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Operations Management

Operations Management is the management of that part of an organization that is responsible for producing goods
and/or services. It refers to the administration of business practices to create the highest level of efficiency possible
within an organization. It is concerned with converting material converting materials and labor into goods and services
as efficiently as possible to maximize the profit of an organization.

Obijectives of Operations Management;

1. Customer Service; The Operations Management must provide something to a specification which can satisfy the
customer in terms cost and timing. Thus, primary objective can be satisfied by providing the ‘right thing at the
right price at the right time’. There are three aspects of Customer Service;

a. Specification

b. Cost, and
c. Timing
Aspects of Customer Service
Principal customer wants
Principal function Primary consideration COther consideration
Manufacture Goods of a given, requested or| Costie. purchose price or cost of obtaining
acceptable specification goods
Timing, 1.e. delivery delay from order or
request to receipt of goods
Trarsport Movement of a given, requested or | Cost, i.e. cost of movement, Timing ,i.e.
acceptable specification ()l durafion or ime to move
(]  wait, or delay from reguesting to its
commencement
Supplhy Zoods of a given, requested or| Cost, that s purchase price or cost
acceptable specification cbtaining goods
Timing, i.e. delivery delay from order or
request to supply, to receipt of goods
Service Treatment of a given, requested or | Cost, i.e. cost of tfreatment
acceptable specification Timing, i.e.
i) Duration or timing regured for
treatment
(]  wait, or delay from reguesting to its
commencement

2. Resource Utilization; customer service must be provided with the achievement of effective operations through
efficient use of resources. Inefficient use of resources or inadequate customer service leads to commercial

failure of an operating system.
The twin objectives of operations management

The customer service objective. The resource ufilization objective.

To provide agresed/adequate levels of customer | Toachisve adeguate levels of resource Utilization
service  [(and  hence customer  sotisfoction) | (or productivity) eg., to achieve agreed levels
by providing goods or services with the nght | of utilization of matenals, machines and lakbour.
specification, at the nght cost and at the nght fime.
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Scope of Operations Management;
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Location of facilities.

Plant layouts and Material Handling.
Product Design.

Process Design.

Production and Planning Control.
Quality Control.

Materials Management.
Maintenance Management.

Designing of Goods and Services; (Product Design)

A. Objectives of Product Design;

1. The overall objective is profit generation in the long run.

2. To achieve the desired product quality.

3. To reduce the development time and cost to the minimum.

4. To reduce the cost of the product.

5. To ensure manufacturability (design for manufacturing and assembly).
B. Factors Influencing Product Design;

T TSm0 o0 T

Customer requirements;
Convenience of the operator or user:
Trade off between function and form:
Types of materials used:

Work methods and equipments:
Cost/Price ratio:

Product quality:

Process capability:

Effect on existing products:
Packaging:

C. Characteristics of Good Product Design;

1. Function or performance: what the customer expects the product to do to solve his/her problem or offer
certain benefits leading to satisfaction

2. Appearance or aesthetics: includes the style, colour, look, feel, etc. which appeals to the human sense and
adds value to the product.

3. Reliability: probability that a product will function for a specific time period without failure.

4. Maintainability:

5. Availability:

6. Productibility: This refers to the ease of manufacture with minimum cost

7. Simplification:

8. Standardisation: Refers to the design activity that reduces variety among a group of products or parts.

9. Specification

10. Safety:

New Product Design; (Product Development);

A. The Origin of New Products;

Approaches to Product Design;
1. Designing for the Customer; One approach to getting the voice of the customer into the design specification of a
product is quality function deployment (QFD).
2. Designing for Manufacture and Assembly (DFMA);
a.
Problems in this approach can be overcome by an approach known as concurrent engineering (or simultaneous
engineering).

“over-the-wall approach”; “we design it, you build it”
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Concurrent engineering means bringing design and manufacturing people together early in the design phase to

simultaneously develop the product and processes for manufacturing the product.

Design for Manufacturing (DFM); The term design for manufacturing is used to indicate the designing of

products that are compatible with an organisation’s capability

Design for Assembly (DFA); Design for assembly focuses on reducing the number of parts in a product or on

assembly methods and sequence that will be employed.

Designing for Ease of Production; Designing products for ease of production is a key way for manufacturers to be

competitive in the world market. Three concepts which are closely associated to designing for ease of

production are:

a. Specifications; A Specification is a detailed description of a material, part or product, including physical
measures such as dimensions, volume, weight etc.

b. Standardisation; refers to design activity that reduces variety among a group of products or parts. This will
result in higher volume for each product or part model which can lead to lower production costs, higher
product quality and lower inventory and higher ease of automation.

c. Simplification; Simplification of product design is the elimination of complex features so that the intended
function is performed with reduced costs, higher quality and better customer satisfaction.

Designing for Quality; Building product quality into the product design is the first step in producing products of

superior quality. This is known as “quality of design”.

» Quality of design refers to the quality specifications incorporated in the design. It consists of quality
characteristics such as appearance, life, safety, maintenance and other features of the product

Quality of Design is followed by Quality of Conformance;

» Quality of conformance is the degree to which the product actually conforms to the design specification.

Designing products for quality consists of three aspects of design

a. Robust Design; A robust design is one that will perform as intended even if undesirable conditions occur
either in production or in the field.

b. Designing for Production; (for ease of manufacturer and assembly)

v" Modular Design;
v" Designing for Automation

c. Designing for Reliability; probability that a product will function for a specific time period without failure.

Designing for Ergonomics; Poorly designed products may cause work-related accidents resulting in injuries to

users. Hence, comfort, safety and ease of use for the users are becoming more important quality dimensions

that have to be considered in product design. Human Factor Engineering or Ergonomics applies knowledge of
human capabilities and limitations to the design of products and processes.

Designing for Environmental Protection; This includes designing products which are environmental friendly

(e.g., Euro Il automobile) known as green designs. Sometimes reaction to a social or environmental concern

opens up a set of promising new design options.

Designing for Recycling; This approach to product design focuses on designing products so that raw materials

such as plastics can be retrieved once the product has finished its useful life and scrapped. Recycling means

recovering materials for further use. Recycling is done to achieve cost savings, and also to meet environmental
concerns and regulations. Designing for recycling facilitates the recovery of materials and components in used
products for reuse.

Designing for Disassembly; (DFD); This involves designing products which can be more easily taken apart or

disassembled. It includes fewer parts and less material and using snap-fits where possible instead of screws,

bolts and nuts.

Designing for Mass Customisation; It is a strategy of designing standardised products but incorporating some

degree of customization in the final product. Delayed differentiation and modular designs are two tactics used

to make mass customisation possible.

a. Delayed differentiation; is the process of producing but not quite completing, a product, postponing
completion until customer preferences or specifications are known.

b. Modular designs; is a form of standardisation in which component parts are grouped into modules that are
easily replaced or interchanged to produce varieties of the same basic product.

Computer Aided Design (CAD); CAD uses computer graphics for product design. A number of products such as

printed circuit boards, transformers, automobile parts, aircraft parts etc. can be designed using CAD.
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11. Value Engineering/Value Analysis in Product Design: Value engineering or value analysis is concerned with the
improvement of design and specifications at various stages such as research, development, design and product
development.

Benefits;

"D OO0 T W

g.

Cost reduction.

Less complex products.

Use of standard parts/components.
Improvement in functions of the product.
Better job design and job safety.

Better maintainability and serviceability.
Robust design.

Value engineering aims at cost reduction at equivalent performance. It can reduce costs to the extent of 15% to
70% without reducing quality. While value engineering focuses on preproduction design improvement, value
analysis, a related technique seeks improvements during the production process. (Dec 2014)

B. Product Life Cycle;
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The life cycle is nothing more than the pattern of demand for a product over time. Not every product goes through
every stage. In fact, many products never get past the introduction stage. The length of time a product spends in any
one stage may vary differently. Some products move through the entire cycle in a very short period. Repositioning a
product can lead to a new growth cycle. Repositioning is basically changing the image or perceived uses of the product.
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Process Planning;
Process Planning and Process Design; A process is a sequence of activities that is intended to achieve some result,
typically to create added value for the customers.
v' A process converts inputs into outputs in a production system.
v It involves the use of organisation’s resources to provide something of value
Process decisions involve many different choices in selecting human resources, equipment and machinery, and
materials. Process decisions are strategic and can affect an organisation’s ability to compete in the long run.

Types of Processes:

1. Conversion processes; converting the raw materials into finished products(converting iron ore into iron and then
to steel). The conversion processes could be metallurgical or chemical or manufacturing or construction
processes.

2. Manufacturing processes;

a. Forming processes include foundry processes (to produce castings) and other processes such as forging,
stamping, embossing and spinning. These processes change the shape of the raw material (a metal) into the
shape of the workpiece without removing or adding material.

b. Machining processes comprise metal removal operations such as turning, milling, drilling, grinding, shaping,
planing, boring etc.

C. Assembly processes involve joining of parts or components to produce assemblies having specific functions.

Process Planning; (Dec 2014)Process planning is concerned with planning the conversion processes needed to convert
the raw material into finished products. It consists of two parts:
1. Process Design; Process Design is concerned with the overall sequences of operations required to achieve the
product specifications.
v It specifies the type of work stations to be used
v"the machines and equipments necessary to carry out the operations
v" The sequence of operations are determined by
a. the nature of the product,
b. the materials used
c. the quantities to be produced and (d) the existing physical layout of the plant.
2. Operations Design; Operations Design is concerned with the design of the individual manufacturing operation.
v It examines the man-machine relationship in the manufacturing process.
v Operations design must specify how much labour and machine time is required to produce each unit of
the product.
Framework for Process Design; The process design is concerned with the following:

a. Characteristics of the product or service offered to the customers.

Expected volume of output.

Kinds of equipments and machines available in the firm.

Whether equipments and machines should be of special purpose or general purpose.
Cost of equipments and machines needed.

Kind of labour skills available, amount of labour available and their wage rates.

Expenditure to be incurred for manufacturing processes.’

T@e 0o a0 0CT

Whether the process should be capital-intensive or labour-intensive.
i. Make or buy decision.

j-  Method of handling materials economically.
Process Selection; Process selection refers to the way production of goods or services is organised.
v It is the basis for decisions regarding capacity planning, facilities (or plant) layout, equipments and design of
work systems.
v Process selection is necessary when a firm takes up production of new products or services to be offered to the
customers.
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Three primary questions to be addressed before deciding on process selection are:
(il How much vanety of products or services will the system need to handle?
(i}  What degree of equipment flexibility will be needed®
(]  What iz the expected volume of output?
Process Strategy; A process strategy is an organisation’s approach to process selection for the purpose of transforming
resource inputs into goods and services (outputs)
> The objective of a process strategy is to find a way to produce goods and services that meet customer
requirement and product specification (i.e., design specifications) within the constraints of cost and other
managerial limitations
Key aspects in process strategy include:
a. Make or buy decisions
b. Capital intensity; refers to the mix of equipment and labour which will be used by the firm, and
c. Process flexibility; refers to the degree to which the system can be adjusted to changes in processing
requirements due to such factors as changes in product or service design, changes in volume of products
produced and changes in technology.
Three process strategies:
1. Process Focus:;
v" Each process is designed to perform a wide variety of activities and handle frequent changes. Such
processes are called intermittent processes
2. Repetitive Focus; A repetitive process is a product oriented production process that uses modules. It falls
between product focus and process focus. It uses modules which are parts or components prepared often in a
continuous or mass production process.
v' A good example of repetitive process is the assembly line which is used for assembling automobiles and
household appliances and is less flexible than process-focused facility.
3. Product Focus; It is a facility organised around products, a product oriented, high-volume low variety process.
e |tis also referred to as continuous process because it has very long continuous production run.
e Examples of product focussed processes are steel, glass, paper, electric bulbs, chemicals and
pharmaceutical products, bolts and nuts etc.
Process Analysis and Design;(June 2015) Process Analysis and Design is a systematic approach to improve our
understanding of the business processes of an organization to assist in the realization of tangible benefits such as cost
reduction, process efficiency, and effective human resource allocation.

PROCESS AMALYSIS AND DESIGN

v ! ' v

Planning Analysis Design Implementation
! !} ¥ !

. Define how . Understand as . Develop how 1. Develop
project is is state to realize To-Be implementation
important . ldentify state plan
to the improvements . Develop To-Be 2, Design tests
organization . Develop process design 3. Develop

. Define plan for concept for To- knowledge
project Be-state documentation

. Development and training
project charter 4, Develop

. Develop change
schedule communication
commitments

Process Analysis and Design
Process Management; Process management is concerned with the selection of inputs, operations, work flows and
methods that transform inputs into outputs. The starting point of input selection is the make-or-buy decision (i.e.,
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deciding which parts and components are to be produced in-house and which are to be purchased from outside
suppliers).

Companies begin the process of organizing operations by sefting competitive priorties. That is they

must detemnine which of the following eight prorties are to be emphasized as competitive advantages:

1. Low-cost operations 2. High performance design
3. Corsistent guality 4. Fast delvery time

3. On-time delivery &. Development speed

7. Product customization 8. Volume flexibility

Process Decisions; It must be made when:
a. anew or modified product or service is being offered
quality must be improved
competitive priorities have changed
demand for a product or service is changing
cost or availability of materials has changed
Competitors are doing better by using a new technology or a new process.

