shrink Wrapping and Stretch Wrapping Machines
Used to wrap materials (often on pallets) with plastic film to secure them for
transport or storage.
Applications: Warehousing and distribution for securing loads on pallets.
c) Palletizers
Machines used to automatically stack products onto a pallet in a predetermined
pattern.
o Conventional Palletizers: Use mechanical arms to arrange items.
o Robotic Palletizers: Use robotic arms for more flexible, dynamic stacking.
Applications: Food and beverage, consumer goods, and industrial products.
(5) Identification and Control Equipment
Identification and control systems help track and manage materials as they move
through a facility.
a) Barcode Scanners and RFID Systems
Barcode or Radio Frequency ldentification (RFID) systems used to track inventory
and control material movement.
Applications: Inventory management, product tracking, and logistics.
b) Weighing Systems
Integrated scales used to weigh materials during production or shipping to ensure
accuracy.
8. Explain the considerations in Material Handling System Design
When designing a material handling system, several critical considerations need to be
addressed to ensure that the system is efficient, safe, and cost-effective. These considerations can
be categorized into technical, operational, and economic factors. Some key considerations are
(1) Material Characteristics
v Weight and size: Determine the dimensions and weight of the materials to be handled.
v Shape: Consider the shape of the materials (e.g., rectangular, cylindrical, irregular) to
select appropriate handling equipment.
v Fragility: Assess the fragility of the materials to avoid damage during handling.
v Hazardous properties: If the materials are hazardous (e.g., toxic, flammable), ensure
proper handling procedures and equipment.
(2) Flow and Volume
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v Flow patterns: Analyze the movement of materials within the facility (e.g., linear,
circular, back-and-forth).
v Volume: Determine the quantity of materials to be handled and the frequency of
movement.
v Storage requirements: Consider the storage needs of the materials, including storage
capacity, accessibility, and security.
(3) Equipment Selection
v Compatibility: Choose equipment that is compatible with the material characteristics
and handling requirements.
v Efficiency: Select equipment that is efficient, reliable, and easy to operate.
v Cost: Evaluate the initial and ongoing costs of the equipment, including maintenance,
energy consumption, and labor requirements.
(4) Layout and Space Utilization
v Facility layout: Design the layout of the facility to optimize material flow and minimize
handling distances.
v' Space constraints: Consider the available space within the facility and plan accordingly.
v Flexibility: Design the system to be flexible and adaptable to future changes in
production or storage needs.
(5) Safety and Ergonomics
v Safety standards: Adhere to safety regulations and guidelines to protect workers.
v Ergonomics: Design the system to minimize physical strain on workers and improve
productivity.
v Emergency procedures: Develop emergency procedures to address potential hazards
and ensure safety.
(6) Integration with Other Systems
v Production processes: Ensure the material handling system integrates seamlessly with
production processes and equipment.
v Information systems: Consider the integration of the system with other information
systems, such as inventory management and quality control.
(7) Environmental Considerations
v Sustainability: Evaluate the environmental impact of the system, including energy
consumption, waste generation, and emissions.
v Regulations: Comply with environmental regulations and standards.
9. Explain the 10 principles of Material handling

The 10 principles of material handling are guidelines established to optimize material
handling systems in terms of efficiency, safety, and cost-effectiveness.
(1) PLANNING PRINCIPLE:

All material handling should be the result of a deliberate plan where the needs,
performance objectives and functional specification of the proposed methods are completely
defined at the outset.

Definition: A plan is a prescribed course of action that is defined in advance of
implementation. In its simplest form a material handing plan defines the material (what) and the
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moves (when and where); together they define the method (how and who).

v The plan should be developed in consultation between the planner(s) and all who will
use and benefit from the equipment to be employed.

v" Success in planning large scale material handling projects generally requires a team
approach involving suppliers, consultants when appropriate, and end user specialists
from management, engineering, computer and information systems, finance and
operations. The material handling plan should reflect the strategic objectives of the
organization as well as the more immediate needs.

