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Finer distinctions can be made in the process structure as follows: 

 Project - Example: building construction 

 Job shop - Example: print shop 

 Batch process - Example: bakery 

 Assembly line - Example: automobile production line 

 Continuous flow - Example: oil refinery 

These process structures differ in several respects such as: 

 Flow - ranging from a large number of possible sequences of activities to only one 

possible sequence. 

 Flexibility - A process is flexible to the extent that the process performance and cost is 

independent of changes in the output. Changes may be changes in production volume 

or changes in the product mix. 

 Number of products - ranging from the capability of producing a multitude of different 

products to producing only one specific product. 

 Capital investment - ranging from using lower cost general purpose equipment to 

expensive specialized equipment. 

 Variable cost - ranging from a high unit cost to a low unit cost. 

 Labor content and skill - ranging from high labor content with high skill to low content 

and low skill. 

 Volume - ranging from a quantity of one to large scale mass production. 

It is interesting to note that these aspects generally increase or decrease monotonically as 

one moves between the extremes of process structures. The following chart illustrates how 

the process characteristics vary with structure. 

Comparison of Process Structures and Characteristics 

  Project 
Job 

Shop 

Batch 

Process 

Assembly 

Line 

Continuous 

Flow 

Flow  None  Continuous 

Flexibility   High  Low 

No. of Products   High  Low 

Capital Investment   Low  High 

Variable Cost   High  Low 

Labor Content   High  Low 

Labor Skill   High  Low 

Volume   Low  High 
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CAPACITY PLANNING 

Design of the production system involves planning for the inputs, conversion process and 

outputs of production operation. The effective management of capacity is the most important 

responsibility of production management. The objective of capacity management (i.e. 

planning and control of capacity) is to match the level of operations to the level of demand. 

Capacity planning is to be carried out keeping in mind future growth and expansion plans, 

market trends, sales forecasting, etc. It is a simple task to plan the capacity in case of stable 

demand. But in practice the demand will be seldom stable. The fluctuation of demand creates 

problems regarding the procurement of resources to meet the customer demand. Capacity 

decisions are strategic in nature. Capacity is the rate of productive capability of a facility. 

Capacity is usually expressed as volume of output per period of time. 

Production managers are more concerned about the capacity for the following reasons: 

 Sufficient capacity is required to meet the customers demand in time. 

 Capacity affects the cost efficiency of operations. 

 Capacity affects the scheduling system. 

 Capacity creation requires an investment. 

Capacity planning is the first step when an organisation decides to produce more or new 

products. 

 

PROCESS OF CAPACITY PLANNING 

Capacity planning is concerned with defining the long-term and the short-term capacity needs 

of an organisation and determining how those needs will be satisfied. Capacity planning 

decisions are taken based upon the consumer demand and this is merged with the human, 

material and financial resources of the organisation. 

Capacity requirements can be evaluated from two perspectives—long-term capacity 

strategies and short-term capacity strategies. 

1. Long-term capacity strategies: Long-term capacity requirements are more difficult to 

determine because the future demand and technology are uncertain. Forecasting for five or 

ten years 

Following parameters will affect long-range capacity decisions. 

Multiple products: Company’s produce more than one product using the same facilities in 

order to increase the profit. The manufacturing of multiple products will reduce the risk of 

failure. Having more than on product helps the capacity planners to do a better job. Because 

products are in different stages of their life cycles, it is easy to schedule them to get maximum 

capacity utilisation. 

Phasing in capacity: In high technology industries, and in industries where technology 

developments are very fast, the rate of obsolescence is high. The products should be brought 

into the market quickly. The time to construct the facilities will be long and there is no much 

time, as the products should be introduced into the market quickly. Here the solution is phase 

in capacity on modular basis. Some commitment is made for building funds and men towards 

facilities over a period of 3-5 years. This is an effective way of capitalizing on technological 

breakthrough. 

Phasing out capacity: The outdated manufacturing facilities cause excessive plant closures 

and down time. The impact of closures is not limited to only fixed costs of plant and 

machinery. Thus, the phasing out here is done with humanistic way without affecting the 

community. The phasing out options makes alternative arrangements for men like shifting 

them to other jobs or to other locations, compensating the employees, etc. 
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Short-term capacity strategies: Managers often use forecasts of product demand to estimate 

the short-term workload the facility must handle. Managers looking ahead up to 12 months, 

anticipate output requirements for different products, and services. Managers then compare 

requirements with existing capacity and then take decisions as to when the capacity 

adjustments are needed. 

The short-term capacity strategies are: 

1. Inventories: Stock finished goods during slack periods to meet the demand during peak 

period. 

2. Backlog: During peak periods, the willing customers are requested to wait and their orders 

are fulfilled after a peak demand period. 

3. Employment level (hiring or firing): Hire additional employees during peak demand period 

and layoff employees as demand decreases. 

4. Employee training: Develop multi skilled employees through training so that they can be 

rotated among different jobs. The multi skilling helps as an alternative to hiring employees. 

5. Subcontracting: During peak periods, hire the capacity of other firms temporarily to make 

the component parts or products. 

6. Process design: Change job contents by redesigning the job. 

 

SELECTION OF LOCATION 

In Case of Location Choice for the First Time or New Organisations 

Cost economies are always important while selecting a location for the first time, but should 

keep in mind the cost of long-term business/organisational objectives. The following are the 

factors to be considered while selecting the location for the new organisations: 

1. Identification of region: The organisational objectives along with the various long-term 

considerations about marketing, technology, internal organisational strengths and 

weaknesses, region specific resources and business environment, legal-governmental 

environment, social environment and geographical environment suggest a suitable region for 

locating the operations facility. 

2. Choice of a site within a region: Once the suitable region is identified, the next step is 

choosing the best site from an available set. Choice of a site is less dependent on the 

organisation’s long-term strategies. Evaluation of alternative sites for their tangible and 

intangible costs will resolve facilities-location problem. 

The problem of location of a site within the region can be approached with the following cost-

oriented non-interactive model, i.e., dimensional analysis. 

3. Dimensional analysis: If all the costs were tangible and quantifiable, the comparison and 

selection of a site is easy. The location with the least cost is selected. In most of the cases 

intangible costs which are expressed in relative terms than in absolute terms. Their relative 

merits and demerits of sites can also be compared easily. Since both tangible and intangible 

costs need to be considered for a selection of a site, dimensional analysis is used. 

Dimensional analysis consists in computing the relative merits (cost ratio) for each of the cost 

items for two alternative sites. For each of the ratios an appropriate weightage by means of 

power is given and multiplying these weighted ratios to come up with a comprehensive figure 

on the relative merit of two alternative sites. 

 In Case of Location Choice for Existing Organisation 

In this case a manufacturing plant has to fit into a multi-plant operations strategy. That is, 

additional plant location in the same premises and elsewere under following circumstances: 

1. Plant manufacturing distinct products. 
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2. Manufacturing plant supplying to specific market area. 