~0oo0T

Major Process Decisions;
1. Process Choice; The production manager has to choose from five basic process types
a. Job Shop Process;

b. Batch Process

c. Repetitive Process; This is used when higher volumes of more standardised goods or services are needed.

- This type of process is characterised by slight flexibility of equipment (as products are standardised) and
generally low labour skills

- Products produced include automobiles, home appliances, television sets, computers, toys etc.

- Repetitive process is also referred to as line process as it include production lines and assembly lines in
mass production
d. Continuous Process; This is used when a very highly standardised product is desired in high volumes.

- These systems have almost no variety in output and hence there is no need for equipment flexibility.
- A continuous process is the extreme end of high volume, standardized production with rigid line flows

- The process often is capital intensive and operate round the clock to maximise equipment utilisation
and to avoid expensive shut downs and shut ups.

- Examples of products made in continuous process systems include petroleum products, steel, sugar,
flour, paper, cement, fertilisers etc.
e. Project Process; It is characterised by high degree of job customisation, the large scope for each project and
need for substantial resources to complete the project.

- Examples of projects are building a shopping centre, a dam, a bridge, construction of a factory, hospital,
developing a new product, publishing a new book etc.
2. Vertical Integration; (Dec 2013) Vertical integration is the degree to which a firm’s own production system
handles the entire supply chain starting from procurement of raw materials to distribution of finished goods.
> When managers decide to have more vertical integration, there is less outsourcing
> The vertical integration is based on “make-or-buy” decisions, with make decisions meaning more integration
and a buy decision meaning less integration and more outsourcing.
Two directions of vertical integration are; (Dec 2014)
a. Backward integration which represents moving upstream toward the sources of raw materials and parts
b. Forward integration in which the firm acquires the channel of distribution (such as having its own
warehouses, and retail outlets).(Dec 2013) (Dec 2014)

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com (Special Revision Note-Dec 2016) Page 8



mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255
CMA Mohammad Asthaf Anathan 9790809900

Advantages of vertical integration are:

il  Caonsometimes increase market share and allow the firm enter foreign markets more easily.
() Caonachieve savings in production cost ond produce higher quality goods.

(i) Canachieve mors timely delivery.

(rv) Better utilisation of all types of resources.

Disadvantages of verical infegration are:

il Mot attractive for low volurmes.

(] High capital investrment and operating costs.

(i) Less ability to react more quickly to changes in custormer demands, competitive actions and
new technigues.

3. Resource Flexibility; Resource flexibility is the ease with which equipments and workers can handle a wide
variety of products, levels of output, duties and functions.
4. Customer Involvement; Customer involvement refers to the ways in which customers become part of the
production process and the extent of their participation.
5. Capacity Intensity; Capital intensity is the mix of equipment and human skills in a production process.
v Capital intensity will be high if the relative cost of equipment is high when compared to the cost of
human labour.
v' Capital intensity means the predominant resource used in manufacturing, i.e., capital equipments and
machines rather than labour.
v Decision regarding the amount of capital investment needed for equipments and machines is important
for the design of a new process or the redesign of an existing one.
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Production Planning

Production planning and control may be defined as the planning, direction and coordination of the firm’s material and
physical facilities towards the attainment of predetermined production objectives in the most economical manner.

Scope of Production Planning and Control (PPC) Functions; (Dec 2014 ) (9 Mark)

1. Materials; Raw materials, spare parts and components which must be available in the correct quantities and
specifications at the right time.

2. Methods; It involves deciding the best sequence of operations for manufacturing the parts, building up
subassemblies and major assemblies which in turn will make up the finished product, within the limitations of
existing layout and workflow.

3. Machines and Equipments; PPC is concerned with selection of machines and equipments and also with
maintenance policy, procedure and schedules, replacement policy and tooling. (Design and manufacture of
tools).

4. Routing; Routing prescribes the flow of work in the plant and is related to consideration of layout, of temporary
storage locations for raw materials, components and semi processed parts, and of material handling systems.
Routing is a basic PPC function.

5. Estimating The processing times (both set up time and operation time per piece) required for the parts to be
manufactured in-house are estimated and the standard time (both machine time and labour time) are
established as performance standards.;

6. Loading and Scheduling; Machines have to be loaded according to their capacity and capability. Machine loading
is carried out in conjunction with routing (as indicated in process layouts or operations analysis and routing
sheets) to ensure smooth workflow and the prescribed feeds. Speeds of machines are adhered to as well as the
estimated time (standard time which is the allowed time to do a job.

Scheduling: Determines the utilisation of equipment and manpower and hence the efficiency of the plant.

7. Dispatching; This is concerned with the execution of planning functions.

8. Expediting or Progressing: This means follow-up or keeping track of the progress made in completing the
production as per schedules. This follows dispatching function logically.

9. Inspection

10. Evaluating and Controlling;

Principles of Production Planning and Control (PPC)

1. Type of production determines the kind of production planning and control system needed.
Number of parts involved in the product affects expenses of operating PPC department.
Complexity of PPC function varies with the number of assemblies involved.

Time is a common denominator for all scheduling activities.

Size of the plant has relatively little to do with the type of the PPC system needed.
PPC permits ‘management by exception’.

Cost control should be a by-product of PPC function.

No RN

Prime Objectives of Production Planning and Control
> Profits of the enterprise; This is accomplished by keeping the customers satisfied through the meeting of
delivery schedules.
Prime Advantages;
> Efficiency and economy are maximized; The 4 Ms -resources of men, machinery, materials and money are
analysed to select the most appropriate materials, methods, and facilities for accomplishing the work. This is
followed by functions such as routing, estimating and scheduling.
General Objectives of Production Planning Control;
a. To deliver quality goods in required quantities to the customer in the required delivery schedule to achieve
maximum customer satisfaction and minimum possible cost.
To ensure maximum utilization of all resources.
To ensure production of quality products.
To minimise the product through-put time or production/manufacturing cycle time.
To maintain optimum inventory levels.
f. To maintain flexibility in manufacturing operations.

® oo T
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g. To plan for plant capacities for future requirements.

h. To remove bottle-necks at all stages of production and to solve problems related to production.

i. To ensure effective cost reduction and cost control.

j.  To produce effective results for least total cost.
Production Control;
Importance of Control Function; The function of production control is to;

i Provide for the production of parts, assemblies and products of required quality and quantity at the required

time.
ii. Co-ordinate, monitor and feedback to manufacturing management, the results of the production activities,
analyzing and interpreting their significance and taking corrective action if necessary.

iii. Provide for optimum utilisation of all resources.

iv. Achieve the broad objectives of low cost production and reliable customer service..
Benefits of Production Control;

1. Improvement in profits through;
a. Maintenance of a balanced inventory of materials, parts, work-in-process and finished goods.
b. Balanced and stabilized production.
c. Maximum utilization of equipment, tooling, labour (manpower) and storage space.
d. Minimum investment in inventory.
e. Reduction in indirect costs.
f.  Reduction in set up costs.
8
Co
a.

. Reduction in scrap and rework costs.
mpetitive advantage-
Reliable delivery to customers.
b. Shortened delivery schedules to customers.
c. Lower production costs and greater pricing flexibility.
d. Orderly planning and marketing of new or improved products.
Elements of Production Control;
a. Control of Planning; Assure receipt of latest forecast data from sales and production planning, bill of material
data from product engineering and routing information from process engineering.
b. Control of Materials; Control of inventory and providing for issue of materials to the shop and movement of
materials within the shop.
c. Control of Tooling; Check on the availability of tooling and provide for issue of tools to shop floors from tool
cribs.
d. Control of Manufacturing Capacity;
e. Control of Activities; Release order and information at assigned times.;
f. Control of Quality; Control of Due Dates
g. Control of Material Handling; Control of Information
Phases in Production Planning and Control Function; (Dec 2014 Set 2)
1. Planning Phase;
a. Pre-planning; Pre-planning activity involves product planning and development, demand forecasting,
resources planning, facilities planning, plant planning, plant location and plant layout.
b. Active Planning; Active planning involves planning for quantity, determination of product - mix, routing,
scheduling, material planning, process planning, capacity planning and tool planning.
2. Action Phase; Execution or implementation phase includes dispatching and progressing function.
3. Control Phase; Includes status reporting, material control, tool control, inventory control, quality control, labour
output control and cost control.
Production Planning Functions; The main functions of production planning are; (Dec 2014)
1. Estimating; Involves deciding the quantity of products to be produced and cost involved in it on the basis of sales
forecast.
v Estimating manpower, machine capacity and materials required (Bill of material is the basis) to meet the
planned production targets are the key activities before budgeting for resources.
2. Routing; This is the process of determining the sequence of operations to be performed in the production
process.

2.
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v Routing determines what work must be done, where and how?

v Routing information is provided by product or process engineering function and it is useful to prepare
machine loading charts and schedules.

A route sheet is a document providing information and instructions for converting the raw materials into
finished parts or products.

v It defines each step of the production operation and lays down the precise path or route through which
the product will flow during the conversion process.

3. Scheduling; (Dec 2014)Involves fixing priorities for each job and determining the starting time and finishing time
for each operation, the starting dates and finishing dates for each part, sub assembly and final assembly.

v" Scheduling lays down a time table for production indicating the total time required for the manufacture
of a product and also the time required for carrying out the operation for each part on each machine or
equipment.

4. Loading; Facility loading means loading of facility or work centre and deciding which jobs to be assigned to which
work centre or machine. Loading is the process of converting operation schedules into practice.

v" Machine loading is the process of assigning specific jobs to machines, men or work centers based on
relative priorities and capacity utilization.

v" A machine loading chart (Gantt chart) is prepared showing the planned utilisation of men and machines
by allocating the jobs to machines or workers as per priority sequencing established at the time of
scheduling,

Loading ensures maximum possible utilisation of productive facilities and avoids bottlenecks in production.
Production Control Functions; The Control functions are;

1. Dispatching; Dispatching may be defined as setting production activities in motion through the release of orders
(work order, shop order) and instructions in accordance with the previously planned time schedules and
routings.

2. Expediting/Follow up/Progressing; Expediting or progressing ensures that the work is carried out as per plan and
delivery schedules are met.

Basic Types of Production Control;

1. Block Control; Textiles and books and magazine printing
Flow Control; chemicals, petroleum, glass
Load Control; bottleneck machine exist in process of manufacturing (Dec 2013)
Order control; employed in companies with intermittent production systems;
Special project control; bridges, schools, hospitals etc.

6. Batch control; food processing industries;
Production Planning and Control in Different Production Systems;

1. PPCin Job Production;

2. PPCin Batch Production

3. PPCin Continuous Production;

a. Mass Production
b. Row Production.
4. PPCin Process Industry;

Requirement of Effective Production Planning and Control System;

1. Sound crganizafional structure with mechanism for proper delegation of authorty and fxation of
responsibility af all levels.

ukhwnN

Information feedback system should provide reliable and uvp-to-date information to all persons
camying out PPC funclions.

(]

3. Standardisation of materals, tools, equipments, labour, guality, workmanship etc.
Trained personnel for using the special tools, equipments and manufaciuing processes.

Flexicility to accommeodate changes and boffle-necks such as shorfage of matenals, power
failures, machine break downs and absenteekm of employees.

6. Approprate management policies regarding production and inventory levels, product -mix and
inverntony tumover.

7. Accurate agssessment of manufacturing lead fimes and procuremenit lead times.

Plart capacity should be adequate 1o meet the demand. The plant should be flexble in order to
respond to the infroduction of new products, changes in product-mix and preduction rate.
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Limitations of PPC;

(o)

L]

lc)

(d)

Production planning and conirel funclion is bosed on certain assumptions or forecasts of customers’
demand. plant capacity, availability of materials, power etc. If these assumptions go wrong, PPC
becomes ineffective.

Employees may resist changes is production levels set as per preduction plans if such plans are
rigid.

The production planring process is fime consuming when it is necessary to camy out routing and
scheduling functions for large and complex preducts consisting of a large no. of parts going into
fhe product.

Production planning and conircl function becomes exiremely difficult when the envircnmenial
factors change very rapidly such as technology, customers’ taste regarding fashion or style of
products needed. Govermment policy and confrols stoppages of power supply by electricity
boards due to power culs, break in supply chain due to natural calamifies such as floods,

anrthen inbkec wor ate
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Capacity Planning;

Capacity of a facility is referred to as its capability to produce. Capacity should be able to meet the present and future
Demand and to some extent the sudden demands too.