(2) STANDARDIZATION PRINCIPLE:

Material handling methods, equipment, controls and software should be standardized
within the limits of achieving overall performance objectives and without sacrificing needed
flexibility, modularity and throughput, anticipation of changing future requirements.

Definition: Standardization means less variety and customization in the methods and
equipment employed.

v The planner should select methods and equipment that can perform a variety of tasks
under a variety of operating conditions and in Standardization applies to sizes of
containers and other load forming components as well as operating procedures and
equipment. Standardization, flexibility and modularity must not be incompatible.

(3) WORK PRINCIPLE:

Material handling work should be minimized without sacrificing productivity or the level
of service required of the operation.

Definition: The measure of work is material handling flow (volume, weight or count per
unit of time) multiplied by the distance moved.

v" Simplifying processes by reducing, combining, shortening or eliminating unnecessary
moves will reduce work.

v Consider each pickup and set-down, or placing material in and out of storage, as distinct
moves and components of the distance moved.

(4) ERGONOMIC PRINCIPLE:

Human capabilities and limitations must be recognized and respected in the design of
material handling tasks and equipment to ensure safe and effective operations.

Definition: Ergonomics is the science that seeks to adapt work or working conditions to
suit the abilities of the worker.

v" Equipment should be selected that eliminates repetitive and strenuous manual labor and
which effectively interacts with human operators and users.

v The ergonomic principle embraces both physical and mental tasks.

(5) UNIT LOAD PRINCIPLE:

Unit loads shall be appropriately sized and configured in a way which achieves the
material flow and inventory objectives at each stage in the supply chain.

Definition: A unit load is one that can be stored or moved as a single entity at one time,
such as a pallet, container or tote, regardless of the number of individual items that make up the
load.

v" Less effort and work is required to collect and move many individual items as a single
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load than to move many items one at a time.

v’ Load size and composition may change as material and product moves through stages of

manufacturing and the resulting distribution channels.
(6) SPACE UTILIZATION PRINCIPLE:

Effective and efficient use must be made of all available space.

Definition: Space in material handling is three dimensional and therefore is counted as
cubic space.

v' In work areas, cluttered and unorganized spaces and blocked aisles should be
eliminated. In storage areas, the objective of maximizing storage density must be
balanced against accessibility and selectivity. When transporting loads within a facility
the use of overhead space should be considered as an option.

(7) SYSTEM PRINCIPLE:

Material movement and storage activities should be fully integrated to form a
coordinated, operational system which spans receiving, inspection, storage, production,
assembly, packaging, unitizing, order selection, shipping, transportation and the handling of
returns.

Definition: A system is a collection of interacting and/or interdependent entities that
form a unified whole.

v’ Systems integration should encompass the entire supply chain including reverse
logistics. It should include suppliers, manufacturers, distributors and customers.

v Inventory levels should be minimized at all stages of production and distribution while
respecting considerations of process variability and customer service.

(8) AUTOMATION PRINCIPLE:

Material handling operations should be mechanized and/or automated where feasible to
improve operational efficiency, increase responsiveness, improve consistency and predictability.

v Pre-existing processes and methods should be simplified and/or re-engineered before
any efforts at installing mechanized or automated systems.

v Computerized material handling systems should be considered where appropriate for
effective integration of material flow and information management.

(9) ENVIRONMENTAL PRINCIPLE:

Environmental impact and energy consumption should be considered as criteria when
designing or selecting alternative equipment and material handling systems.

Definition: Environmental consciousness stems from a desire not to waste natural
resources and to predict and eliminate the possible negative effects of our daily actions on the
environment.

v Containers, pallets and other products used to form and protect unit loads should be
designed for reusability when possible and/or biodegradability as appropriate.

v’ Systems design should accommodate the handling of spent dunnage, empty containers
and other by-products of material handling.

(10) LIFE CYCLE COST PRINCIPLE:

A thorough economic analysis should account for the entire life cycle of all material

handling equipment and resulting systems.
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Definition: Life cycle costs include all cash flows that will occur between the time the
first dollar is spent to plan or procure a new piece of equipment, or to put in place a new method,
until that method and/or equipment is totally replaced.

v Life cycle costs include capital investment, installation, setup and equipment
programming, training, system testing and acceptance, operating (labor, utilities, etc.),
maintenance and repair, reuse value, and ultimate disposal.

v A plan for preventive and predictive maintenance should be prepared for the equipment,
and the estimated cost of maintenance and spare parts should be included in the
economic analysis.