3. Plant divided on the basis of the process or stages in manufacturing. 

4. Plants emphasizing flexibility. 

The different operations strategies under the above circumstances could be: 

1. Plants manufacturing distinct products: Each plant services the entire market area for the 

organization. This strategy is necessary where the needs of technological and resource inputs 

are specialized or distinctively different for the different product-lines. 

For example, a high quality precision product-line should not be located along with other 

product-line requiring little emphasis on precision. It may not be proper to have too many 

contradictions such as sophisticated and old equipment, highly skilled and semi-skilled 

personnel, delicates processes and those that could permit rough handlings, all under one 

roof and one set of managers. Such a setting leads to much confusion regarding the required 

emphasis and the management policies. 

Product specialization may be necessary in a highly competitive market. It may be necessary 

to exploit the special resources of a particular geographical area. The more decentralized 

these pairs are in terms of the management and in terms of their physical location, the better 

would be the planning and control and the utilization of the resources. 

2. Manufacturing plants supplying to a specific market area: Here, each plant manufactures 

almost all of the company’s products. This type of strategy is useful where market proximity 

consideration dominates the resources and technology considerations. This strategy requires 

great deal of coordination from the corporate office. An extreme example of this strategy is 

that of soft drinks bottling plants. 

3. Plants divided on the basis of the process or stages in manufacturing: Each production 

process or stage of manufacturing may require distinctively different equipment capabilities, 

labour skills, technologies, and managerial policies and emphasis. Since the products of one 

plant feed into the other plant, this strategy requires much centralized coordination of the 

manufacturing activities from the corporate office that are expected to understand the 

various technological aspects of all the plants. 

4. Plants emphasizing flexibility: This requires much coordination between plants to meet the 

changing needs and at the same time ensure efficient use of the facilities and resources. 

Frequent changes in the long-term strategy in order to improve be efficiently temporarily, are 

not healthy for the organization. In any facility location problem the central question is: ‘Is 

this a location at which the company can remain competitive for a long time?’ 

 

REASONS FOR A GLOBAL/FOREIGN LOCATION 

The tangible reasons for setting up an operations facility abroad could be as follows: 

Reaching the customer: One obvious reason for locating a facility abroad is that of capturing 

a share of the market expanding worldwide. The phenomenal growth of the GDP of 

India is a big reason for the multinationals to have their operations facilities in our country. 

An important reason is that of providing service to the customer promptly and economically 

which is logistics-dependent. Therefore, cost and case of logistics is a reason for setting up 

manufacturing facilities abroad. By logistics set of activities closes the gap between 

production of goods/services and reaching of these intended goods/services to the customer 

to his satisfaction. Reaching the customer is thus the main objective. The tangible and 

intangible gains and costs depend upon the company defining for itself as to what that 

‘reaching’ means. The tangible costs could be the logistics related costs; the intangible costs 

may be the risk of operating is a foreign country. The tangible gains are the immediate gains; 
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the intangible gains are an outcome of what the company defines the concepts of reaching 

and customer for itself. 

The other tangible reasons could be as follows: 

(a) The host country may offer substantial tax advantages compared to the home country. 

(b) The costs of manufacturing and running operations may be substantially less in that 

foreign country. This may be due to lower labour costs, lower raw material cost, better 

availability of the inputs like materials, energy, water, ores, metals, key personnel etc. 

(c) The company may overcome the tariff barriers by setting up a manufacturing plant in a 

foreign country rather than exporting the items to that country. 

Intangible Reasons 

The intangible reasons for considering setting up an operations facility abroad could be as 

follows: 

1. Customer-related Reasons 

(a) With an operations facility in the foreign country, the firm’s customers may feel secure 

that the firm is more accessible. Accessibility is an important ‘service quality’ determinant. 

(b) The firm may be able to give a personal tough. 

(c) The firm may interact more intimately with its customers and may thus understand their 

requirements better. 

(d) It may also discover other potential customers in the foreign location. 

2. Organisational Learning-related Reasons 

(a) The firm can learn advanced technology. For example, it is possible that cutting-edge 

technologies can be learn by having operations in an technologically more advanced country. 

The firm can learn from advanced research laboratories/universities in that country. Such 

learning may help the entire product-line of the company. 

(b) The firm can learn from its customers abroad. A physical location there may be essential 

towards this goal. 

(c) It can also learn from its competitors operating in that country. For this reason, it may have 

to be physically present where the action is. 

(d) The firm may also learn from its suppliers abroad. If the firm has a manufacturing plant 

there, it will have intensive interaction with the suppliers in that country from whom there 

may be much to learn in terms of modern and appropriate technology, modern management 

methods, and new trends in business worldwide. 

3. Other Strategic Reasons 

(a) The firm by being physically present in the host country may gain some ‘local boy’ kind of 

psychological advantage. The firm is no more a ‘foreign’ company just sending its products 

across international borders. This may help the firm in lobbying with the government of that 

country and with the business associations in that country. 

(b) The firm may avoid ‘political risk’ by having operations in multiple countries. 

(c) By being in the foreign country, the firm can build alternative sources of supply. The firm 

could, thus, reduce its supply risks. 

(d) The firm could hunt for human capital in different countries by having operations in those 

countries. Thus, the firm can gather the best of people from across the globe. 

(e) Foreign locations in addition to the domestic locations would lower the market risks for 

the firm. If one market goes slow the other may be doing well, thus lowering the overall risk. 
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FACTORS INFLUENCING PLANT LOCATION/FACILITY LOCATION 

It is appropriate to divide the factors, which influence the plant location or facility location on 

the basis of the nature of the organisation as: 

1. General locational factors, which include controllable and uncontrollable factors for all type 

of organisations. 

2. Specific locational factors specifically required for manufacturing and service organisations. 

Location factors can be further divided into two categories: 

Dominant factors are those derived from competitive priorities (cost, quality, time, and 

flexibility) and have a particularly strong impact on sales or costs. Secondary factors also are 

important, but management may downplay or even ignore some of them if other factors are 

more important. 

General Locational Factors 

Following are the general factors required for location of plant in case of all types of 

organisations. 

CONTROLLABLE FACTORS 

1. Proximity to markets 

2. Supply of materials 

3. Transportation facilities 

4. Infrastructure availability 

5. Labour and wages 

 

6. External economies 

7. Capital. 

UNCONTROLLABLE FACTORS 

8. Government policy 

9. Climate conditions 
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10. Supporting industries and services 

11. Community and labour attitudes 

12. Community Infrastructure. 

 

LOCATION MODELS 

Various models are available which help to identify the ideal location. Some of the popular 

models are: 

1. Factor rating method 

2. Weighted factor rating method 

3. Load-distance method 

4. Centre of gravity method 

5. Break-even analysis. 

 

FACTOR RATING METHOD 

The process of selecting a new facility location involves a series of following steps: 

1. Identify the important location factors. 

2. Rate each factor according to its relative importance, i.e., higher the ratings is indicative of 

prominent factor. 

3. Assign each location according to the merits of the location for each factor. 

4. Calculate the rating for each location by multiplying factor assigned to each location with 

basic factors considered. 