Definition; Capacity is the rate of output from an operating system per unit time. Capacity is based on the output that
the system can produce, store, and transport. For example, a cement plant could be capable to produce 3000 tons per
day (tpd) of cement. Capacity planning decision involves the following considerations:

a. What is the present capacity?
b. What is the expected future capacity needs in the projected planning period?

c. What are the options to meet the demand and how the capacity could be modified to meet the need?
d. Evaluation of various options of capacity from financial, economical and technological considerations.

e. Selection of the most appropriate option for the capacity to achieve the objectives.
Classification of Capacity; Capacity is classified in many ways such as budgeted, dedicated, productive, protective, rated,
safety, standing, and demonstrated. Mainly, the classification of capacity is talked in terms of:
1. Designed or rated capacity; Designed capacity is also the maximum capacity, which a facility can achieve.
Designed capacity is usually higher than the normal output rate.
The designed capacity of a process is calculated by taking into account the following:
v" Number of machines available
v Capacity of each machine
v" Number of shifts operated
v" Duration of each shift

v" Number of workdays in the period under consideration.
Capacity of the process s expressed in terms of above factors as shown below:

Capacity of the process = CN NN H
Where C = Capacity of machine per hour
M. = Mumber of machines
M, = Mumber of shifts per day
N, = Number of days in the fime percod
H = Hours in each shift
Assumptions;
The workers performing the job are working with the same efficiency.
There is no loss of time during product changeover.
The process does not face machine breakdown or low rate of production during machine operation.
Preventive or planned shutdowns are not included in the process time.
No overtime is included.
Workers are working at a normal rate.
No loss of time due to worker problems.

NoukwNE

The maximum capacity is increased by the following actions:
a. Increase the number of machines
Increase the number of operating hours in the shift
Increase the number of shifts, if possible
Deploy trained manpower
Avoid loss due to scrap or damages
Control waste of time by workers
g. Give incentives to workers to perform at a higher rate
2. Planned Capacity; Planned capacity is the capacity, which is maintained or achieved in normal operations.
Planned capacity is usually less than the designed capacity due to the following reasons:
1. Unexpected demand disturbs the planned programme.
2. Variation in the time taken in completing the preventive and predictive maintenance.

-0 oooT
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3. Repairs time

4. Strain for both men and machine to run at maximum capacity.

A. The efficiency measures the ratio of planned resource allocation for a process and the actual resource
consumed by the process.

Efficiency = Standard time/Actual time
B. Utilization is the percentage of a resource’s maximum capacity, which is expected to involve in production.

Utilization = Actual hours/Scheduled available hours

v’ Utilization factor and efficiency are both assumed to develop realistic and feasible plans.
v" Unlike the utilization factor, efficiency, can exceed 100 percent, if the rate of work is higher than the
standard performance.

Planned capacity is therefore calculated by determining the designed capacity and multiplying the same with the
utilization factor and efficiency.
Planned capacity = Designed capacity x Efficiency x Utilization factor.

3. Demonstrated Capacity; The actual level of output for a process over a period of time is known as the
demonstrated capacity. Demonstrated capacity is determined by averaging the recorded figures of actual output
over a period of time. It might differ from both the designed and the planned capacities for various reasons,
such as;

Product mix

Operator skill and experience

Health of equipment or machines

Type of jobs

Quality of materials

Inaccurate standards for process performance

Idle time

Blockages

Rejection due to poor quality

Units of Measure for Capacity; Capacity is expressed by a particular unit. The choice for a particular unit differs

based on the business or on the product.

VVVVVVYVVYYVY

Capacity Measurement Over Time Spans; Capacity available and capacity required are measured in the following time
spans:

a. Short-term Capacity Requirement Plans.
b. Intermediate term Rough Cut Capacity Plans.

C. Long-term Resource Requirement Plans.

Capacity Management; Capacity management is concerned with the matching of the capacity of the operating system
and the demand placed on that system..The existing capacity could be optimally utilized by identifying and eliminating
the problems. It is essential to diagnose the problem and correct the situation, which might not even need any
additional investment. Energy audit and technical audit studies etc.

Management encounters three situations as follows:

1. Designed capacity > Planned capacity > Demonstrated capacity; In this situation, demonstrated capacity falls
short of planned capacity and occurs due to problems with inputs or with the available level of capacity.
Reasons;

» Too many setups needed for large number of products.
> Inadequate skill and experience or operators.

» Excessive breakdowns of machine.

> Blockages.

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com (Special Revision Note-Dec 2016) Page 15



mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255
CMA Mohammad Asthaf Anathan 9790809900

» Rejections and rework.
2. Designed capacity > Demonstrated capacity > Planned capacity; Demonstrated capacity is more than the
planned capacity due to the following:
» Optimum product mix does not require setups.
» Deployment of well trained and experienced staff on the job help in high capacity outputs.
» Quality of incoming material is monitored.
> Less rejection rate, scrap and rework.

3. Designed capacity = Demonstrated capacity > Planned capacity; In this situation, the system produces more than
the production plans demand using all its available capacity. If the situation continues for long, it shows the
threat of insufficient capacity and could be responded to in the following manner:

a. Add capacity:
b. Change the Process:
c. Reduce the input rate at which the orders enter the process.

Capacity Management Strategies for dealing with Demand Fluctuations; Faced with fluctuating and uncertain demand
levels there are two basic capacity planning strategies which might be employed:

1. Providing for efficient adjustment or variation of - system capacity; and

2. Eliminating or reducing the need for adjustments in system capacity.

Capacity Planning Procedures;

1. Aggregation; Capacity planning will seek to estimate or measure all demands and express the total in such a
way as to enable enough of all resources (or total capacity) to be provided. The implication is that such planning
is concerned with total demand, i.e. all demands collected together.

2. Economic Operating Levels; shows the relationship between the unit cost of processing and the throughput rate
for a hypothetical situation.

3. Cumulative graphs; This is a procedure for comparing alternative capacity plans for a period, particularly where
there is a need to balance the costs of changing capacity against cost of insufficient or extra capacity. The
capacity provided to satisfy estimated demand will be influenced by the strategy employed for meeting demand
fluctuations.

4. Linear Programming; This approach provides a means of allocating available capacity and inventories against a
forward demand in such a way as to balance these costs and smooth the level of operations. (Will be discuss
later in detail).

5. Heuristic Methods; Due to the computational complexity of most of the practical relevant optimization
problems, heuristic methods form an important class of solution methods for such problems. A heuristic is a
method that ‘on the basis of experience or judgement seems likely to yield a good solution to the problem, but
cannot be guaranteed to produce an optimum’

6. Queuing Theory Methods; (Will be discuss later in detail). In queuing theory a model is constructed so that
gueue lengths and waiting time can be predicted. The methods used to describe and analyse queuing situations
depend on the form of the system, in particular:

a. number of servicing units;

b. configuration of servicing units, i.e. whether in parallel or in series;

c. queue discipline;

d. distribution of arrival times;

e. distribution of service times.
A Systematic Approach to Capacity Decision; A four-step procedure generally can help managers make sound capacity
decisions.

1. Estimate future capacity requirements.

2. Identify gaps by comparing requirements with available capacity.

3. Develop alternative plans for filing the gaps.

4. Evaluate each alternative, both qualitative and quantitative, and make a final choice.

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com (Special Revision Note-Dec 2016) Page 16



mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255
CMA Mohammad Asthaf Anathan 9790809900

Process Planning
Procedure for process planning and design

1. The inputs required comprise the product design information, production system information and product
strategy decisions.

2. Process planning and design starts with selection of the types of processes, determining the sequence of
operation, selection of equipment, tooling, deciding about the type of layout of facilities and establishing the
control system for efficient analysing of resources to achieve most economical production of the product.

3. The outputs are specific process plans, route sheets, flow charts, assembly charts, installation of equipments,
machinery, material handling systems and providing trained, skilled employees to carryout the production
processes to achieve the desired results.

Purpose of Process Charts
» Process charts can present a picture of a given process so clearly that every step of the process can be
understood by those who study the charts.
» Process charts may be effective in process analysis and may help in detecting inefficiencies of the processes
currently adopted.

Types of Process Charts; Process charts can be classified as operation process charts, flow process charts, worker-
machine/ man-machine charts and activity charts or multiple activity charts.
Process Improvement; It is a systematic study of the activities and flows of each process to improve the process. Once
the process is thoroughly understood, it can be improved.
Process improvement is necessary when:
a. the process is slow in responding to the customer,
the process introduces too many quality problems or errors,
the process is costly,
the process is a bottleneck, with work accumulating and waiting to go through it, and
the process involves waste, pollution and little value addition.

® o0 T

Plant Layout; A plant layout refers to the arrangement of machinery, equipment and other industrial facilities — such as
receiving and shipping departments, tools rooms, maintenance rooms, employee amenities, etc., - for the purpose of
achieving the quickest and smoothest production at the least cost.

Factors Influencing Layout;
1. Materials: storage and movement of raw materials in a plant until they are converted into finished products
Product: A layout is designed with the ultimate purpose of producing a product.
type, position and requirements of employees
The type of product, the volume of its production, the type of process and management policy
Type of industry:
Location
7. Managerial Policies:
Principles of Layout;
1. The Principle of Minimum Travel:
Principle of Sequence:
Principle of Usage:
Principle of Compactness:
Principle of Safety and Satisfaction:
Principle of Flexibility:
Principle of Minimum Investment:

ok wn
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TYPES OF LAYOUT;
a. Process layout; Also called the functional layout, layout for job lot manufacture on batch production layout, the
process layout involves grouping together of like machines in one department
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b. Product layout; Also called the straight-line layout or layout for serialized manufacture (the term straight-line, as
applied to production, refers to the movements which do not involve backtracking or crossing of the line of
movement of the product), the product layout involves the arrangement of machines in one line , depending
upon the sequence of operations.

Produvct Layout Process Layout
1. Mechanisation of materials handling and|1. Reduction in the investment on machines as
conseguent reduction in matenals handling they are general purpose machines.
cost. 2. Greater flexbility in production.

2. Avoidance of bottlenecks. o ) - )

3. Better and more efficient supervision possible
3. Economy in manufactunng time. through specialzation.
4. Better production control. 4, PBetter scope for expansion.
3. Lessfloor arearequired perunitof production.|S.  Better utlization of men and machines.
&, Minimum investment in work-in-progress 6. Basier to handle breakdowns of equipment
7. Eardy detection of mistakes or badly produced Sbf;f’ri;qnnsferr ng work to another machine or

iterms.

8. Greaterincentive to a group of workers to raize Full utilzation of the plant.

their performance. 8. Greater incentive to individual workers fo raise
the level of their pedormance.

c. Fixed position layout; The fixed position layout involves the movement of men and machines to the product
which remains stationary. In this type of layout, the material or major component remains in a fixed location,
and tools, machinery and men as well as other pieces of material are brought to this location.

d. Cellular Manufacturing (CM ) layout; In cellular manufacturing (CM), machines are grouped into cells, and the
cells function somewhat like a product layout within a larger shop or process layout. A distinct feature of CM is
that the number of cells is relatively small and the number of production machines per cell is also small

e. A combination of the above.

LAYOUT PLANNING; The process of preparing a layout is an art as well as a science, in spite of the advances made in the
use of layouts. The layout procedure might start with an analysis of the product to be manufactured and the expected
volume of its production. An analysis of the product includes a study of the parts to be manufactured and/or bought,
and the stages at which they should be assembled to obtain the end product.

Layout Tools and Techniques;

1. Templates : A plant layout template is a scaled representation of a physical object in a layout. This object may
be a machine, materials handling equipment, a worker or even materials. The templates are fixed to plan
drawing and are moved around the drawing to explore the various layout possibilities until a layout, which
eliminates unnecessary handling and back-tracking of materials and offers flexibility to admit revisions at the
least cost, emerge

2. Operations Sequence Analysis; Being an early approach to process layouts, operations sequence analysis
develops a good scheme for arrangement of departments graphically analysing the layout problem.

3. Line Balancing : Line balancing is the phase of assembly line study that nearly equally divides the work to be
done among the workers so that the total number of employees required on the assembly line is minimised.
Line balancing is not simple; in fact, there are usually many alternative ways that the work can be divided among
the workers. Operation researchers have used linear programming dynamic programming and other optimal
methods to study line balancing problems.

Criteria for Selection and Design of Layouts;
a. Material handling cost and
b. Worker effectiveness
The various methods used for selecting the best layout among several alternatives layouts are

a. Travel Chart Method; The trave chart which is also known as from-to-chart is helpful in analysing the overall
flow of material. It shows the number of moves made between departments and identifies the most active
departments.

b. Load-Distance Analysis Method; This method helps to minimise transportation costs by evaluating alternate
layouts on the basis of the total of the product of actual distance moved and the load (the units moved) for each
layout alternative.
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Systematic Layout Planning; Systematic layout planning (SLP) method is used in some production systems such
as service systems, where the amount of material that flows between departments may not be critical for
developing a good facility layout. This method develops a chart known as “relationship chart” or Richard
Muther’s halfmatrix, which rates the relative importance of locating one department close to another
department.

Layout Design Procedure;

1.
2.

©oNO U AW

Statement of specific objectives, scope and factors to be considered.

Collection of basic data on sales forecasts, production volumes, production schedules, part lists, operations to
be performed and their sequences, work measurement, existing layouts, building drawings.

Preparation of various kinds of charts such as flow process charts, flow diagram, string diagram, templates etc.
Designing the production process.