9. Explain the conveyor system

A conveyor system is a fast and efficient mechanical handling apparatus for
automatically transporting loads and materials within an area. A conveyor system may use a belt,
wheels, rollers, or a chain to transport objects.

A conveyor system is a common piece of mechanical handling equipment that moves
materials from one location to another. Conveyors are especially useful in applications involving
the transport of heavy or bulky materials. Conveyor systems allow quick and efficient transport
for a wide variety of materials, which makes them very popular in the material handling and
packaging industries. They also have popular consumer applications, as they are often found in
supermarkets and airports, constituting the final leg of item/ bag delivery to customers.

This system minimizes human error, lowers workplace risks, and reduces labor costs
among other benefits. They are useful in helping to move bulky or heavy items from one point to
another.

Typically, conveyor systems consist of a belt stretched across two or more pulleys. The
belt forms a closed loop around the pulleys so it can continually rotate. One pulley, known as the
drive pulley, drives or tows the belt, moving items from one location to another.

Benefits of using a conveyor system
> Can safely transport materials from one level to another through elevated conveyors.
> Can be installed in most situations while usually being able to add value and increase the
safety of the workplace due to automation, failsafe, and safeguards.
» Conveyors can move high quantities of items in various shapes, sizes, and weights.
> Have advanced safety features that prevent accidents and injuries while increasing
throughput of the system.
> Variety of options to run the conveying systems, including the hydraulic, mechanical, and
fully automated systems which are equipped to fit individual needs.
Types of conveyor systems

A wide range of conveyor systems that can be used and which conveyor you use or
purchase depends on what you need the conveyor system to do. For example, it wouldn’t make
much sense to use a roller conveyor to speed up people’s walk between two different terminals at
an airport, that’s where it would be best to use a belt conveyor.

(1) Belt Conveyors

Belt conveyors are the most common and simplest form of conveyor and can have

variable speeds. They have a moving belt that rests on a steel frame that supports the belt and the
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materials being moved. Ones that have a supporting frame underneath are referred to as sliding
style. When the belt is supported by closely placed rollers, it is called a roller belt style.
Advantages:
e One of the cheapest conveyors
o Simple and easy to use
o Can have changes in elevation
o Can be loaded from any place along the belt
Disadvantages:
o The simplicity means very limited features
« Belt can be difficult to clean and generally does not leave a very successful result
« Sticky material can get stuck on the belt and transfer to the return side, the rolls, idlers
and pulleys
(2) Gravity Roller Conveyors
Gravity roller conveyors have a set of equally spaced rollers connected to a side frame.
The position of the rollers provides a surface to place materials for movement. If a gravity roller
conveyor is tilted or mounted at an angle, materials move by gravity.
Though pieces of varying sizes can be loaded on a gravity roller conveyor, workers need to be
cautious of larger materials running into smaller ones. Gravity roller conveyors are used by
shipping companies to load and unload trucks.
Advantages:
o Can use gravity for moving the product on a decline angle
e No power means less cost and more environmentally friendly
e Quite modular and can be utilized in many ways
o Fairly low maintenance
Disadvantages:
e Products may end up being damaged when moved by gravity
o Heavy and therefore not very portable
e No control of conveyor speed
(3) Chain Conveyors
Chain conveyors can have two or several sets of chains that make contact with the bottom
of items to be moved. The materials rest on the chains as they are moved. Chain-driven
conveyors are ideal for items with uneven bottom surfaces or ones that are very heavy. Ones that
have a heavy frame can have pallets placed directly on them. Due to the types of items chain
conveyors move, they operate very slowly.
(4) Motorized Roller Conveyors
Motorized roller conveyors use motors, placed along with the conveyor frame, to power
evenly spaced rollers. The design is similar to a gravity conveyor with the addition of motors.
The number of motors is dependent on the load to be moved and the overall design of the
system.
The connection between the rollers can be a chain or belt. In some systems, there is a
sensor that starts and stops the motor to avoid pieces getting packed together.
(5) Slat Conveyors
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Slat conveyors have the same design as chain conveyors with flat slats connected to the
chain. In some ways, they are similar to belt conveyors with slats replacing the belt.
The slats have a very smooth surface that prevents damage or harm to items being moved,
making them ideal for assembly applications. Since the surface is smooth and without
obstructions, slat conveyors can be loaded and unloaded using robotic automation.
(6) Overhead Trolley conveyors