5. Find the sum of product calculated for each factor and select best location having highest 

total score. 
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LOAD-DISTANCE METHOD 

The load-distance method is a mathematical model used to evaluate locations based on 

proximity factors. The objective is to select a location that minimizes the total weighted loads 

moving into and out of the facility. The distance between two points is expressed by assigning 

the points to grid coordinates on a map. An alternative approach is to use time rather than 

distance. 

Distance measures 

Suppose that a new warehouse is to be located to serve Delhi. It will receive inbound 

shipments from several suppliers, including one in Ghaziabad. If the new warehouse were 

located at 

Gurgaon, what would be the distance between the two facilities? If shipments travel by truck, 

the distance depends on the highway system and the specific route taken. Computer software 

is available for calculating the actual mileage between any two locations in the same county. 

However, for load-distance method, a rough calculation that is either Euclidean or rectilinear 

distance measure may be used. Euclidean distance is the straight-line distance, or shortest 

possible path, between two points. 

 

The point A on the grid represents the supplier’s location in Ghaziabad, and the point B 

represents the possible warehouse location at Gurgaon. The distance between points A and 

B is the length of the hypotenuse of a right triangle, or 

dAB = Sqrt ((XA – XB)2 + (YA – YB)2) 

where dAB = distance between points A and B 

XA = x-coordinate of point A 

YA = y-coordinate of point A 

XB = x-coordinate of point B 

YB = y-coordinate of point B 

Rectilinear distance measures distance between two points with a series of 90° turns as city 

blocks. Essentially, this distance is the sum of the two dashed lines representing the base and 

side of the triangle in figure. The distance travelled in the x-direction is the absolute value of 

the difference in x-coordinates. Adding this result to the absolute value of the difference in 

the y-coordinates gives 

DAB = |XA – XB| + |YA – YB| 

 

Example: The new Health-care facility is targeted to serve seven census tracts in Delhi. The 

table given below shows the coordinates for the centre of each census tract, along with the 

projected populations, measured in thousands. Customers will travel from the seven census 

tract centres to the new facility when they need health-care. Two locations being considered 

for the new facility are at (5.5, 4.5) and (7, 2), which are the centres of census tracts C and F. 

Details of seven census tract centres, co-ordinate distances along with the population for each 

centre are given below. If we use the population as the loads and use rectilinear distance, 

which location is better in terms of its total load-distance score? 
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Solution: Calculate the load-distance score for each location. Using the coordinates from the 

above table. Calculate the load-distance score for each tract. 

Using the formula DAB = |XA – XB| + |YA – YB| 

 

Objectives of Plant Layout 

The primary goal of the plant layout is to maximise the profit by arrangement of all the plant 

facilities to the best advantage of total manufacturing of the product. 

The objectives of plant layout are: 

1. Streamline the flow of materials through the plant. 

2. Facilitate the manufacturing process. 

3. Maintain high turnover of in-process inventory. 

4. Minimise materials handling and cost. 

5. Effective utilisation of men, equipment and space. 

6. Make effective utilisation of cubic space. 

7. Flexibility of manufacturing operations and arrangements. 

8. Provide for employee convenience, safety and comfort. 

9. Minimize investment in equipment. 

10. Minimize overall production time. 

11. Maintain flexibility of arrangement and operation. 

12. Facilitate the organizational structure. 
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Principles of Plant Layout 

1. Principle of integration: A good layout is one that integrates men, materials, machines and 

supporting services and others in order to get the optimum utilisation of resources and 

maximum effectiveness. 

2. Principle of minimum distance: This principle is concerned with the minimum travel (or 

movement) of man and materials. The facilities should be arranged such that, the total 

distance travelled by the men and materials should be minimum and as far as possible straight 

line movement should be preferred. 

3. Principle of cubic space utilisation: The good layout is one that utilise both horizontal and 

vertical space. It is not only enough if only the floor space is utilised optimally but the third 

dimension, i.e., the height is also to be utilised effectively. 

4. Principle of flow: A good layout is one that makes the materials to move in forward 

direction towards the completion stage, i.e., there should not be any backtracking. 

5. Principle of maximum flexibility: The good layout is one that can be altered without much 

cost and time, i.e., future requirements should be taken into account while designing the 

present layout. 

6. Principle of safety, security and satisfaction: A good layout is one that gives due 

consideration to workers safety and satisfaction and safeguards the plant and machinery 

against fire, theft, etc. 

7. Principle of minimum handling: A good layout is one that reduces the material handling to 

the minimum. 

 

CLASSIFICATION OF LAYOUT 

Layouts can be classified into the following five categories: 

1. Process layout 

2. Product layout 

3. Combination layout 

4. Fixed position layout 

5. Group layout 

 

Process Layout 

Process layout is recommended for batch production. All machines performing similar type 

of operations are grouped at one location in the process layout e.g., all lathes, milling 

machines, etc. are grouped in the shop will be clustered in like groups. 

Thus, in process layout the arrangement of facilities are grouped together according to their 

functions. A typical process layout is shown below. The flow paths of material through the 

facilities from one functional area to another vary from product to product. Usually the paths 

are long and there will be possibility of backtracking. 

Process layout is normally used when the production volume is not sufficient to justify a 

product layout. Typically, job shops employ process layouts due to the variety of products 

manufactured and their low production volumes. 
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Advantages: 

1. In process layout machines are better utilized and fewer machines are required. 

2. Flexibility of equipment and personnel is possible in process layout. 

3. Lower investment on account of comparatively less number of machines and lower cost of 

general purpose machines. 

4. Higher utilisation of production facilities. 

5. A high degree of flexibility with regards to work distribution to machineries and workers. 

6. The diversity of tasks and variety of job makes the job challenging and interesting. 

7. Supervisors will become highly knowledgeable about the functions under their 

department. 

Limitations: 

1. Backtracking and long movements may occur in the handling of materials thus, reducing 

material handling efficiency. 

2. Material handling cannot be mechanised which adds to cost. 

3. Process time is prolonged which reduce the inventory turnover and increases the in process 

inventory. 

4. Lowered productivity due to number of set-ups. 

5. Throughput (time gap between in and out in the process) time is longer. 

6. Space and capital are tied up by work-in-process. 

 

Product Layout 

In this type of layout, machines and auxiliary services are located according to the processing 

sequence of the product. If the volume of production of one or more products is large, the 

facilities can be arranged to achieve efficient flow of materials and lower cost per unit. Special 

purpose machines are used which perform the required function quickly and reliably. The 

product layout is selected when the volume of production of a product is high such that a 

separate production line to manufacture it can be justified. In a strict product layout, 

machines are not shared by different products. Therefore, the production volume must be 

sufficient to achieve satisfactory utilisation of the equipment. 