Planning the material flow pattern and developing the overall materials handling plan.

Calculation of requirement of work centres and equipments.

Planning individual work centres.

Selection of materials handling equipments.

Determining storage requirements.

10 Planning of auxiliary and service facilities.

Plant Location; Plant location may be understood as the function of determining where the plant should be located for
maximum operating economy and effectiveness

STEPS IN LOCATION;

a.
b.

C.

Deciding on Domestic or International Location

Selection of Region; The following factors influence such selection:
Availability of Raw Materials

Nearness to the Market:

Availability of Power:

Transport Facilities:

Suitability of Climate:

Government Policy:

ANRNE N NENEN

Selection of a Community; Selecting a particular locality or community in a region is the third step in plant

location.

Availability of Labour:

Civic Amenities for Workers:

Existence of Complementary and Competing Industries :
Finance and Research Facilities:

Availability of Water and Fire-Fighting Facilities

Local Taxes and Restrictions:

Momentum of an Early Start:

Personal Factors :

DN N N N N RN

d. Selection of the Site

v’ Soil, Size and Topography:
v Disposal of Waste :
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Project Management;

Project is an organisational unit dedicated to the allotment of a goal, the successful completion of a development
product in time, within specified budget, in conformance with the pre-determined performance specifications. It is a set
of finite activities that are usually prepared only once and have well designed objectives, using a combination of human
and non-human resources within limits of time. It consists of a series of non-routine, interrelated activities.

Project Characteristics;
1. Projects have a purpose:
Source:
Focus
Lifespan:
Unique:
Unity in Diversity:
Flexibility
Team Spirit:
Risk and Uncertainty:

. Statement of Work (SOW): Project planning deals with specified tasks, operations or activities, which must be

performed to achieve project goals. A project starts with statement of work.

11. Implementation:

12. Task:

13. Work Package:

14. Subcontracting:

15. Project Life Cycle:

16. Feasibility Study: Feasibility study of the project is the most exhaustive of all the planning stage. The project is
systematically examined in depth at this stage for various aspects like technical, financial, economical,
commercial, social, managerial and organisational. The purpose of this study is to examine if the project
objectives are realistic, recommendation in preliminary study are technically sound; beneficial from financial,
economical, social point of view; feasibility from social, cultural, ecological view.

©ooNOUR~WN
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Phases in Project Life Cycle

The five main phases are as follows:
1. Conception phase 2. Definthion phase

Planning and orgarnising phase 4_Implementation phase

.(.-.:l

5. Project clean-up phase

Techniques for Project Management;

1. Project Selection Technique
> Cost benefit analysis
> Risk and sensitivity analysis
2. Project Execution Planning Techniques
> Work breakdown structure (WBS),
> Project execution plan (PEP),
> Project responsibility matrix, and
> Project management manual.
3. Project Scheduling and Co-ordinating Techniques
> Bar chart,
> Project life cycle,
> Line of balance (LOB), and
» Networking techniques (PERT/CPM).
4. Project Monitoring and Progressing Techniques
» Progress measurement technique,
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» Performance monitoring technique, and

» Updating, reviewing and reporting technique.
5. Project Cost and Productivity Control Techniques

» Productivity budgeting technique,

» Value engineering, and

» Cost calculation using WBS.
6. Project Communications and Clean-up Techniques

» Control Room, and

» Computerised information systems.

Roles and Attributes for Project Manager;
1. Projectising and problem solving.
Defining and maintaining integrity of a project.
Development of Project Execution Plan.
Setting of cost and time targets for each of the projects,
Development of systems and procedures for accomplishment of project objectives and targets.
Negotiation for commitments and Man-management.
Non-human resource management, including fiscal matters.

Noaprwd

Attributes of a good Project Manager are:
1. Planning and organisational skills.
Conflict resolving capacity.
Ambition for achievement.
Personnel management skills.
Communication skills.
Ability to solve problems in their totality.
High energy levels.
Ability to take suggestions.
Ability to develop alternative course of actions quickly.
10 Knowledge of project management methods, tools and technology.
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Project Planning; The process of project planning involves the following steps:
1. Defining the objectives and goals of the project.
Making forecasts for achieving the goals.
Identifying the various course of actions through available alternatives and assumptions.
Evaluating the available resources.
Evaluating and selecting the available course of action for achieving the desired objective under the resource
constraints.
Resource Planning; The resource-planning component includes the ability to plan and manage resources required to
deliver a project. This starts with selection of an agency and assignment of the project team and includes the
management of the resources assigned to that team.
Factors Influencing the Scheduling of Projects

ik wn

1. Changes
2. Uncertainties
3. Database

Gantt Chart; Gantt chart is one of the oldest techniques used for planning, scheduling and controlling of projects.
Gantt chart was developed by H.L. Gantt in 1917 and is in use till today. Gantt charts were used even before computer
came on the scene.

Gantt chart is a graphical representation of a series of activities drawn to a. time scale. Horizontal axis (X-axis)
represents time and vertical axis (Y-axis) shows the activities to be performed. The Gantt chart shows activities to
specific jobs at individual/work centers by horizontal bars. Also known as a ‘bar chart’ because of its graphic
presentation of the information, the position and the length of the horizontal bar indicate the start and completion date
of the activity.
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Human Resource Planning; “Human Resource Planning (HRP) is the process — including forecasting, developing,
implementing, and controlling — by which a firm ensures that it has the right number of people and right kind of people
doing things for which they are economically most suitable’.

Importance of Human Resource Planning;
1. Defining future personnel need:
2. Coping with Changes:
3. Providing Base for Developing Talents:
4. Increasing Investment in Human Resources:
5. Forcing Top Management to involve in HRM.

Human Resource Planning Process
1. Forecasting future manpower requirements,
2. Inventorying present manpower resources
3. Anticipating manpower problems by projecting present resources
4. Planning the necessary programmes of recruitment, selection, training, deployment, utilisation, transfer,
promotion, development, motivation and compensation.

Techniques for forecasting Human Resource needs;

1. Managerial judgement method; In this method managers prepare the forecast of human resource needs of
various categories for their own departments based on their past experiences

2. Delphitechnique

Work-study technique

4. Ratio-trend analysis; Under this method, the main emphasis is on the ratios between production/sales level and
direct operatives; ratios between direct operatives; and other personnel, say supervisory and managerial
personnel.

5. Statistical and mathematical model

w
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Studies at Work Place;

Work Study; Work study is a technique which is employed to ensure the best possible use of men, machine, materials
and energy in carrying out a specific activity. It deals with the techniques of method study and work measurement.

Work study is based on the principle that for every job, there is:
a. One best way of doing it.
b. A scientific method is the best and surest way of finding this best way.
c. The time taken for doing the job by the best way can be measured and set as standards. (Time Study)
Benefits of Work Study;
1. Increased productivity and operational efficiency.
Reduced manufacturing costs.
Improved work place layout.
Better manpower planning and capacity planning.
Fair wages to employees.
Better working conditions to employees.
Improved work flow.
Reduced material handling costs.
Provides a standard of performance to measure labour efficiency.
10. Basis for sound incentive scheme.
Other Terms;

1. Work Measurement The application of techniques designed to establish the time for a qualified worker to carry
out a specified job at a defined level of performance..
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2. Method Study or Methods Analysis or Operations Analysis; The systematic recording and critical examination of
existing and proposed ways of doing work as a means of developing and applying easier and more effective
methods and reducing costs.

3. Work Simplification; Involves improvements in work methods or work flow initiated and developed by workers
or supervisors on the job as a result of methods training and/or economic incentives.

4. Industrial Engineering; Concerned with the design, improvement and installation of integrated systems of men,
materials and equipments to improve productivity.
Method Study or Methods Analysis; Work methods analysis or method study is a scientific technique of observing,
recording and critically examining the present method of performing a task or job or operation with the aim of
improving the present method and developing a new and cheaper method.
Objectives of Method Study;
1. To study the existing proposed method of doing any job, operation or activity.
To develop an improved method to improve productivity and to reduce operating costs.
To reduce excessive material handling or movement and thereby reduce fatigue to workmen.
To improve utilization of resources.
To eliminate wasteful and inefficient motions.
6. To standardise work methods or processes, working conditions, machinery, equipments and tools.
Advantages of Method Study;
1. Work simplification
Improved working method (cheaper method)
Better product quality
Improved workplace layout
Improved equipment design
Better working conditions/environment
Better material handling and lesser material handling cost
Improved work flow
Less fatigue to operator
10 Shorter production cycle time
11. Reduced material consumption and wastages
12. Reduced manufacturing cost and higher productivity
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Factors Facilitating Method Study;
1. High operating cost
High wastage and scrap

Excessive production bottlenecks
Excessive rejections and rework
Complaints about quality

ONU A~ WN

Increasing number of accidents
9. Excessive use of overtime
Method Study Procedure;

Excessive movement of materials and workmen

Complaints about poor working condition

1. Select the work or job to be studied and define the objectives to be achieved by method study.

2. Record all the relevant facts or information’s pertaining to the existing method using the recording techniques

3. Examine the recorded facts critically challenging everything being clone and seeking alternatives, questioning
the purpose (What is achieved?), the means (How is it achieved?), sequence (When it is achieved?), place
(Where it is achieved?), and the person (Who achieves it?).

4. Develop the improved method by generating several alternatives and selecting the best method.

5. Install the improved (new) method in three phases, planning, arranging and implementing phases.

6. Maintain the new method by ensuring that the installed method is functioning well.

Recording Techniques Used in Method Study;

Fecording Technigue

| Information Recorded

{a) Clarts

1. Outline process chart

Principle operations
Processes.

and inspectiocn of the

2. Flow process chart

Activities of men material or equipment are
analyzed into five events wviz., operation
transport, inspection, delay and storage.

3. Two-handed process chart

Movements of two hands or limbs
operator.

of the

4=

. Multiple activity chart

Sinmltanecus/interrelated activities of operators
and/or machines on a common time scale.

3. Sinmltanecus Motion Cyele Chart (SIMO)

Movement of body members of the operator
expressed in terms of therblizs on a commen
time scale.

(b Diagrams and Models

1. Flow diagram

Path of men_ materials and equipments on a scale
model.

2. String diagram

Same as above except for the variatien that it
uses string to trace the path.

{c) Photagraphic aids

1. Cyclegraph

Movement of hand cbtained by exposing a
photographic plate to the light emitted from
small bulbs attached to the operator’s fingers.

2. Chrono-cyclegraphs

Modification of cyclegraph in which recording is
made using flash light.

(June 2015)
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Symbols used in Process Chart

Symbol | Activity Purpose for which it is used
) Indicates the main steps in a process, method of procedure.
i} Operation uvsually the part, material or product concerned which is
modified or changed during the operation.
—_— Transport Indicates movement of workers. material or equipment from
place to place.
I:l Inspection Indicates any type of inspection. check, measurement. visual
scrutiny for quality and/or quantity.
-, | Temporary Indicates a delay in the sequence of events.
o storage or delay
\/ Indicates a controlled storage in which material is received into
Storage or issued from stores under some form of authorization or an
item i3 retained for reference purposes.

Motion Study; It is defined as a systematic and critical study of existing method of doing a task with a view to evolve the
most efficient and economic method of doing it.

It is a method for setting up employee productivity standards in which:
> A complex job is broken down into small or simple steps.
» The sequence of movements taken by the employee in performing those steps is carefully observed to detect
and eliminate wasteful motion.
» Precise time taken for each correct movement is measured.

Motion Economy; Motion economy helps achieve productivity and reduce Cumulative Trauma at the workstation or
sub-micro level. The Principles of Motion Economy eliminate wastedmotion, ease operator tasks, reduce fatigue and
minimize cumulative trauma such as Carpal Tunnel and tendonitis.

Principles of Motion Economy; The rules of motion economy and efficiency which referred to hand motions of operators
were developed by Gilbreths. The principles of motion economy are divided into three groups, viz.,

a. Effective use of the operator

b. Arrangement of the workplace

c. Tools and equipment.
Work Measurement; Work measurement is defined as the application of techniques designed to establish the work
content of a specified task by determining the time required for carrying out the task at a defined standard of
performance by a qualified worker.
Benefits of Work Measurement; Work measurement helps;

1. To develop a basis for comparing alternate methods developed in method study by establishing the work

content in each method of doing the job.

2. To prepare realistic work schedules by accurate assessment of human work.

3. To assist in labour cost estimation.

4. To provide information related to estimation of tenders, fixation of selling price and assessment of delivery

schedule.

5. To compare actual time taken by the worker with the allowed time (standard time) for proper control of labour.
Techniques of Work Measurement; The main techniques used to measure work are:

1. Direct Time Study.
Synthesis Method.
Analytical Estimating.
Pre determined Motion Time System (PMTS).
Work Sampling or Activity Sampling or Ratio Delay Method.

vk wnN
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Important Work measurement technigues are as follows;
1. Time Study; Time study is concerned with the determination of the amount of time required to perform a unit of
work.

It consists of the process of observing and recording the time required to perform each element of an operation

so as to determine the reasonable time in which the work should be completed.