Overhead, trolley track systems can be manually or motor powered. They use an enclosed
track or “I” beam and can move parts through finishing operations, drying booths, or supply
assembly lines.
(7) Monorail Conveyors

Monorail conveying systems have carriers to move materials and are ideal for use over
long distances. Rails are suspended from the structure of the building and have power supplied
by signal lines from conductor lines inside the mounting rails. Monorail conveyors make use of
the space above the production area. In some designs, the carriers lower to the level of
production and then go up, out of the way.

Motorized Roller
Conveyors

Slat Conveyors

X-type chain Soundproofing plate

Cam attachment
Rear trolley

Monorail Conveyors Power and Free Conveyors Inverted Conveyors
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Paternoster Conveyors Pneumatic Conveyors Chute Conveyors
(8) Power and Free Conveyors

Power and free conveying systems are designed to move parts through the production and
assembly process. Items being assembled move from workstation to workstation. They stop at
each station to be worked on and then move on. Power and free systems are a special form of the
overhead conveying system.

(9) Inverted Conveyors

Inverted conveyors are floor mounted and can be used as power and free conveyors. They
normally have a drive system that does not involve a belt or chain.
(10) Paternoster Conveyors

Paternoster conveyors are a vertical conveying system that uses equal spaced load
carriers connected to a chain drive, which moves in a continuous loop. They are also known as
platform conveyors.

(11) Chute Conveyors

Chute conveyors have a smooth flat surface made of wood, metal, or plastic that is set on
an angle in a frame, which can be straight, spiral, or circular. Iltems are slid down the surface.
(12) Screw Conveyors

Screw conveyors are used to moving bulk substances such as granular products, chips,
and loose materials. The central part of a screw conveyor is a rotating helicoid on a shaft inside a
pipe. Screw conveyors are known as an auger, helix, and spiral conveyors. The blades of the
screw flights are designed to carry the material upwards.

(13) Pneumatic Conveyors

Pneumatic conveyors transport bulk materials using a pressurized gas that pushes the
material through a sealed pipeline. As the pressure builds in the pipeline, powders or granular
materials are lifted and moved through the pipe.

(14) Vibratory Conveyors

A vibrating conveyor uses vibrations to move materials along a conveying trough and is
ideal for materials such as grains, various solids, vegetables being picked in a field, and quarried
rocks. The agitations and constant motion gently move products through the use of vibration
cycles. Each form of vibratory conveyor has a specific design to fit its function with ones for
mining being radically different from those made for harvesting and food production.

10. Explain Automated Guided Vehicle (AGV) system.
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An Automated Guided Vehicle (AGV) system is a material handling solution that uses
autonomous vehicles to transport goods and materials within a facility. AGVs are often
employed in warehouses, manufacturing plants, and distribution centers to improve efficiency,
reduce labor costs, and enhance safety by automating the movement of materials.

Components of an AGV System:
1. Automated Guided Vehicles (AGVs):

o These are the physical vehicles that move materials within a facility. AGVs can
be of various types depending on the application, such as:

=  Tugger AGVs: Used to pull trailers or carts.
= Unit Load AGVs: Designed to transport pallets, bins, or other load units.
= Forklift AGVs: Used for lifting and moving materials like a traditional
forklift.
= Assembly Line AGVs: Used in production lines to transport components
between stations.
2. Navigation and Guidance Systems:
o AGVs use various technologies to navigate through the facility:
= Laser Guidance: The AGV uses onboard laser scanners that reflect off pre-
installed reflectors in the environment to navigate.
= Magnetic Tape/Strips: The AGV follows magnetic tapes embedded in the
floor or on the surface.
= Vision Guidance: Cameras and visual recognition software guide the AGV
by recognizing landmarks or floor patterns.
= Inertial Navigation: Combines sensors like gyroscopes and accelerometers
to guide the vehicle based on internal mapping.
= RFID Technology: Radio-frequency identification (RFID) tags can be
placed throughout the facility to help guide AGVs.
3. Control System:

o The AGV fleet is usually managed by a centralized control system that
coordinates the movement of vehicles. The control system assigns tasks,
optimizes routes, manages traffic between AGVs, and ensures operational
efficiency.

o The control system can be integrated with Warehouse Management Systems
(WMS) and Manufacturing Execution Systems (MES) to synchronize with overall
production or distribution operations.

4. Safety Sensors:
o AGVs are equipped with safety sensors such as:
= Proximity Sensors: Detect obstacles and prevent collisions.
= Emergency Stop Buttons: Allow manual shutdown of the AGV in case
of emergency.
= Light Detection and Ranging (LIDAR): Used for detecting obstacles in
the AGV’s path in real-time.
o These safety features are essential to ensure the safe operation of AGVSs in
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environments where humans and machines work together.
Types of AGVs:

1. Tow/Tugger AGVs:

o Designed to pull carts or trailers in a line. Often used in distribution centers or
manufacturing plants for transporting goods between locations.

2. Unit Load AGVs:

o AGVs with conveyors, lifting devices, or platforms that carry unit loads such as
pallets or boxes. They are ideal for transporting large quantities of materials.

3. Forklift AGVs:

o Autonomous forklifts that can lift and move materials vertically. They are used in
facilities where materials need to be stored at various heights, such as in pallet
racking systems.

4. Assembly Line AGVs:

o These AGVs are used in manufacturing assembly lines to transport components
from one workstation to another. They can be integrated with robotic arms for
more advanced assembly tasks.

5. Mobile Robots (AMRYs):

o Though not strictly AGVs, Autonomous Mobile Robots (AMRs) are more
advanced systems that use sophisticated Al and mapping technologies to move
materials freely without needing predefined routes (as AGVs do).

Advantages of AGV Systems

1. Increased Efficiency: AGVs can operate 24/7 without breaks, thus improving material
flow, reducing downtime, and maintaining consistent operations.

2. Reduced Labor Costs: By automating material handling, AGV systems reduce the need
for human labor, which can lower operational costs.

3. Enhanced Safety:AGVs are equipped with advanced safety sensors, which reduce the
risk of accidents and injuries that can occur with manual handling equipment such as
forklifts.

4. Scalability:AGV systems can be scaled easily by adding more vehicles as the operation
grows, without significant disruptions to current workflows.

5. Flexibility:Different types of AGVs can be used to handle different materials and tasks,
making them suitable for a wide range of industries.

6. Improved Accuracy:AGVs follow programmed routes with precision, reducing the
likelihood of human errors, such as misplacing or damaging goods.
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10. Explain Storage system performance
The performance of a storage system is crucial for efficient operations and overall
business success. Some key metrics and considerations to evaluate storage system performance
are:
Key Performance Indicators (KPIs)
1. Utilization Rate: Measures how effectively storage space is used. A high utilization rate
indicates efficient space utilization.
2. Throughput: Represents the volume of materials handled per unit of time. A high
throughput indicates efficient material flow.
3. Accuracy: Measures the accuracy of inventory records and the ability to locate and
retrieve specific items.
4. Damage Rate: Indicates the frequency of material damage during storage and retrieval.
5. Accessibility: Measures the ease with which items can be accessed and retrieved.
6. Cost-Effectiveness: Considers the total cost of ownership, including acquisition,
maintenance, and operating costs.
7. Flexibility: Assesses the system's ability to adapt to changes in storage needs and product
mix.
8. Safety: Evaluates the system's adherence to safety standards and its ability to prevent
accidents.
Factors Affecting Storage System Performance
1. Storage Density: The amount of material that can be stored in a given space. Higher
density can improve space utilization but may require specialized equipment.
2. Selectivity: The ability to access any item in the storage system without disturbing
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others. Higher selectivity is often achieved through automated systems.