 

 

Advantages 

1. The flow of product will be smooth and logical in flow lines. 

2. In-process inventory is less. 

3. Throughput time is less. 
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4. Minimum material handling cost. 

5. Simplified production, planning and control systems are possible. 

6. Less space is occupied by work transit and for temporary storage. 

7. Reduced material handling cost due to mechanised handling systems and straight flow. 

8. Perfect line balancing which eliminates bottlenecks and idle capacity. 

9. Manufacturing cycle is short due to uninterrupted flow of materials. 

10. Small amount of work-in-process inventory. 

11. Unskilled workers can learn and manage the production. 

Limitations 

1. A breakdown of one machine in a product line may cause stoppages of machines in the 

downstream of the line. 

2. A change in product design may require major alterations in the layout. 

3. The line output is decided by the bottleneck machine. 

4. Comparatively high investment in equipment is required. 

5. Lack of flexibility. A change in product may require the facility modification. 

Design of product layout 

In product layout, equipment or departments are dedicated to a particular product line, 

duplicate equipment is employed to avoid backtracking, and a straight-line flow of material 

movement is achievable. Adopting a product layout makes sense when the batch size of a 

given product or part is large relative to the number of different products or parts produced. 

 

 

Combination Layout 

A combination of process and product layouts combines the advantages of both types of 

layouts. A combination layout is possible where an item is being made in different types and 

sizes. Here machinery is arranged in a process layout but the process grouping is then 

arranged in a sequence to manufacture various types and sizes of products. It is to be noted 

that the sequence of operations remains same with the variety of products and sizes. Figure 

below shows a combination type of layout for manufacturing different sized gears. 
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Fixed Position Layout 

This is also called the project type of layout. In this type of layout, the material, or major 

components remain in a fixed location and tools, machinery, men and other materials are 

brought to this location. This type of layout is suitable when one or a few pieces of identical 

heavy products are to be manufactured and when the assembly consists of large number of 

heavy parts, the cost of transportation of these parts is very high. 

 

Advantages: 

The major advantages of this type of layout are: 

1. Helps in job enlargement and upgrades the skills of the operators. 

2. The workers identify themselves with a product in which they take interest and pride in 

doing the job. 

3. Greater flexibility with this type of layout. 

4. Layout capital investment is lower. 

 

Cellular production 

Layout in which workstations are grouped into a cell that can process items that have similar 

processing requirements. The goal of cellular manufacturing is having the flexibility to 
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produce a high variety of low demand products, while maintaining the high productivity of 

large scale production. Cell designers achieve this through modularity in both process design 

and product design. Processes are arranged in a U-shape so that the beginning and end of the 

material flow within the cell are near each other. This allows quick rebalancing of tasks 

without redesigning stations, because workers can cross the aisle. 

 

Group technology 

Group Technology or GT is a manufacturing technique in which the parts having similarities 

in Geometry, manufacturing process and/or functions are assembled together. GT is based 

on a general principle that many problems are similar and by grouping similar problems, a 

single solution can be found to a set of problems, thus saving time and effort. 

The group of similar parts is known as part family and the group of machineries used to 

process an individual part family is known as machine cell. It is not necessary for each part of 

a part family to be processed by every machine of corresponding machine cell. This type of 

manufacturing in which a part family is produced by a machine cell is known as cellular 

manufacturing. The manufacturing efficiencies are generally increased by employing GT 

because the required operations may be confined to only a small cell and thus avoiding the 

need for transportation of in-process parts. 

Group Technology is an approach in which similar parts are identified and grouped together 

in order to take advantage of the similarities in design and production. Similarities among 

parts permit them to be classified into part families. 
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Advantages of Group Technology Layout 

 

Group Technology layout can increase— 

1. Component standardization and rationalization. 

2. Reliability of estimates. 

3. Effective machine operation and productivity. 

4. Customer service. 

 

It can decrease the— 

1. Paper work and overall production time. 

2. Work-in-progress and work movement. 

3. Overall cost. 

Limitations of Group Technology Layout 

This type of layout may not be feasible for all situations. If the product mix is completely 

dissimilar, then we may not have meaningful cell formation. 

 

LINE BALANCING 

Assembly-line balancing often has implications for layout. This would occur when, for balance 

purposes, workstation size or the number used would have to be physically modified. 

The most common assembly-line is a moving conveyor that passes a series of workstations in 

a uniform time interval called the workstation cycle time (which is also the time between 

successive units coming off the end of the line). At each workstation, work is performed on a 

product either by adding parts or by completing assembly operations. The work performed at 

each station is made up of many bits of work, termed tasks, elements, and work units. Such 

tasks are described by motion-time analysis. Generally, they are grouping that cannot be 

subdivided on the assembly-line without paying a penalty in extra motions. 

The total work to be performed at a workstation is equal to the sum of the tasks assigned to 

that workstation. The line-balancing problem is one of assigning all tasks to a series of 

workstations so that each workstation has no more than can be done in the workstation cycle 

time, and so that the unassigned (idle) time across all workstations is minimized. 
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The problem is complicated by the relationships among tasks imposed by product design and 

process technologies. This is called the precedence relationship, which specifies the order in 

which tasks must be performed in the assembly process. 

The steps in balancing an assembly line are: 

1. Specify the sequential relationships among tasks using a precedence diagram. 

2. Determine the required workstation cycle time C, using the formula 

 
3. Determine the theoretical minimum number of workstations (Nt) required to satisfy the 

workstation cycle time constraint using the formula 

 
4. Select a primary rule by which tasks are to be assigned to workstations, and a secondary 

rule to break ties. 

5. Assign tasks, once at a time, to the first workstation until the sum of the task times is equal 

to the workstation cycle time, or no other tasks are feasible because of time or sequence 

restrictions. Repeat the process for workstation 2, workstation 3, and so on until all tasks are 

assigned. 

6. Evaluate the efficiency of the balance derived using the formula 

 

 

 
7. If efficiency is unsatisfactory, rebalance using a different decision rule. 

 

 

Example: The MS 800 car is to be assembled on a conveyor belt. Five hundred cars are 

required per day. Production time per day is 420 minutes, and the assembly steps and times 

for the wagon are given below. Find the balance that minimizes the number of workstations, 

subject to cycle time and precedence constraints. 

 

Task  Task time Description  Tasks that  

 (in seconds)   must 

precede  

A  45  Position rear axle support and hand 

fasten  

- 

B  11  Four screws to nuts  A  

C  9  Insert rear axle  B  

D  50  Tighten rear axle support  - 

  screws to nuts   

E  15  Position front axle assembly and hand  D  

F  12  Fasten with four screws to nuts  C  

G  12  Tighten front axle assembly screws  C  

H  12  Position rear wheel 1 and fasten hubcap  E  
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I  12  Position rear wheel 2 and fasten hubcap  E  

J  8  Position front wheel 1 and fasten hubcap  F, G, H, I  

K  9  Position front wheel 2 and fasten hubcap  J  

 

Solution 

1. Draw a precedence diagram as follows: 

 
2. Determine workstation cycle time. Here we have to convert production time to seconds 

because our task times are in seconds 

 

 
3. Determine the theoretical minimum number of workstations required (the actual number 

may be greater) 

 

 
4. Select assignment rules. 

(a) Prioritize tasks in order of the largest number of following tasks: 

 

Task  Number of following tasks  

A  6  

B or D  5  

C or E  4  

F, G, H, or I  2  

J  1  

K  0  

 

Our secondary rule, to be invoked where ties exist from our primary rule, is (b) Prioritize tasks 

in order of longest task time. Note that D should be assigned before B, and E assigned before 

C due to this tie-breaking rule. 
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5. Make task assignments to form workstation 1, workstation 2, and so forth until all tasks are 

assigned. It is important to meet precedence and cycle time requirements as the assignments 

are made. 