Time Study; Steps;
1. Select the Job to be Studied
2. Select the Worker to be Studied
3. Conducting Stop Watch Time Study
a. Obtain and record all information available about the job, operator and working conditions
b. Record the method of doing the job and break down the job into elements. An element is a distinct part
of a specified job selected for convenience of observation, measurement and analysis.
c. Examine the various elements to ensure that the most effective motions are used in the elements of job
performed.
d. Measure the actual time taken by the operator to perform each element of the job, using a stop watch.
A stop watch may be of the following types;

v" Non fly back; recording continuous timing.

v Fly back; the watch is started and stopped with the help of the slide.

v' Split hand; type of stop watch gives higher accuracy in reading when two elements are to be
timed successively. As one element is completed, pressing the winding knob makes one hand to
stop while the other hand keeps moving.

e. Assess the effective speed of working of the operator with respect to the time study observer’s concept
of the speed of working of the qualified worker who is assumed to have a standard rating.
Rating factor or levelling factor is determined by comparing the actual pace or speed of working (of the
worker studied) with the standard pace or speed of working (of the qualified worker).
f. Determination of normal or basic time:
Mormal or Basic time = Observed time = Rating factor
[(Ooserved rating)
(Standard rating)
g. Determine the relevant allowances: the time allowance to be given to the operator for relaxation,
fatigue, contingency etc. Usually these allowances are taken as a percentage of basic or normal time.
The various types of allowances are: (June 2015)

a. Relaxation allowance (RA): personal, fatigue on delay allowance (PFD allowance),

b. Contingency allowance (CA): This allowance is given for infrequent or non-repetitive activities such as
obtaining special materials from stores, sharpening of tools, getting a special tool from the tool stores, and
consultation with the supervisor. It is usually about 5% of normal or basic time.

C. Process allowance: Allowance given to the worker to compensate himself for enforced idleness due to the
nature of a process or operation; for e.g., working on automatic machine, electroplating etc., during which
the worker is forced to be idle during a part of the work cycle.

d. Special allowances:

Standard time = Normal time + all relevant allowances.
NT = CT (PR)

= Observed fime =

Where. PE. is the performance rating.

standard time formmla.

1
ST =NT (AF) where AF =

1- % Allowance

AF being the allowance factor.

MNormal time = Observed time * Performance level of worker

Standard performance level
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2. Synthesis Method; Synthesis is a technique of work measurement for building up the time required to do a job
at a defined level of performance by synthesising or totalling elemental time values obtained from previous time
studies on other jobs containing similar job elements or from standard data or synthetic data or built-up time
standards.

Applications of Synthesis Method;
a. To estimate standard time for new jobs.
b. To estimate production time for determining the prices of products to be sold.
C. Used as a basis for designing incentive schemes.

3. Analytical Estimating; This technique of work measurement is used to determine the lime values for jobs having

long and non-repetitive operations
Applications of Analytical Estimating Technique
a. For non-repetitive jobs, jobs having long cycle times and jobs having elements of variable nature. For such
jobs stop watch time study proves to be uneconomical.
b. For repair and maintenance work, job production, one time large projects, offer routines, tool room jobs and
engineering construction works.

4. Predetermined Motion Time System (PMTS); Predetermined motion time system is defined as a work
measurement technique by which normal or basic times are established for basic human motions and these
time values are used to build up the time for a job at a defined level of performance.

5. Work Sampling or Activity Sampling or Ratio-Delay Method; Work sampling is a work measurement technique
that randomly samples the work of one or more employees at periodic intervals to determine the proportion of
total operations that is accounted for in one particular activity.

Uses of Work Sampling Technique;
1. To estimate the percentage of a protracted time period consumed by various activity states of a resource such
as equipment, machines or operators.
To determine the allowances for inclusion in standard times.
To indicate the nature of the distribution of work activities within a gang operation.
To estimate the percentage of utilization of groups of similar machines or equipment.
To indicate how materials handling equipments are being used.
To provide a basis for indirect labour time standards.
7. To determine the productive and nonproductive utilization of clerical operations.
Steps in Work Sampling;
1. Determine the objective of the study, including definitions of the states of activity to be observed.
2. Plan the sampling procedure including:
a. An estimate of the percentage of time being devoted to each phase of the activity.
b. The setting of accuracy limits.
c. An estimation of the number of observations required.
d. The selection of the length of the study period and the programming of the number of readings over this
period.
e. The establishment of the mechanics of making the observations, the route to follow and the recording of
data.

3. Collect the data as planned.

4. Process the data and present the results.

Principles Involved in Work Sampling; If we assume that C is a constant corresponding to confidence level, then values of
C will be 1 for 68.3% confidence level, C=2 for 95.45% (or 95%) confidence level and C=3 for 99% confidence level. Then
the number of observation needed for the work sampling study to get the result within an absolute error of

ounkwn

p = percentage or true proportion of activity or idling which iz being observed based on pilot study

5 = relative emror of the true proportion “p’
¢ = contact having values of 1, 2 and 3. coresponding to the confidence level of 88.3%, 5% and 99%
respectively.
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“Just-in-Time System”

> JIT was invented by Taiichi Ohno of Toyota

> Just-In-Time is defined as “the production of the minimum number of different units, in the smallest possible
guantities, at the latest possible time, thereby eliminating the need for inventory”

> JIT is an operational philosophy which incorporates an improved inventory control system in conjunction with
other systems

> The primary elements of JIT are to have only the required inventory when needed, to improve quality to zero
defects, to reduce lead times by reducing set-up times, queue lengths and lot sizes, to incrementally revise the
operations themselves and to accomplish these things at minimum cost.

JIT means

v" Producing the quantity of units that is needed, no more, no less.
v" Producing them on the date and at the time required, not before and not after.
v That a supplier delivers the exact quantity demanded, at the scheduled time and date.

Just-in-time Philosophy; JIT is a philosophy of continuous and forced problem solving. With JIT, supplies and
components are “pulled” through a system to arrive where they are needed and when they are needed.

Concepts of JIT; The three fundamental concepts of JIT are :

Elimination of waste and variability;

a. Waste Reduction; ‘Anything that does not add value is described as waste in the production of goods or
services. Moreover, any activity that does not add value to a product from the customer’s perspective is
waste. JIT speeds throughput, allowing faster delivery times and reducing work-in-process. Reduced work-
in-process releases capital tied up in inventory for other more productive purposes

b. Variability Reduction; Variability is any deviation from the optimum process that delivers perfect product on
time, every time. Inventory hides variability or in other words problem The less variability in a system, the
less waste in the system. Most of the variability is caused by tolerating waste or by poor management. To
achieve just-in-time material movement, it is necessary that variability caused by both internal and external
factors are reduced.

Reasons for occurrence of variability are:
> Employees, machines and suppliers, produce units that do not conform to standards, are late or are
not the proper quantity.
» Engineering drawings or specifications are inaccurate.
» Production personnel try to produce before drawings or specifications are complete.
» Customer demands are unknown.

The JIT philosophy of continuous improvement removes variability, which allows movement of good materials

just-in-time for use. JIT reduces materials throughout the supply chain.

“Pull” versus “Push” system; Pull System is a concept that results in material being produced or supplied only

when requested and moved to where it is needed just as it is needed. By pulling material through the system in

very small lots, just as it is needed, the cushion of inventory that hides problems is removed, problems become
evident and continuous improvement is emphasized.

Push system is a system that pushes materials into downstream workstations, regardless of their timeliness
availability of resources to perform the work. Push systems are the antithesis of JIT.

Manufacturing cycle time (or “throughput” time); Manufacturing cycle time is the time between the arrival of

raw materials and the shipping of finished products. JIT helps in reducing the manufacturing cycle time.

Romantic JIT and Pragmatic JIT; These are the two views of JIT;

a.

Romantic JIT consist of various slogans and idealistic goals such as lot sizes of one, zero inventories and zero
defects.

Pragmatic JIT on the other hand consist of a set of techniques, some fairly technical, that relate to machine
changeovers, lay-out design, product simplification, quality training, equipment maintenance and so on.
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Lean Production; Lean production is an assembly-line methodology developed originally for Toyota. Lean production
principles are also referred to as lean management or lean thinking. It focuses on eliminating waste and empowering
workers, reduced inventory and improved productivity

Little JIT and Big JIT;

Little JIT is a form of production scheduling and inventory management whereby products are produced only to meet
actual demand, and materials for each stage of production are received or produced “justin- time” for use in the next
stage of production or for delivery to a customer. This limited definition of JIT has been called Little JIT.

Big JIT (Lean Production) is the philosophy of operations management that seeks to eliminate waste in all aspects of a
firm’s production activities : human relations, vendor relations, technology and the management of materials and
inventories.

Objectives of JIT Manufacturing; JIT tries to build only what internal and external customers want and when they want it.
The more focussed objectives of JIT are:

Produce only the products (goods or services) that customers want.

Produce products only as quickly as customers want to use them.

Produce products with perfect quality.

Produce in the minimum possible lead times.

Produce products with features that customers want and no others.

Produce with no waste of labour, materials or equipment; designate a purpose for every movement to leave
zero idle inventory.

g. Produce with methods that reinforce the occupational development of workers.

S oo0 T o

Overview of JIT manufacturing; JIT manufacturing includes many activities
l. Inventory reduction :
1. Quality improvement
Il Lead time reduction; With JIT, lead time components such as set-up and move times are significantly reduced.
V. Vendor control/Performance improvement
V.  Continuous Improvement: In the JIT system, existing problems are corrected and new problems identified in a
never-ending: approach to operations management.
VI.  Total Preventive Maintenance;
VII. Strategic Gain; JIT provides the firm’s management with a means of developing, implementing and maintaining a
sustainable competitive advantage in the market place.

Pre-requisites for JIT Manufacturing; Before implementing the JIT system, certain changes to the factory and the way it
is managed must occur before the benefits of JIT can be realised. These changes are:

Stabilise production schedules.

Make the factories focussed.

Increase production characteristics of manufacturing work centres.

Improve product quality.

Cross-train workers so that they are multi-skilled and competent in several jobs.

Reduce equipment break downs through preventive maintenance.

Develop long-term supplier relationships that avoid interruptions in material flows.

VVVVYYVY
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Characteristics of Just-in-Time System; JIT systems focus on reducing inefficiency and unproductive time in the
production process to improve continuously the process and quality of the product or service. An outline of the salient
characteristics of JIT are:

a)
b)
c)
d)

pull method of material flow

constantly high quality

small lot sizes

uniform workstation loads

standardised components and work methods
close supplier ties

flexible workforce

line flow strategy

automated production and

preventive maintenance.

Elements of a JIT Manufacturing System; The important elements or components of a JIT manufacturing system are:

VVVYVYVYYVY

Eliminating waste

Enforced problem solving
Continuous improvement
Involvement of people

Total quality management and
Parallel processing.

JIT Purchasing; The essentials of JIT purchasing are:

v
v

v

Supplier development and supplier relation undergo fundamental changes.

Purchasing departments develop long term relationships with few suppliers rather-than a short term
relationship with many suppliers.

Suppliers are encouraged to extend JIT methods to their own suppliers.

Suppliers are ordinarily located near the buying firm’s factory or clustered together at some distance which will
keep the lead times shorter and more reliable.

Shipments are delivered directly to the customer’s production line usually through transportation vehicles
owned by suppliers.

Parts are delivered in small, standard size containers with a minimum of paperwork and in exact quantities.
Delivered material is of near-perfect quality.
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Productivity Management and Total Quality Management;

Productivity; Productivity is achieving the highest results possible while consuming the least amount of resources.

The term productivity can be defined in two ways. In simple terms, productivity is defined as a ratio between the output
and input.

Cutput cbtained

Inputs consumed

In a broader sense, productivity is defined as a measure of how well resources are brought together in organizations and
utilized for accomplishing a set of results.

Productivity =

. Performance achieved Efectiveness
Productivity = =

Resources consumed Efficiency

» Accordingly performance refers to the “effectiveness” in reaching in mission or planned achievement or a
needed value without serious regard to the costs incurred in the process.

> Efficiency refers to how well these resources are brought together for achieving results with minimum costs.

Target achieved

Target achievable

» Organizational effectiveness means the degree or the extent to which the targets of an organization are

achieved.
Kinds of Productivity;

1. Partial Productivity; This measures productivity of one factor or input, keeping other factors or inputs constant
or unchanged. These measure the change in output with respect to labour and capital, one at a time
respectively, keeping in other constant.

2. Total Productivity: Here, productivity is calculated with respect to the total cost or the total finances committed,
instead of one input, as given below:

Effectiveneass =

Vaolue added  WValue of gross culpul

Productivity = - —
Total factor cost Totalvalue of inputs.

The total factor productivity (TFP) is @ measure of the overall changes in production efficiency.

Measuring Productivity; Good productivity measure should possess the following properties;

a. Validity: it reflects accurately the changes in productivity.

b. Completness: It takes into consideration all components of both the output and the input for a given
productivity ratio.
Comparability: It enables the accurate measurement of a productivity change between periods.
Inclusiveness: It takes into account and measures separately all activities.
Timeliness: It ensures that data is provided soon enough for managerial action to be taken when problems arise.
Cost effectiveness: It obtains measurement in a manner that will cause the least interruption possible to the
ongoing productive efforts of the firm.