3. Turnover Rate: The frequency with which items are stored and retrieved. High turnover
rates may require more efficient storage systems.

4. Variety of Items: The number and types of items stored. A wide variety may require
more complex storage systems.

5. Storage Environment: The conditions under which items are stored, such as
temperature, humidity, and lighting.

6. Labor Requirements: The amount of labor needed to operate the storage system.

Automated systems can reduce labor requirements but may have higher upfront costs.
Performance Improvement Strategies

1. Optimize Storage Layout: Ensure that items are stored in logical locations and that
aisles are sized appropriately.

2. Implement Inventory Management Systems: Use technology to track inventory levels
and optimize storage decisions.

3. Invest in Modern Equipment: Consider upgrading to automated or semi-automated
equipment to improve efficiency and accuracy.

4. Train Staff: Provide employees with proper training on storage procedures and
equipment usage.

5. Regularly Review and Adjust: Periodically assess the storage system's performance and
make necessary adjustments to improve efficiency and effectiveness.

11. Explain storage location strategies.

Effective storage location strategies are crucial for maximizing space utilization,
improving order fulfillment efficiency, and minimizing handling costs. The goal is to store items
in a way that maximizes space utilization, reduces retrieval times, and minimizes overall
operational costs. Some common strategies:

1. Random Storage:

Items are stored in any available location without a predefined system.

Advantages: Flexible and easy to implement, especially for low-volume or irregular

items.

Disadvantages: Can lead to inefficient picking and increased handling time.

2. Fixed Location:

Each item is assigned a specific storage location.

Advantages: Predictable and efficient for high-volume items with consistent demand.

Disadvantages: Less flexible and can be inefficient for low-volume items.

3. Dedicated Storage:

A specific area is dedicated to a particular product category or group of items.

Advantages: Improves picking efficiency and reduces handling time for frequently

accessed items.

Disadvantages: Can be less flexible for seasonal or irregular items.

4. Zone Storage:

The warehouse is divided into zones based on product characteristics (e.g., size, weight,

demand).
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Advantages: Improves picking efficiency by grouping similar items together.
Disadvantages: Requires careful planning and management to ensure efficient zone
allocation.
5. ABC Analysis:
Prioritizes items based on their value and usage frequency (A, B, C categories).
Advantages: Allows for optimal storage location assignment by allocating prime
locations to high-value, frequently accessed items.
Disadvantages: Requires accurate demand forecasting and inventory data.
6. FIFO (First In, First Out):
Items are stored and retrieved in the order they were received.
Advantages: Ensures that older inventory is used first, preventing product obsolescence.
Disadvantages: Can be challenging to implement for perishable or seasonal items.
7. LIFO (Last In, First Out):
Items are stored and retrieved in the reverse order they were received.
Advantages: Can be beneficial for certain products (e.g., chemicals) where freshness or
expiration dates are not critical.
Disadvantages: May lead to product obsolescence if not managed carefully.
8. Bulk Storage:
Large quantities of items are stored in bulk, often in pallets or containers.
Advantages: Efficient for high-volume, low-value items.
Disadvantages: Can be challenging to manage inventory accuracy and prevent stockouts.
9. Floor Storage:
Items are stored directly on the warehouse floor.
Advantages: Simple and cost-effective for low-volume, heavy items.
Disadvantages: Can be inefficient and difficult to manage inventory.
10. Automated Storage and Retrieval Systems (AS/RS):
Automated systems that store and retrieve items using robotic technology.
Advantages: Highly efficient, accurate, and space-saving.
Disadvantages: High initial investment and maintenance costs.
12. Explain Automated storage/Retrieval system
An Automated Storage and Retrieval System (AS/RS) is a type of warehouse
technology that automatically places and retrieves items from defined storage locations with
minimal human intervention. It improves the efficiency and accuracy of inventory
management, reduce labor costs, and optimize space utilization in warehouses, distribution
centers, and manufacturing facilities.
Components of AS/RS:
1. Storage Structure: Shelving, racks, or bins designed to store goods.
2. Shuttle or Crane System: Mechanisms that move items in and out of storage locations.
These could be cranes, shuttles, or robotic arms.
3. Control System: Software that directs the movement of goods and integrates with a
Warehouse Management System (WMS) to ensure accurate tracking of inventory.
4. Input/Output (1/0O) Stations: Points where goods are loaded into or retrieved from the
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AS/RS by operators or automated systems.
5. Conveyors (Optional): These can be used to transport goods to and from the AS/RS
system, integrating it with other parts of the warehouse.
Types of AS/RS Systems:
1. Unit-Load AS/RS:
Designed to handle large, palletized items or heavy loads.
Features:
= Stores and retrieves full pallet loads.
= Uses cranes or shuttles to move pallets to and from storage.
Applications: Ideal for bulk storage in large distribution centers, manufacturing,
or industries with large SKU sizes.
2. Mini-Load AS/RS:
Designed for smaller loads such as boxes, totes, or trays.
Features:
= High-speed retrieval for smaller items.
= Often used for picking smaller parts or goods.
Applications: E-commerce fulfillment centers, pharmaceutical warehouses, or
facilities handling smaller products.
3. Vertical Lift Modules (VLMs):