 

 

Station  Task  Task 

time  

Remaining  Feasible  Task with  Task with  

  (in sec)  unassigned  remaining  
most  

longest 

ope- 

   time (in sec)  tasks  followers  ration time  

Station 1  A  45  5.4  Idle  None   

Station 2  D  50  0.4  Idle  None   

Station 3  B  11  39.4  C, E  C, E  E  

 E  15  24.4  C, H, I  C   

 C  9  15.4  F, G, H, I  F, G, H, I  F, G, H, I  

 F  12  3.4 idle  None    

Station 4  G  12  38.4  H, I  H, I  H, I  

 H  12  26.4  I    

 I  12  14.4  J    

 J 8  6.4 idle  None    

Station 5  K  9  41.4 idle  None    

 

6. Calculate the efficiency. 

 
7. Evaluate the solution. An efficiency of 77 per cent indicates an imbalance or idle time of 23 

per cent (1.0 – .77) across the entire line. In addition to balancing a line for a given cycle time, 

managers must also consider four other options: pacing, behavioural factors, number of 

models produced, and cycle times. Pacing is the movement of product from one station to 

the next after the cycle time has elapsed. Paced lines have no buffer inventory. Un paced lines 

require inventory storage areas to 

be placed between stations. 

DESIGN OF PROCESS LAYOUT 

The analysis involved in the design of production lines and assembly lines relates primarily to 

timing, coordination, and balance among individual stages in the process. 

Process layout design determines the best relative locations of functional work centres. Work 

centres that interact frequently, with movement of material or people, should be located 

close together, whereas those that have little interaction can be spatially separated. One 

approach of designing an efficient functional layout is described below. 

1. List and describe each functional work centre. 

2. Obtain a drawing and description of the facility being designed. 

3. Identify and estimate the amount of material and personnel flow among work centres 

4. Use structured analytical methods to obtain a good general layout. 
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5. Evaluate and modify the layout, incorporating details such as machine orientation, storage 

area location, and equipment access. 

 

The first step in the layout process is to identify and describe each work centre. The 

description should include the primary function of the work centre; drilling, new accounts, or 

cashier; its major components, including equipment and number of personnel; and the space 

required. The description should also include any special access needs (such as access to 

running water or an elevator) or restrictions (it must be in a clean area or away from heat). 

For a new facility, the spatial configuration of the work centres and the size and shape of the 

facility are determined simultaneously. Determining the locations of special structures and 

fixtures such as elevators, loading docks, and bathrooms becomes part of the layout process. 

However, in many cases the facility and its characteristics are given. In these situations, it is 

necessary to obtain a drawing of the facility being designed, including shape and dimensions, 

locations of fixed structures, and restrictions on activities, such as weight limits on certain 

parts of a floor or foundation. 

 

 
 

Flow Matrix 

A flow matrix is a matrix of the estimated amounts of flow between each pair of work centres. 

The flow may be materials (expressed as the number of loads transported) or people who 

move between centres. Each work centre corresponds to one row and one column, and the 

element fij designates the amount of flow from work centre (row) I to work centre (column) 

j. Normally, the direction of flow between work centres is not important, only the total 

amount, so fij and fji can be combined and the flows represented using only the upper right 

half of a matrix. 

 

Flow Matrix Table 

 

Work centre  

 A  B  C  D  E  F  G  H  I   
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A  - 25  32  0  80  0  30  5  15  

B  - - 20  10  30  75  0  7  10  Daily flows  

C  - - - 0  10  50  45  60  0  between  

D  - - - - 35  0  25  90  120  work  

E  - - - - - 20  80  0  70  centres  

F  - - - - - - 0  150  20   

G  - - - - - - - 50  45   

H  - - - - - - - - 80   

I  - - - - - - - - -  

 

Flow-cost Matrix 

A basic assumption of facility layout is that the cost of moving materials or people between 

work centers is a function of distance travelled. Although more complicated cost functions 

can be accommodated, often we assume that the per unit cost of material and personnel 

flows between work centres is proportional to the distance between the centres. So for each 

type of flow between each pair of departments, i and j, we estimate the cost per unit per unit 

distance, cij. 

 

 

Work centre  

 A  B  C  D  E  F  G  H  I   

A  - 25  32  0  80  0  30  5  15  

B  - - 40  10  90  75  0  7  10  Daily cost  

C  - - - 0  10  50  45  60  0  for flows  

D  - - - - 35  0  50  90  240  between  

E  - - - - - 20  80  0  70  
work 

centres  

F  - - - - - - 0  150  20  (Rs. per day  

G  - - - - - - - 150  45  per 100 ft)  

H  - - - - - - - - 80   

I  - - - - - - - - -  

 

 

LINE BALANCING 

Little’s Law states that at a given WIP level, the ratio of WIP to cycle time equals throughput,  

Throughput = (WIP/Cycle time) 

Bottleneck 
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The machine group in a factory that has the highest loading for a given product mix. 

Some authors define bottleneck as having a loading of 100%. However, in common 

use, bottleneck usually refers to the most highly loaded machine group.  

Capacity 

The maximum throughput of a factory or workstation. For a factory, the capacity is 

the throughput rate that drives the idle time on the bottleneck to zero. 

Cycle Time 

The total time required to produce a product, from entering the factory to leaving the 

factory. Cycle time includes time actually spent processing, as well as transport time 

and time spent waiting in queue. Cycle times by operation are also sometimes 

reported, and include the time from arrival at the operation until completion of 

processing. 

Cycle-Time-Constrained Capacity 

The throughput rate for a factory at which the average cycle time is equal to some 

target amount, usually expressed as a multiple of the total weighted average raw 

process time of the factory. For example, the 3X cycle-time-constrained capacity is the 

throughput rate at which the weighted average cycle time for the factory is no more 

than three times the weighted average raw processing time.  

Little’s Law 

A fundamental relationship derived by J. D. C. Little concerning cycle time, work-in-

process and throughput. Little’s Law states that at a given WIP level, the ratio of WIP 

to cycle time equals throughput. An illustration is available as part of this tutorial. 

Throughput 

The average output rate of a factory or workstation. The throughput of a factory is 

equal to the factory start rate multiplied by average line yield. 

Work-in-Process (WIP) 

The average number of units of product in the factory (or at a workstation). WIP 

includes units being processed on equipment, as well as units in transit, or awaiting 

processing at an equipment group. 