-~ oD a0

Models of Productivity Measurement —These models can be classified into three.(Dec 2013)
a. Ratio method;
i The definition of output; Output has been defined in more than one way.
v' Gross or total output
v Net output or value added
ii. One input partial productivity measure; and (Partial Productivity)
iii. Many input total productivity measure. (Total Productivity)
b. Production Function Method;
Performance — Objective — Productivity (P-O-P) Approach; Sardana and Vrat (1984) have used the P-O-P
approach. According to this;

. Performance in m activities over n functional sub-system
Productivity Index =

performance objectives in m activities over n functional sub-system
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Need for Productivity Improvement; In business, improved productivity may lead to:
1. Better consumer service through lowering of prices;
Increased cash flows, improved return on assets, and greater profits;
Increased profits that would enhance stock price substantially;

Greater investment in R/D and development of new products; and

2
3
4. Increased profits that would lead to expansion of capacity and creation of new jobs;
5
6

Better living standards. “Economists do not agree on many things, but all agree that improved living standards

are dependent absolutely on increasing productivity.”

Factors Affecting Productivity; The factors affecting productive efficiency are listed below along with corresponding

productivity tools.

Productivity factors

Top management planning
Management and supervision
Co-ordination and cooperation

Internal communications

Internal communications

Product selection

Product gualiy

Praduct programme
Product design
Product packaging

Plant capacity
Plant location
Plant building
FPlant eguipment

Plant installation

Selection
Ermployment
Training

Safety

Wage payment

Manufacturing
Aszembly
Sales

Distribution

Plant/Crganisation

Productivity tools

Plant policy

Organisation chart
COrganisation manual

Hurnan relations studies

Joint consultation

Mutual trust and co-operatfion

Maonagement reports, Management audit.

Products

Operation research
Product planning
Statistical quality control
Product research
Specialisation
Standardization

Simplification

Physical Facilities

Flant labour technigues
Mechansation
Automation

Human engineenng

Preventive maintenance

Fersonnel

Job analysis

Jok evaluation

Merit rating
Accelerated training

Works measurement

Production

Budgeting
Production-engineering
Production planning
Predetermined Motion Standard
Materials control

Materals handling

Work simplification

Activity sampling
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Kaizen;

KAIZEN is Japanese word made up of KAl and ZEN. KAl means change and ZEN means better. Thus KAIZEN means change
for the better. It implies continuous improvement done consistently. KAIZEN diagnoses the major root causes of
inefficient working in the organisation and offers a systematic approach to change the attitudes of people for increasing
productivity, improving quality and thus leading to miraculous organizational change. The essence of
KAIZEN is simple and straight forward, i.e. “on going improvement involving everyone including both managers and
workers”. KAIZEN signifies productivity improvement made in the status-quo as a result of on-going efforts.

The KAIZEN simply means improvements, on-going improvements involving every one in the organisation from
door-man to the chairman.

Motivational implications of KAIZEN Technique Implementation; (Jan 2016)The KAIZEN gives freedom to the
employees. It does not specify what changes are to be made or how many of them are to be made. Improvements can
be in any discipline and in any field of human activity related to the productivity. These decisions are left to the
individuals. This leads to obvious advantages as follows; (Dec 2013)

a. The first and foremost benefit of KAIZEN is that it brings about changes in attitude among employees towards
improvements of their routine work. Hence it increase the productivity and a new work culture is created in the
organisation.

b. Once the culture is transformed, the way gets cleared for introducing other productivity improvement systems
like JIT, KANBAN etc. obviously leading to productivity improvement.

c. KAIZEN system reduces resistance to change.

d. Ownership of work improves in KAIZEN environment. It is the inner voice of the employees that drives them to
make the improvements, rather than the orders given down through the hierarchy.

Role of Information Technology in Production/Operations Management; Information technology is crucial to
operations everywhere along the supply chain and to every functional area. Computer based information technology, in
particular, has greatly influenced how operations are managed and how offices work. It makes cross-functional
coordination easier and links a firm’s basic processes. In a manufacturing plant, information technologies can link people
with the work centres, data bases and computers.
Components of Information Technology; Information technology is made up of four sub-technologies.

1. Hardware

2. Software

3. Database and

4. Telecommunications
Technology Fusion; Technology fusion refers to the process of combining several current technologies and scientific
knowledge to create a hybrid technology. Adding one technology to another results in synergic effects. For example, in
machine tool industry NC, CNC machines are the result of fusion of electronics and mechanical technologies.

Technology Choice; The choice of technology should not only consider net present value of the investment made but
also the effects on customers, employees and the environment. When technological alternatives are evaluated, they
should be considered with respect to the do-nothing alternative.

Technology Integration; concurrent engineering to bridge the gap between R & D, product development and
manufacturing. This approach is referred to as “technological integration”

Technology and Cost Minimisation; Technology has a great impact on cost minimization. Improvement of technology
leads to hi-tech production facility which helps in mass production, that results in economies of scale. Technology also
improves the quality of input and it results in flawless production. It also reduces the cost of error detection and
rectification to a large extent. Improved technology brings automation and reduces the requirement of excess
manpower, hence results in low cost of production. Automation speeds up production and results in increase of scale of
production in a given period. Updated and newer technology also helps an organization by minimising the supply and
distribution expenses. On the other hand improved and unique technology helps in creation of core competency. A
better technological approach thus supports in many ways to achieve cost minimization.
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Quality Circles;

Definition; According to the Union of Japanese Scientists and Engineers (JUSE) “Quality Circle is a small group formed to
perform voluntarily QC activities leading to self development within the work place”.

Quality circle is a small group of employees who voluntarily meet together regularly to identify, analyse and solve the
work related problems (Quality, wastage, productivity, housekeeping, safety, communications etc.)

Objectives; Quality circles adoption leads to benefits (A) Individual and (B) Organizational.

A. Benefits for the Individual;
i Personality Development.
ii. Mutual Development.
iii. Job Satisfaction.

iv. Problem Solving Capability.

V. Togetherness

Vi. Better Human Relationship.

vii. Exchange of Good Thoughts.

viii.  Orating Capability (Stage openings).

B. Benefits for an Organization;
i Improves Productivity.
ii. Improves Quality of Product.
iii. Reduces Wastage.

iv. Increases Employee Motivation.

V. Inspires more Effective Team Work.

Vi. Develops harmonious Superior-Subordinate Relationship.

Vii. Improves communication within Organizations.

viii. Develops a complete coherent problem Solving Environment.

Structure of QC; The success of a QC mainly depends upon the structure and the main feature of a QC principle lies in
that form top management to a small worker are tied up. The following basic elements constitute the structure of a QC:
i Top Management.
ii. Steering Committee.
iii. Co-ordinating Agency;

iv. Facilitates;
V. Leaders/Deputy Leaders;
vi. Members.

Quality Circle Technique;

1. Team is necessary for QC to adopt following technique in order to smooth working of QC.

2. Pareto Principle; According to Pareto, the important cause are always quite less in number QC focuses it’s
attention on these less but important problems. According to this principle if 80% of accidents are occurring in
20% of factory then 20% factories are having unsafe working procedures.

Collection of Data

Analysis of Problem

Problem Selection and Solution
Presentation to Management
Code of Conduct.

N o g

Total Quality Management;

What is Quality?
v Conformance to specifications;
v Conformance to requirements;
v" What the customer thinks it is;
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Measure of the conformance of the product/service to the customer’s needs;
Combination of aesthetics, features and design;

Value for money;

The ability of a product to meet customer’s needs;

AN

Eight Dimensions of Product Quality;

1. Performance 2. Features 3. Reliability 4. Serviceability 5. Aesthetics (appearance) 4. Durability 7.
Customer service 8. Safety

Ten Dimensions of Service Quality

1. Reliabilty 2. Responsiveness 3. Competence 4. Access 5. Courtesy 4. Communication 7. Credibility 8.
Understanding 9. Securnty/Safety 10. Tangibles.

Benefits of Quality

1. Gives positive company image. 2. Improves competitive ability.
3. Increases market share and net profits. 4. Reduces costs.
3.  FReduces product liability problems. & Improves emplovees morale.

7. Improves productivity.

Perceived Quality: “An assessment of quality based on the reputation of the firm.” Customers base their assessment of
quality on such factors as advertisements, media reports, reputations and past experience to indicate perceived quality.
Three levels of Guality

1.  Crganisation level Meeting external customer requirements
2. Process leve Meeting the needs of intermal customers

3.  Performer level (job level or task design level]  Meeting the requirements of accuracy,
completeness innovation, imeliness and cost.
Quality Control; Quality control begins with product design and includes materials, bought-out items, manufacturing
processes and finished goods at the hands of customers. Quality control aims at prevention of defects rather than
detection of defects (by inspection) Objectives of quality control is to provide products/services which are dependable,
satisfactory and economical.

What is Quality Control?
1. Setting quality standards (objectives or targets)
2. Appraisal of conformance (quality measurement)
3. Taking corrective actions to reduce deviations
4. Planning for quality improvement

Quality & Reliability; Reliability is the probability of performing without failure, a specified function under given
conditions for a specified period of time.

Company-Wide Quality Control (CWQC) : System of activities that assume that quality products and services required
by customers are economically designed, produced, and supplied involving all departments of an organization.

Quality Assurance : All activities required to ensure that the product performs to the customers’ satisfaction.
Quality Improvement: Finding ways to do better than standard and breaking-through to unprecedented levels of

performance. It is the responsibility of those who produce the products and not of inspectors, (i.e., quality at the
source).
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Principles of Total Quality; (Dec 2013)
» Focus on the customer (Both internal & external)
> Participation and team work
> Employee involvement and empowerment
> Continuous improvement and learning.

Total Quality Control; It is an effective system for integrating quality development, quality maintenance and quality

improvement efforts of various groups in an organisations.

Principles of Total Quality Control (TQC); (June 2015)
1.

2. Quality control training for everyon;

3. Quality at product/service design stage;

4. Quality materials from suppliers;

5. Quality control in production (SQC);

6. Quality-control in distribution, installation and usg;
Act

Top management policies - Zero defects, continuous improvement etc;

. Appraise, Award
& Appreciate
* Change Process

Flan Approach

. Perpective

. Data to get

. Expenment to run

(Then GO TO )

Act Plan
vV I

Check
I

DO
Il

Check Results

+  Analyse Data
* Evaluate Expenment
* Coaching & Counselling

Plan

Approach
Zather Data
Run expernment
Demonstrating

Deploying
: The deming cycle.
Deming Wheel/Deming Cycle/P-D-C-A Cycle
P - Plan |process) the improvement
o - Do Implement the plan
Z - Check - Check how closely result meets goals
A - Act - Use the improved process as standard practice
n‘*eﬁ@ﬂ
e

en&i@
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Deming’s Triangle (3 Axioms)

Axiom 1 - Commitment (Olbsession with quality]
Axiom 2 - [Scientific Knowledge & Method)
Axiom 2 © Involvement [Allin one feam)

Deming Prize : Awarded by the union of Japanese Scientists and Engineers [JUSE] to a firm or its division

based on the distinctive performance improvements achieved through the application of Company Wide
Quality Control (CWQC]).

Axiom 1
Commitment
(Obsession with quality)

Axiom 3 Axiom 2
Involvement (Scienfific
(Allin one team) knowledge and

Method)

Cost of Quality;

1. Prevention costs: Costs of quality planning, new product review, training, process planning, quality data and

improvement projects.

2. Appraisal costs: Costs of incoming inspection, process inspection, finished goods inspection, quality laboratories

and calibration of instruments.

3. Internal failure costs: Costs of scrap, rework, down grading (seconds quality products) retest, downtime.
4. External failure costs: Costs of warranty, returned goods, customer complaints, allowances to customers for

substandard quality products.

Costs of quality can be reduced by revising the production system including technology, management, attitudes and

training.

Guality Triclogy

(il Quality planning, (i) Quality contrel and  [iii}) Quality improvement.
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Total Quality Management;

Meaning; Total Quality Management (TQM) consists of organization-wide efforts to install and make permanent
a climate in which an organization continuously improves its ability to deliver high-quality products and services to
customers. TQM improves productivity and competitive advantage.

TQM is a vision based, customer focused, prevention oriented, continuously improvement strategy based on
scientific approach adopted by cost conscious people committed to satisfy the customers first time every time. It aims at
Managing an organization so that it excels in areas important to the customer.