Automated systems that store items vertically in trays and deliver them to a
central picking point.

Features:

= Efficient vertical storage to maximize floor space.
= Automated delivery of items to an operator at a work station.
Applications: High-density storage environments where space is limited, like
manufacturing parts storage or small-item order fulfillment.
4. Carousel Systems:

A rotating carousel to store and retrieve items. They are particularly well-suited
for high-density, high-throughput applications, such as retail stores, pharmacies, and
warehouses.

Horizontal Carousel: Rotates horizontally to bring items to a picker.

Vertical Carousel: Rotates vertically, similar to a Ferris wheel, to deliver stored

items to an operator.

Applications: Good for medium to high-speed picking operations for small to

medium-sized items.

5. Shuttle-Based Systems:

Robotic shuttles that move independently along horizontal and vertical rails to
retrieve or store items.

Features:

= Shuttles can operate simultaneously, allowing high throughput.
= Can store items in dense configurations, increasing space utilization.
Applications: Warehouses needing fast, high-volume picking and storage
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processes.
Advantages of AS/RS:

1. Increased Storage Capacity: AS/RS systems use vertical and high-density storage,
reducing the need for large warehouse footprints.

2. Improved Accuracy: Automated systems reduce the likelihood of human error in
picking, replenishment, and storage.

3. Higher Throughput: AS/RS can move goods faster than manual systems, increasing the
speed of order fulfillment.

4. Reduced Labor Costs: Automation decreases reliance on manual labor, lowering
staffing needs for routine tasks like picking and placing goods.

5. Enhanced Safety: Automation reduces the need for workers to access potentially
dangerous areas, such as high shelves, or perform repetitive, injury-prone tasks.

6. Space Optimization: AS/RS can use tight or vertical spaces that would be inefficient for
manual storage, thus maximizing space utilization.

7. Better Inventory Control: Integrated with warehouse management systems (WMS),
AS/RS allows real-time inventory tracking, ensuring better accuracy in stock levels and
less overstocking or understocking.

Disadvantages of AS/RS:

1. High Initial Investment: AS/RS systems require a significant upfront investment for
equipment, software, and setup.

2. Maintenance Costs: Regular maintenance is needed to ensure smooth operation, adding
ongoing costs.

3. Complexity: Requires skilled operators to manage the system and integration with the
WMS.

4. Flexibility Limitations: Depending on the type, some AS/RS systems may not handle
large or irregularly shaped items well.

Applications of AS/RS:

o E-commerce and Retail Fulfillment: Efficient storage and picking of goods for fast
order fulfillment.

« Manufacturing: Storing raw materials, components, and finished goods in a way that
reduces handling time.

o Pharmaceutical and Healthcare: Storing small, high-value items such as medicines in
temperature-controlled environments with high accuracy.
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