WIP is known as “Work in Process”.  WIP is the inventory between the start and end points of 

a product routing.  It does not include work in stock points.  WIP can apply to manufacturing 

or other processes (such as an office process).  In other words WIP is “stuff” being worked on 

that is not in a “stocked situation”.  WIP is an important parameter because it affects the time 

it takes to process parts through the system and critically affects ability to maintain quoted 

lead times.  A law known as “Little’s Law” pretty much tells the story.  Little’s Law is:  Cycle 

Time (CT) is equal to the WIP devided by Throughput (TH).  Cycle time (CT) is the process time 

while the product is in WIP.  Throughput (TH) is the inverse of cycle time.  For Example, if a 

process takes 0.02 hours per part, then the throughput is: 

(1 part)/(0.02 hours ) = 50 parts per hour through that process 

Downloaded from  be.rgpvnotes.in

Page no: 21 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Let’s say you have 500 parts in process (WIP) and your process is capable of doing the above 

50 parts per hour (TH).  By Little’s Law we can predict that this process will take: 

(500 Parts WIP)/(50 Parts per hour TH) = 10 hours (for 500 parts)      

 

Note: cycle time and throughput are on a “time basis” of hours; units must be constant for 

the formula to work correctly.  You can work in minutes or days or any other time unit as long 

as you are consistent throughout the formula. 

Now you can see that your factory is loaded for the next 10 working hours and if part 

sequence number 501 comes in you can tell the customer it will take 10 hours (queue time) 

+ .02 hrs. (part process time), or, 10.02 working hours to produce at your present rate of 50 

parts per hour with 500 parts ahead of it.  (Don’t forget to add non-work times for “calendar 

time” estimates).  The 10 hours (queue time) will cause new orders to wait unless something 

is done to increase the throughput or invoke “passing” (where part sequence no. 501 jumps 

ahead of all or part of the preceding 500 piece order).  The problem with passing is that it can 

make other orders late.  If 10.02 working hours is unacceptable to the customer, then you will 

have to pull a “capacity trigger” (assuming “passing” is not acceptable) in order to shorten the 

10.02 hours to an acceptable level.  Capacity triggers increase throughput, and consequently 

reduce overall cycle time, to produce the parts in queue for a given amount of WIP. 

Little’s law is physical law, and will prevail over the long run, so it helps us plan and improve 

our work; however, if we ignore it, the results can be very disappointing.  If 

WIP increases without adjusting throughput, our cycle times can easily go beyond acceptable 

limits.  The key is knowing “real time” when this is happening so you can react (without over 

reacting by spending too much money).  Conversely, if WIP is reduced below “critical levels”, 

throughput, and thus revenue, can decline.  “Critical WIP” is the WIP level where cycle time 

is minimum and throughput is maximum.  Indeed, this is a delicate balance, but with the right 

metrics and “on the floor” visuals this is certainly possible (even in mixed model and custom 

environments). Using these principles, I was able to help a company drop total cycle time 

from 67.88 hours to 11.30 hours- an 83.3% improvement (six times faster than the original 

time).  Always remember; you can’t improve what you don’t measure, nor can you manage 

something unless you have a way to measure it. 

  

Downloaded from  be.rgpvnotes.in

Page no: 22 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


MATERIAL HANDLING 

Material handling involves short-distance movement within the confines of a building or 

between a building and a transportation vehicle. It uses a wide range of manual, semi-

automated, and automated equipment and includes consideration of the protection, storage, 

and control of materials throughout their manufacturing, warehousing, distribution, 

consumption, and disposal. Material handling can be used to create time and place utility 

through the handling, storage, and control of material, as distinct from manufacturing, which 

creates form utility by changing the shape, form, and makeup of material.   

Material handling is the movement, protection, storage and control of materials and products 

throughout manufacturing, warehousing, distribution, consumption and disposal. As a 

process, material handling incorporates a wide range of manual, semi-automated and 

automated equipment and systems that support logistics and make the supply chain work. 

Their application helps with: 

 Forecasting 

 Resource allocation 

 Production planning 

 Flow and process management 

 Inventory management and control 

 Customer delivery 

 After-sales support and service 

A company’s material handling system and processes are put in place to improve customer 

service, reduce inventory, shorten delivery time, and lower overall handling costs in 

manufacturing, distribution and transportation. 

Principles of economic material handling  

When designing a material handling system, it is important to refer to best practices to ensure 

that all the equipment and processes—including manual, semi-automated and automated—

in a facility work together as a unified, system. By analyzing the goals of the material handling 

process and aligning them to guidelines, such as the 10 Principles of Material Handling, a 

properly designed system will improve customer service, reduce inventory, shorten delivery 

time, and lower overall handling costs in manufacturing, distribution and transportation. 

These principles include: 

1. Planning: Define the needs, strategic performance objectives and functional 

specification of the proposed system and supporting technologies at the outset of the 

design. The plan should be developed in a team approach, with input from 

consultants, suppliers and end users, as well as from management, engineering, 

information systems, finance and operations. 

2. Standardization: All material handling methods, equipment, controls and software 

should be standardized and able to perform a range of tasks in a variety of operating 

conditions. 
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3. Work: Material handling processes should be simplified by reducing, combining, 

shortening or eliminating unnecessary movement that will impede productivity. 

Examples include using gravity to assist in material movement, and employing 

straight-line movement as much as possible. 

4. Ergonomics: Work and working conditions should be adapted to support the abilities 

of a worker, reduce repetitive and strenuous manual labor, and emphasize safety. 

5. Unit load: Because less effort and work is required to move several individual items 

together as a single load (as opposed to moving many items one at a time), unit 

loads—such as pallets, containers or totes of items—should be used. 

6. Space utilization: To maximize efficient use of space within a facility, it is important to 

keep work areas organized and free of clutter, to maximize density in storage areas 

(without compromising accessibility and flexibility), and to utilize overhead space. 

7. System: Material movement and storage should be coordinated throughout all 

processes, from receiving, inspection, storage, production, assembly, packaging, 

unitizing and order selection, to shipping, transportation and the handling of returns. 

8. Environment: Energy use and potential environmental impact should be considered 

when designing the system, with reusability and recycling processes implemented 

when possible, as well as safe practices established for handling hazardous materials. 

9. Automation: To improve operational efficiency, responsiveness, consistency and 

predictability, automated material handling technologies should be deployed when 

possible and where they make sense to do so. 

10. Life cycle cost: For all equipment specified for the system, an analysis of life cycle costs 

should be conducted. Areas of consideration should include capital investment, 

installation, setup, programming, training, system testing, operation, maintenance 

and repair, reuse value and ultimate disposal. 

Characteristics of Materials 

The characteristics of materials affecting handling include the following: size (width, depth, 

height); weight (weight per item, or per unit volume); shape (round, square, long, rectangular, 

irregular); and other (slippery, fragile, sticky, explosive, frozen). 