The elements of TGM are:

Total CGuglity involves everyone and all activities in the company (Mobilizing the whole
organization to achieve quality continuously and economically)
Quality Understanding and meeting the customers’ requirerments. [Satisfying the customers

first time every fime)

Mamagement | GQualify can and must be managed [Avecid defects rather than comrect them)

nvclvement of all at
every level

Employes's cn.:'r'-r'i-me i — Cor‘_’rinucus efforts fior
and altitude rmprovemernt

Use of management and
statstical tools

Elements of Total Guality Management

Basic Approach; TQM requires six basic concepts;

1. A committed and involved management to provide long-term top-to-bottom organizational support.
An unwavering focus on the customer, both internally and externally.
Effective involvement and utilization of the entire work force.
Continuous improvement of the business and production process.
Treating suppliers as partners.
Establish performance measures for the processes.

ounkwnN

THE FIVE PRINCIPLES OF TGM
Focus on Customer

Do it fogether Do it right

Measure and Communicate
Record and educate

Principles of Total Guality Management
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BENEFITS OF A TGM PROGRAM

l

: : *

To the Customer To the Company To the Staff
—* Fewer problem with the — Quality improves Empowerment
product/service —# Motivales staff More fraining more
—# Increase productivity skills.

— Better customer care

—» Greater satisfaction —» Reduces costs More recognition.

—» Reduces defects

—* Resolves problem faster

4 Make company a leader

— Makes team work among
staff

¢ Makes company customer
focused.

—* Reduces resistance to
change

- Benefits of Total Quality Management

Six Sigma;

Six Sigma at many organizations simply means a measure of quality that strives for near perfection. Six Sigma is a
disciplined, data-driven approach and methodology for eliminating defects (driving toward six standard deviations
between the mean and the nearest specification limit) in any process — from manufacturing to transactional and from
product to service.

v A Six Sigma defect is defined as anything outside of customer specifications

v To achieve Six Sigma, a process must not produce more than 3.4 defects per million opportunities.

Four Phase Approach; Six Sigma will follow a four phase approach:
1. Measure - Determine the error or defect rate
2. Analyze - Understand the Process
3. Improve - Reach for a higher Sigma
4. Control - Monitor through measurement

Six Sigma projects follow two project methodologies inspired by Deming’s Plan-Do-Check-Act Cycle. These
methodologies, composed of five phases each, bear the acronyms DMAIC and DMADV.

One key innovation of Six Sigma involves the “professionalizing” of quality management functions. Formal Six Sigma
programs adopt a ranking terminology (similar to some martial arts systems) to define a hierarchy (and career path) that
cuts across all business functions.
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Benchmarking;

Benchmark: A measure, “best-in-class” achievement; a reference or measurement standard for comparison;

Benchmarking:

Meaning: Benchmarking is the continuous process of measuring products, services or activities against the best levels of
performance that may be found either inside or outside the organization. It is a process of comparing a firm’s activities
with best practices.

Benefits of Benchmarking;

>
>

>

>
>
>

Benchmarking is particularly helpful in validating proposals for change.

Benchmarking of ten results in creative imitation and the adoption of new practices that overcome previous
industiy barriers.

This search for diversity and for innovative breakthroughs applied elsewhere is at the core of benchmarking
benefits.

By sharing information, all parties benefits, because it is difficult to excel in all activites.

Sharing information and data is often the first hurdle to be overcome in the Benchmarking process.

If the search for “Best”, or just “Better” practices is performed correctly, then the likelihood of successful
outcomes is quite high.

Eight Most Common Benchmarking Errors; (Dec 2014 — 8 Mark)

1.

NoupkwnN

8.

Lack of Self-Knowledge,

Selective

Benchmarking projects are broad instead of focused.
Benchmarking produces reports, not action.
Benchmarking is not continuous.

Looking at the numbers,

Participants are not motivated.

Too much data.

Common Pitfalls in Benchmarking

Lack of management commitment and involverment.

Mot applied to crtical areas first

Inadequate resources.

Mo line organisation involvernent.

Too many subjects ; scope not well defined.

Too many perdformance measures.

Crtical success factors and performance drivers not understood or identified.

Fotential partners ignored : Internal organisations, Industry leaders, or frendly competitors.

Poorly designed Questionnaires,

Inapproprnate data : Inconsistent data.

Eight Benchmarking Process; (Dec 2015)

Planning: 1. Select Benchmarking subject aond appropriate team

Integration

Action :

2. ldentify performance indicators and Drivers
jelect Benchmark partners

Determine data collection method and collect data

Communicate Findings and identify projects to close gaps

Implement plans and monitor results |

3
4
Analysis 5. Analyse performance gaps.
&
7
8

Recalibrate benchmarks.
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Relationship between R&D Inputs and Output (Dec 2013)

Some important vanables detemining B & D efforts and its success have been

identified as follows:

il The size of the operation has been found to be positively related to the success of
R &D.

(il The presence of technological cpportunities in the industry leads to betterR & D
efforts.

() The philosophy and genuine effords of the management are necessary for
successful B & D efforts.

(iv) The contibution of individual researchers to B & D haos been found to be quite
substantial.

v) R & D efforts are lkely to be more effective where growth prospects are good and
profits are likely to be high.

(vi) Diverification iz posifively related to the R & D efforts, as there is scope of their
utilization.

(vil) A number of studies have suggested a strong relationship between B & D and the
marketing opportunities for a new product. Market opportunities have been found
to contnbute three fimes more than techrical opportunities as sources for
innovations.

Implementation of 1ISO- 9000; (June 2014)
1. Senior Management Commitment.

Appoint the Management Representative.
Awareness
Appoint an Implementation Team.
Training
Time Schedule.
Select Element Owners.
Review the Present System.
Write the Documents.

. Install the New System.

. Internal Audit.

. Management Review.

. Pre-assessment

. Registration

LWoONOURWN
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Four generic components of Technology Innovation; (Dec 2014)

1. Basic research is research for the advancement of scientific knowledge that has no specific commercial uses.

Basic research may, however, be in the field of present or potential interest to the company.

2. Applied research is research for the advancement of scientific knowledge that has specific potential commercial

uses.

3. Development is technical activity concerned with translating basic or applied research results into products or

processes.

4. Implementation is activity concerned with designing and building pilot models, equipment, and facilities, and

initiating the marketing channels for products or services emerging from research and development.
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Maintenance and Spares Management;

Maintenance is defined as “that function of production management that is concerned with the day to- day problem of
keeping the physical plant in good operating condition.

Maintenance Management; It is a function supporting production function and is entrusted with the task of keeping the
machinery/equipment and plant services in proper working condition. It also involves maintenance planning,
maintenance scheduling, execution of maintenance activities (repair, breakdown and preventive maintenance) and also
controlling costs of maintenance.

Scope of Maintenance;
a. Primary Functions;
i. Maintenance of existing plant and equipments.
ii. Maintenance of existing plant buildings and grounds.
iii. Equipment inspection and lubrication.

iv. Utilities generation and distribution.
V. Alterations to existing equipments and buildings,
vi. New installations of equipments and buildings.

b. Secondary Functions;
i Storekeeping (keeping stock of spare parts)
ii. Plant protection including fire protection.
iii. Waste disposal.

iv. Salvage

V. Insurance administration (against fire, theft, etc.).
vi. Janitorial services.

vii. Property accounting

viii. Pollution and noise abatement or control.

Objectives of Maintenance Management;
1. Minimizing the loss of productive time because of equipment failure
Minimizing the repair time and repair cost.
Minimizing the loss due to production stoppages.
Efficient use of maintenance personnel and equipments.
Prolonging the life of capital assets by minimizing the rate of wear and tear.
To keep all productive assets in good working condition.
To minimize accidents through regular inspection and repair of safety devices.
8. To improve the quality of products and to improve productivity.
Areas of Maintenance;
1. Civil Maintenance; Building construction and maintenance
2. Mechanical Maintenance; Maintaining machines and equipments
3. Electrical Maintenance; Maintaining electrical equipments
Types of Maintenance;
i Breakdown maintenance or corrective maintenance; occurs when there is a work stoppage because of
machine breakdown. Corrective maintenance seeks to achieve the following objectives;
a. To get equipment back into operation as quickly
b. To control the cost of repair crews, including regular time and overtime labour costs.
c. To control the cost of the operation of repair shops.
ii. Preventive maintenance; aims to minimise the possibility of unanticipated production interruptions. It
consists of;
a. Proper design and installation of equipment,
b. Periodic inspection of plant and equipment to prevent break downs before they occur,
c. Repetitive servicing, upkeep and overhaul of equipment, and
d. Adequate lubrication, cleaning and painting of buildings and equipment.
iii. Predictive maintenance; In this, sensitive instruments (e.g., vibration analysers, amplitude meters, audio
gauges, optical tooling, pressure, temperature and resistance gauges) are used to predict trouble

NowukswnN
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iv. Routine maintenance,; periodic ; Routine maintenance may be classified as :
a. Running maintenance
b. Shut down maintenance; equipment is out of service

V. Planned maintenance; predetermined schedule;

Requirement of a Good Preventive Maintenance Program;
1. Good supervision and administration of maintenance department.
A good lubrication schedule.
Consultation with production department personnel before fixing priority schedules for maintenance work.
Clear, correct and detailed instruction to maintenance crew regarding maintenance work.
Adequate stock of spare parts recommended by equipment manufacturers.
Proper training for maintenance crew.
Adequate space around the machine for ease of maintenance work.
Data regarding failure of machines and the corrective maintenance work carried out earlier.

ONU A~ WN

Steps in Preventive Maintenance Programme; ;
1. Job identification or preparing facility register
Preparation of preventive maintenance schedule
Preparation of history card
Preparation of job specification
Preparation of preventive maintenance program
Preparation of preventive maintenance schedule (weekly or monthly):
Preparation of inspection report:
Preparation of maintenance report
9. Feed back mechanism
Advantages of Preventive Maintenance;
a. Increase in life of machines and equipments by reduction of wear and tear.
Reduction in frequency of breakdowns.
Improvement in productivity due to lesser machine down-time and consequent loss of production.
High reliability of production system due to lesser breakdown and repairs.
Higher worker safety while using the plant and equipment.
Planned shutdowns and start-ups of plant and equipment possible.
Lesser rejection and better quality control.
Less serious consequences of breakdowns and lesser breakdown maintenance costs.
Limitations of Preventive Maintenance;
a. More expensive in the short term and during the initial stages of introduction of preventive maintenance
programme.
b. Inspection of plant, equipment and machinery will have to be carefully planned and implemented and improved
over a period of time.

PN~ WN
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Total Productive Maintenance; TPM aims at “Zero breakdown” or “Zero down time”.

Total Productive Maintenance (TPM) is an approach which brings the concept of total quality management in
the practice of preventive maintenance. It involves the concept of reducing variability through employee involvement
and excellent maintenance records.

Total productive maintenance is a method designed to eliminate the losses caused by breakdown of machines
and equipments by identifying and attacking all causes of equipment breakdowns and system down-time

Specific actions of TPM require the following :
a. restoring equipment to a like-new condition,
having operators involved in the maintenance of the equipment or machine,
improving maintenance efficiency and effectiveness,
training the labour force to improve their job skills,
the effective use of preventive and predictive maintenance technology.

® oo T
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Total in “Total Production Maintenance” means
a. Total employee involvement,
b. Total equipment effectiveness (i.e., Zero breakdown) and

c. Total maintenance delivery system.
Guiding Principles of TPM Programs;

l. Maximise equipment effectiveness by reducing down time to zero
1. Establish a thorough system of preventive maintenance for entire life span of equipment from design and

acquisition to disposal.

M. Implement maintenance program in all organizational areas such as engineering, operation, facility management
and maintenance, to spread TPM through the system.

V. Involve every single member of the organisation from top managers to workers on the shop floor.

V.  Assign responsibility for preventive maintenance to small, autonomous groups of employees rather than

managers.

Total productive maintenance is also known as total preventive maintenance which includes three main elements;
a. Regular preventive maintenance including house-keeping,
b. Periodic pre-failure replacement or overhauls, and
c. Intolerance for breakdowns or unsafe conditions.
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Forecasting;

Forecasting is important to production and operations management in a number of decisions; to make an annual plan of
production/ operations, to make a weekly or daily schedule of production or service operations, to procure or
manufacture the raw materials or components and to plan the manpower, requirement amongst various other things.
Forecasting, which involves a study of the present and past date with a view to estimate the future activities, forms the
basis of planning.

Principles of Forecasting;
i Forecasts are rarely perfect
ii. Forecasts are more accurate for grouped data than for individual items
iii. Forecast are more accurate for shorter than longer time periods

Steps in the Forecasting Process;

a. Determine the purpose of the forecast.

b. Establish a time horizon. The forecast must indicate a time interval, keeping in mind that accuracy decreases as
the time horizon increases.

c. Obtain, clean, and analyze appropriate data; Obtaining the data can involve significant effort. Once obtained,
the data may need to be “cleaned” to get rid of outliers and obviously incorrect data before analysis.

d. Select a forecasting technique.

Make the forecast.

f. Monitor the forecast. A forecast has to be monitored to determine whether it is performing in a satisfactory
manner. If it is not, reexamine the method, assumptions, and validity of data, and so on; modify as needed; and
prepare a revised forecast.

Advantages of Forecasting;

> Past data provides guidance for future and is a tool to train. Forecasts based on past data helps in correct
planning.

» Forecasting of customer’s demand help in strategy planning, capacity planning, location planning and layout
planning.