 

The impact of the material category listed in Table 1 on the type of MH equipment is as 

follows: 

• Individual units and containerized items ⇒ discrete material flow ⇒ unit loads ⇒ unit 

handling equipment 

• Bulk materials ⇒ continuous material flow ⇒ bulk handling equipment 
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Figure 1 shows an example of alternate ways of handling a dry bulk material: as containerized 

(bagged) items on pallets handled using unit handling equipment (boxcar, pallet, fork truck), 

or as bulk material handled using bulk handling equipment (hopper car, pneumatic conveyor, 

bulk storage bin). 

 

The Unit Load Concept  

 

A unit load is either a single unit of an item, or multiple units so arranged or restricted that 

they can be handled as a single unit and maintain their integrity.  

Advantages of unit loads:  

1. More items can be handled at the same time, thereby reducing the number of trips 

required and, potentially, reducing handling costs, loading and unloading times, and product 

damage.  

2. Enables the use of standardized material handling equipment.  

 
Disadvantages of unit loads:  

1. Time spent forming and breaking down the unit load.  

2. Cost of containers/pallets and other load restraining materials used in the unit load  

3. Empty containers/pallets may need to be returned to their point of origin.  

 

Basic ways of restraining a unit load:  

• Self-restraining—one or more units that can maintain their integrity when handled as a 

single item (e.g., a single part or interlocking parts)  

 Platforms—pallets (paper, wood, plastic, metal), skids (metal, plastic)  
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• Sheets—slipsheets (plastic, cardboard, plywood)  

• Reusable containers—tote pans, pallet boxes, skid boxes, bins, baskets, bulk containers 

(e.g., barrels), intermodal containers  

• Disposable containers—cartons, bags, crates  

• Racks—racks  

• Load stabilization—strapping, shrink-wrapping, stretch-wrapping, glue, tape, wire, rubber 

bands  

 

Basic ways of moving a unit load:  

• Use of a lifting device under the mass of the load (e.g., a pallet and fork truck)  

• Inserting a lifting element into the body of the load (e.g., a coil of steel)  

• Squeezing the load between two lifting surfaces (e.g., lifting a light carton between your 

hands, or the use of carton clamps on a lift truck)  

• Suspending the load (e.g., hoist and crane)  

 

Unit Load Design  

 

Unit loads can be used both for in-process handling and for distribution (receiving, storing, 

and shipping).  

Unit load design involves determining the:  

1. Type, size, weight, and configuration of the load  

2. Equipment and method used to handle the load  

3. Methods of forming (or building) and breaking down the load.  

 

Selecting unit load size for in-process handling:  

• Unit loads should not be larger than the production batch size of parts in process—if the 

unit load size is larger, then a delay would occur if the load is forced to wait until the next 

batch of the part is scheduled to start production (which might be days or weeks) before it 

can be transported.  

• Large production batches (used to increase the utilization of bottleneck operations) can be 

split into smaller transfer batches for handling purposes, where each transfer batches 

contains one or more unit loads, and small unit loads can be combined into a larger transfer 

batch to allow more efficient transport (e.g., several cartons at a time can be transported on 

a hand truck, although each carton is itself a unit load and could be transported separately); 

thus:  

Single part ≤ Unit load size ≤ Transfer batch size ≤ Production batch size  
• When parts are transferred between adjacent operations, the unit load may be a single part.  

 When operations are not adjacent, short distance moves ⇒ smaller unit load sizes, and 

long distance moves ⇒ larger unit load sizes.  

• The practical size of a unit load (cf. the Unit Load Principle) may be limited by the equipment 

and aisle space available and the need for safe material handling (in accord with the Safety 

Principle).  

 

Selecting unit load size for distribution (see  Figure 2 ):  

• Containers/pallets are usually available only in standard sizes and configurations.  

• Truck trailers, rail boxcars, and airplane cargo bays are limited in width, length, and height.  
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• The existing warehouse layout and storage rack configuration may limit the number of 

feasible container/pallet sizes for a load.  

• Customer package/carton sizes and retail store shelf restrictions can limit the number of 

feasible container/pallet sizes for a load.  

 
 

Design of material handling systems 

Material handling is integral to the design of most production systems since the efficient flow 

of material between the activities of a production system is heavily dependent on the 

arrangement (or layout) of the activities. If two activities are adjacent to each other, then 

material might easily be handed from one activity to another. If activities are in sequence, a 

conveyor can move the material at low cost. If activities are separated, more expensive 

industrial trucks or overhead conveyors are required for transport. The high cost of using an 

industrial truck for material transport is due to both the labor costs of the operator and the 

negative impact on the performance of a production system (e.g., increased work in process) 

when multiple units of material are combined into a single transfer batch in order to reduce 

the number of trips required for transport. 

The unit load concept 

A unit load is either a single unit of an item, or multiple units so arranged or restricted that 

they can be handled as a single unit and maintain their integrity. Although granular, liquid, 

and gaseous materials can be transported in bulk, they can also be contained into unit loads 

using bags, drums, and cylinders. Advantages of unit loads are that more items can be handled 

at the same time (thereby reducing the number of trips required, and potentially reducing 

handling costs, loading and unloading times, and product damage) and that it enables the use 

of standardized material handling equipment. Disadvantages of unit loads include the 

negative impact of batching on production system perf load, and the cost of returning empty 

containers/pallets to their point of origin. 

In-process handling 

Unit loads can be used both for in-process handling and for distribution (receiving, storing, 

and shipping). Unit load design involves determining the type, size, weight, and configuration 
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of the load; the equipment and method used to handle the load; and the methods of forming 

(or building) and breaking down the load. For in-process handling, unit loads should not be 

larger than the production batch size of parts in process. Large production batches (used to 

increase the utilization of bottleneck activities) can be split into smaller transfer batches for 

handling purposes, where each transfer batch contains one or more unit loads, and small unit 

loads can be combined into a larger transfer batch to allow more efficient transport. 

Distribution 

Selecting a unit load size for distribution can be difficult because containers/pallets are usually 

available only in standard sizes and configurations; truck trailers, rail boxcars, and airplane 

cargo bays are limited in width, length, and height; and the number of feasible 

container/pallet sizes for a load may be limited due to the existing warehouse layout and 

storage rack configurations and customer package/carton size and retail store shelf 

restrictions. Also, the practical size of a unit load may be limited by the equipment and aisle 

space available and the need for safe material handling. 

 

Hoisting equipment - forklift truck 

For vertical lifting of freely suspended, heavy, bulky loads, hoisting equipment (or hoists) 

works in conjunction with overhead cranes and workstation cranes. Their lifting capacities 

depend on their construction. Their travel is directed by an operator, either manually or with 

a wired pendant station or wireless controls. Typical applications include helping operators in 

manufacturing, warehousing and construction to lift loads in support of production or storage 

activities, loading and unloading, or one process to the next. 

Hoisting equipment is used in a variety of areas to support processing and handling 

throughout a facility: 

Assembly: Moving products through production processes 

Positioning: Securing a component for additional work 

Transportation: Loading finished products onto open trailers or railcars 

Staging: Holding work-in-process for additional production processes 

Storage: Transporting heavy items to and from storage areas 

Warehousing: Moving large, heavy products to and from docks 

 

Cranes 

General characteristics of cranes: 

• Used to move loads over variable (horizontal and vertical) paths within a restricted area 

• Used when there is insufficient (or intermittent) flow volume such that the use of a conveyor 

cannot be justified 

• Provide more flexibility in movement than conveyors 

• Provide less flexibility in movement than industrial trucks 

• Loads handled are more varied with respect to their shape and weight than those handled 

by a conveyor 

• Most cranes utilize hoists for vertical movement, although manipulators can be used if 

precise positioning of the load is required 
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Mobile crane 

A mobile crane is a cable-controlled crane mounted on crawlers or rubber-tired carriers or a 

hydraulic-powered crane with a telescoping boom mounted on truck-type carriers or as self-

propelled models. They are designed to easily transport to a site and use with different 

types of load and cargo with little or no setup or assembly. 

 

Overhead crane 

An overhead crane, commonly called a bridge crane, is a type of crane found in industrial 

environments. An overhead crane consists of parallel runways with a traveling bridge 

spanning the gap. A hoist, the lifting component of a crane, travels along the bridge. If the 

bridge is rigidly supported on two or more legs running on a fixed rail at ground level, the 

crane is called a gantry crane. Unlike mobile or construction cranes, overhead cranes are 

typically used for either manufacturing or maintenance applications, where efficiency or 

downtime are critical factors. 

 

Gantry 

A gantry crane has a hoist in a fixed machinery house or on a trolley that runs horizontally 

along rails, usually fitted on a single beam (mono-girder) or two beams (twin-girder). The 

crane frame is supported on a gantry system with equalized beams and wheels that run on 

the gantry rail, usually perpendicular to the trolley travel direction. These cranes come in all 

sizes, and some can move very heavy loads, particularly the extremely large examples used in 

shipyards or industrial installations. A special version is the container crane (or "Portainer" 

crane, named by the first manufacturer), designed for loading and unloading ship-borne 

containers at a port. 
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Derrick 

A derrick is a lifting device composed at minimum of one guyed mast, as in a gin pole, which 

may be articulated over a load by adjusting its guys. Most derricks have at least two 

components, either a guyed mast or self-supporting tower, and a boom hinged at its base to 

provide articulation, as in a stiffleg derrick. The most basic type of derrick is controlled by 

three or four lines connected to the top of the mast, which allow it both to move laterally and 

cant up and down. To lift a load, a separate line runs up and over the mast with a hook on its 

free end, as with a crane. Forms of derricks are commonly found aboard ships and at docking 

facilities. Some large derricks are mounted on dedicated vessels, and known as floating 

derricks and sheerlegs. 

 

 

Telescopic Crane 

A telescopic crane has a boom that consists of a number of tubes fitted one inside the other. 

A hydraulic or other powered mechanism extends or retracts the tubes to increase or 

decrease the total length of the boom. These types of booms are often used for short term 

construction projects, rescue jobs, lifting boats in and out of the water, etc. The relative 

compactness of telescopic booms make them adaptable for many mobile applications. Note 

that while telescopic cranes are not automatically mobile cranes, many of them are. These 

are often truck-mounted. 
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Conveying equipment 

Fixed Path Conveying 

Fixed path conveyances are advantageous for periodic and continuous transport of material 

between locations in warehouses and factories. They are also used to accumulate goods, 

store packages, change elevations, and provide a continuous work surface on which 

progressive assembly or processing can be performed. Consider the factors below when 

developing conveying systems: 

 

Conveying Systems Planning Criteria 

1. Product size and weight (or container characteristics if used) 

2. Distance 

3. Control requirements 

4. Flow rates 

5. Obstructions and facility limitations 

6. Human factors, including noise 

7. Environment 

 

Conveyors are used:  

• When material is to be moved frequently between specific points  

• To move materials over a fixed path  

• When there is a sufficient flow volume to justify the fixed conveyor investment  

 

Conveyors can be classified in different ways:  

• Type of product being handled: unit load or bulk load  

• Location of the conveyor: in-floor, on-floor, or overhead  

• Whether loads can accumulate on the conveyor or no accumulation is possible  

   

Package conveyors 

The movement of individual items or packages through a warehouse distribution system is 

often the job of the package conveyor.  Uniquely suited for items that do not feature any 

loose ends that could be caught in conveyor belts or rollers, these systems can be designed 

to speed sortation, order picking, packaging, and bar code integration. The experienced team 

at Morrison Company will review your goals, warehousing requirements and product 

movement to determine the right format of package conveyor to ideally suit your needs. 
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Gravity roller conveyors 

 

 Roller conveyor  

 Unit + On-Floor + Accumulate  

 May be powered (or live) or nonpowered (or gravity)  

 Materials must have a rigid riding surface  

 Minimum of three rollers must support smallest loads at all times  

 Tapered rollers on curves used to maintain load orientation  

 Parallel roller configuration can be used as a (roller) pallet conveyor (more flexible than a 

chain pallet conveyor because rollers can be used to accommodate are greater variation 

of pallet widths)  

 

Gravity roller conveyor  

 Alternative to wheel conveyor  

 For heavy-duty applications  

 Slope (i.e., decline) for gravity movement depends on load weight  

 For accumulating loads  

 
Live (powered) roller conveyor  

 Belt or chain driven  

 Force-sensitive transmission can be used to disengage rollers for accumulation  

 For accumulating loads and merging/sorting operations  

 Provides limited incline movement capabilities  
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Screw conveyors 

 
  Bulk + On-Floor  

 Consists of a tube or U-shaped stationary trough through which a shaft-mounted 

helix revolves to push loose material forward in a horizontal or inclined direction  

 One of the most widely used conveyors in the processing industry, with many 

applications in agricultural and chemical processing  

 Straight-tube screw conveyor sometimes referred to as an “auger feed”  

 

 

Flight or scraper conveyors 

 

 

 Bulk + On-Floor  

 A steel belt and either a magnetic slider bed or a magnetic pulley is used  

 To transport ferrous materials vertically, upside down, and around corners  
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Bucket conveyors/ Bucket elevators 

 

 

 

 Bulk + On-Floor  

 Used to move bulk materials in a vertical or inclined path  

 Buckets are attached to a cable, chain, or belt  

 Buckets are automatically unloaded at the end of the conveyor run  

  

Belt conveyors 

  Unit + On-Floor + No Accumulation  

 For transporting light- and medium-weight loads between operations, departments, 

levels, and buildings  

 When an incline or decline is required  

 Provides considerable control over the orientation and placement of load  

 No smooth accumulation, merging, and sorting on the belt  

 The belt is roller or slider bed supported; the slider bed is used for small and 

irregularly shaped items  

 

Pneumatic conveyors 

 

 Bulk/Unit + Overhead  

 Can be used for both bulk and unit movement of materials  

 Air pressure is used to convey materials through a system of vertical and horizontal 

tubes  

 Material is completely enclosed and it is easy to implement turns and vertical moves  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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