> Past data provides trends, which are used to forecast the future trends and helps to decide on products or
services pursued or to be stopped or abandoned.

> Forecast of manufacturing is essential to ensure the availability of materials for sub-assemblies and final
assemblies.

» Forecasting helps in optimizing various costs as it lays down benchmarks to control the project.

> Forecasting by specifying future demands reduce the costs of readjustment of operations in response to the
unexpected deviation.

» Accurate estimation of future demands of goods and services through forecasting increases the operating
efficiency.

> Forecasting is an important component of strategic and operational planning.

> Utilization of the plant is improved with correct forecasts.

A. Forecast Error; (Dec 2013) The gap between forecasted demand and actual demand. It is desirable that the
difference between forecasted and actual demand is low as possible. There are two measures of error as stated
below.

1. Mean Absolute Deviation (MAD): MAD is the ratio of sum of absolute deviations for all periods to the total
number of periods studied. Mean Absolute Deviation (MAD) is an average of the number of deviations
recorded without considering the sign. It is represented as below:

Sum of absolute values of deviations for all periods

mMAD - -
Total number of pefods studied

Z|Furecm’red demand - Actual demand|i

n
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2. Bias: Bias is worked out by using algebraic difference between forecasted and actual demands for all the
periods. The algebraic differences are summed up and divided by the total number of periods studied. Bias
~indicates the directional tendency of the forecast errors.
Bias iz represented as:
_ Sum of algebraic emrars for all the perods

Bias - -
Total number of periods studied

n

Z,‘ Forecosteddemand — Acutaldemand | i
=

n

The ideal forecast should have zero MAD and zero Bias. Usually tread off is attempted between MAD and Bias
i.e., one must be kept low at the cost of the other. In general, focus should be on MAD. Lowering MAD to or
near zero will automatically hold Bias low.

1.

The demand for sewing machine was estimated as 1000 per month for 5 months. Later on the actua
dermand was found as 200, 1050, 1000,1100 and 950, respectively. Workout MAD and Bios. Analyze whether
the forecast made was accurate.

Essential for Effective Forecast;

> It should be accurate enough to help the decision making process.

> It should provide timely indications of major shifts in process performance.

» It should be simple to use.

» It should be easily understandable.

B. Tracking Signals (TS); Tracking Signal (TS) is calculated to indicate the deviations in cases where cumulative

actual are either above or below the forecast by a substantial amount. The TS indicates the direction of the
forecasting error, if TS is positive — increase the forecasts, but if it is negative — decrease the forecasts. It is the
ratio of the cumulative algebraic sum of the deviations between the forecasts and the actual values to the mean
absolute deviation. Tracking Signals are often used to monitor the forecasts especially when the overall forecast
is suspect. If the TS is around zero, the forecasting model is performing well. A forecast is considered out of
control, if the value of Tracking Signal exceeds plus or minus 4.
Mathematically, Tracking Signal is presented as below:

Algebraic sum of deviations
Mean Absolute Deviations (MAD)

Tracking Singals (T5) =

_% [Actual demand; — Forecastdemand;)
-~ MAL

Forecasting Approaches;
A. Qualitative Approaches; Frequently used for longer range strategic planning and facilities decision. Qualitative
approaches include five forecasting techniques:
a. Grass-root Forecasting; People at the grass-root level in the organization, who are in direct contact with the
phenomenon under study, are asked to give inputs in forecasting.
b. Focused Forecasting; This method integrates common sense, grass-root inputs and computer simulation
processes to assess the forecasts.
c. Historical Analogy; Information of past events is used to give insights into prediction on related future
developments. It is assumed that the future events would follow similar pattern as the of the past events.
d. Panel Consensus; A group of knowledgeable persons are invited for an open discussion on a topic selected
for forecasting. It is believed that a single person might not be able to consider all the aspects on the topic.
e. Delphi Method; A number of experts associated with the subject is asked to give their response to pre-
selected questions, which would help in forecasting. The experts could be persons from within the
organization or from outside the organization.
As the experts come from diverse backgrounds, they look at the issue independently from their own
perspectives. On getting the feedback, they are able to appreciate the views of the experts from other expertise fields
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also. This gives them better understanding of the issue. The result of Delphi is arrived by pooling up the knowledge of
various experts and brings very good results.

Merits of Delphi;(Dec 2013) Delphi is preferred for the following reasons:

b

It involves knowledgeable persons on the subject.

Members in Delphi exercise come from different backgrounds and therefore the method is able to

consider and pool up various aspects of the issue.

Since the members do not meet each other, their views are not influenced by the views of others.

No conflict of personality is seen in the process.

No dominance by any influential expert on the other experts.

It gives quick results as compared to quantitative techniques and helps in timely decisions.

Demerlts of Delphi; The approach also has disadvantages as at times the experts take too much time in
giving responses. It also becomes a disadvantage when serious treatment is not given to the questionnaire,
while giving their responses.

B. Quantitative Forecasting; Quantitative forecasting techniques use the past numerical data for forecasting the
future events. Frequently used for short-term operational planning such as production and inventory control
The quantitative techniques use time series, which includes the following: This approach uses more of an
analytical method like time series analysis model.

a. Simple Average;

b. Simple Moving Average;In this method, the number of past periods is selected. The average of the selected
number of periods is calculated instead of average of all the periods taken together. In this case, the average
is changing as we move forward and reflects the demand of the recent period more closely. As the one
period elapses, the demand for the oldest period is not counted and the demand for the most recent period
is added for the next calculation.

C. Weighted Moving Average; In case the planner wants to give different weights to different periods, he could
use weighted moving average method by incorporating some weight for old demand instead of equal
weightage for all past periods under consideration.

d. Exponential Smoothing; In this method, the demand for the most recent period is weighted most heavily
and the weights of just preceding periods are lowered exponentially. This method cannot be used for an
item, which has trend or seasonal pattern. This is best suited for independent demand with no trend and
seasonality

i3
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Forecasting Methods; Forecasting Methods can be classified into;
i Time series methods;
ii. Casual methods and
iii. Opinion-based methods.

A. Time series methods; In terms of time, the past data can vary over time due to
v" Random errors,
v" Underlying trend,
v' Seasonality, and
v" Cycles.
Smoothing Methods;

1. Moving Averages; A simple moving average involves taking a simple arithmetical average of a set of observed
values, from the present time period to a certain time period in the past, and then using that average as the
forecast for the time period in the immediate future.

2. Weighted Moving Averages ; Already Covered

3. Exponential Smoothing; Already Covered

Curve Fitting; Curve fitting is the process of finding a linear or non-linear, relationship between the dependent variable
(which is usually the demand in forecasting) and an independent variable. We shall take up the least squares method of
curve fitting.
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Casual Methods; the causal methods try to identify the factors which cause the demand to vary and try to fit a
relationship between the demand and these factors. For example, the increase in demand for an item may be related to
the increase in population or in disposable income per household. It may also be related to the amount of competition
in an inverse or negative way. Some of the causal methods are:

a. Regression and correlation analysis ;( Dec 2014) Regression analysis identifies the movement of two or more
interrelated series. It is used to measure the changes in a variable (dependent variable) as a result of changes in
other variables (independent variables).

Correlation - If all the values of the variable satisfy a regression equation exactly, then the variables are said to
be perfectly correlated. But, this is mostly not the case and the data points are scattered about the line (or
plane) which is fitted to the data. In all such cases we need to describe the fit with a measure of correlation.
Econometric models (Out of Syllabus)

Input-output analysis (Out of Syllabus)

d. End-use analysis (Out of Syllabus)

o T

Simulation;

In general terms, simulation involves developing a model of some real phenomenon and then performing experiments
on the model evolved. In general, simulation aims to determine how the system under consideration would behave
under certain conditions.

Process of Simulation; Broadly there are four phases of the simulation Process;(Dec 2015)
i Definition of the problem and statement of objectives identify and clearly define the problem and list the
objective(s) that the solution is intended to achieve
ii. Construction of an appropriate model; the model mimics the important elements of what is being
simulated. A simulation model may be a physical or mathematical model, a mental conception, or a
combination
iii. Experimentations with the model constructed; Once the simulation model is developed, the next step is to

run it.
v If the model is deterministic, with all its parameters known and constant, then only a single run would
suffice.

v/ On the other hand, if the simulation is stochastic in nature, with the parameters subject to random
variation, then a number of runs would be needed to get a clear picture of the model performance.
v The probabilistic simulation is akin to the random sampling where each run represents one observation.
Thus, statistical theory can be used to determine the optimal sample size
iv. Evaluations of the results of simulations; The interpretation of results is, in a large measure, dependent on
the extent to which the simulation model portrays the reality.

MONTE CARLO SIMULATION(Computer Simulation);

It can be described as a numerical technique that involves modelling a stochastic system with the objective of
predicting the system’s behavior. This method is used when the given process has a random, or chance, component.

In using the Monte Carlo method, a given problem is solved, by simulating the original data with random
number generators.

Applications of Simulation;

Police dispatching and beat design;

Location of emergency vehicles like ambulances

Making inventory policy decisions

Evaluation of operating alternatives at airports;

In financial planning—both portfolio selection and capital budgeting,

Scheduling the production processes;

Large scale military battles as well as individual weapons systems for aiding in the designing of both the weapon
systems and of the strategic and tactical operations

VVVVYVYYVY
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Assignment;

An Assignment problem involves assighment or matching of two things, e. g. matching of workers and jobs or matching
of salesmen and areas etc. The basic principle in Assignment problem is that the matching is on a one to one basis.

There are four Methods for solving an Assignment Problem;

Complete enumeration method;
Transportation Method

Simplex Method

Hungarian Assignment Method (HAM):

a 0 T o

Transportation;

Transportation models are special types of linear programming models. It helps in establishment of one to many linking
or relationships or routes for movement of goods or services from sources or origins or factories to the destinations or
warehouses or customers or wholesalers or retailers or distribution channels with the minimum total transportation
cost. This model is applicable not only for solving problems of transportation but also for solving a variety of industrial
problems.

Term Degeneracy in a Transportation Problem; m+n-1 # Allocated Cells;

Linear Programming;

Linear programming (LP, or linear optimization) is a mathematical method for determining a way to achieve the best
outcome (such as maximum profit or lowest cost) in a given mathematical model for some list of requirements
represented as linear relationships. Linear programming is a specific case of mathematical programming (mathematical
optimization)

Main advantages of L.P. are as follows:
v Linear Programming helps in attaining the optimum use of productive factors.
v Linear programming techniques improve the quality of
v" Highlighting of bottlenecks in the production processes is one of the most significant advantages of this
technique. For example, when bottlenecks occur, some production factors (say machines) cannot meet demand
while other remains idle for some of the time.
v' Linear programming provides possible and practical solutions since there might be other constraints operating
outside of the problem which must be taken into account.
Uses of Linear Programming technigue;

The linear prograrmming technique is useful in the following cases:

{i] It helps in determining optimum combination of several vanabkles with given constraints and thus
selecting the best possible strategy among varous alternatives available.

(i) Linear programming provides addiional information for proper planning and control over various
operations in the crganisation.

{if) The management must understand the activities of the organisation for constructing suitable

mathematical model visualising the relationship between vanables, if any, and making improvement
over them. The linear programming helps in better understanding the phenomenon.

[iv] Linear programming contributes to the development of executives through the technigues of model
building and their interpretations.

[v) Linear programming provides standards for the management problems by defining (a) the objectives
to be pursued, (b) vanous restnctions to be iImposed, (c] vanous alternatives available and relaticnship
between them. (d] the contribution of each alternative to the obiectives.
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Application: The linear programming technigue may be fruitfully applied in the following spheres:
(i}  The linear programming can be used in production scheduling and inventory control so as to produce
the maxirmum out of the resources available to satisfy the needs of the public by minimising the cost

of production and the cost of inventory control.
(i) The technigue of linear programming can alo be fruitfully used in solving the blending prokblems.

Where basic components are combined to produce a product that has certain set of specifications
and one may calculate the best possible combination of these compounds which maximise the profits
or minimise the costs.
{in) Other important applications of inear programming can be in purchasing, routing, assignment and
other problems having selection problems such asz{a) selecting the location of plant, (k) deciding the
trarsportation route within the organisation, (c) utilising the godowns and other distriobution centres
to the maximising, (d) preparing low-cost production schedules, (e) determining the most profitaole
product-mix, and (f] analysing the effects of changes in purchase prices and sale prices.

Network Analysis;

Network analysis is the general name given to certain specific techniques which can be used for planning, management
and control of project. It often acts as a network management tool for breaking down projects into components or

individual activities and recording the result on a flow chart or network diagram.
Applications:

1.

ok~ own

6.

Construction of a Residential complex,
Commercial complex,

Petro-chemical complex

Ship building

Satellite mission development
Installation of a pipe line project etc...

Differences between PERT & CPM

FERT

CPM

It & a fechnigue for planning scheduling &
controling of projects whose activities are
subject to uncertainty in the performance
time. Hence it i a probabilistic model.

It is a technigque for planning scheduling
& contfrolling of projects whose activities
not subjected to any uncerfainty and the
performance times are fixed. Hence it s a
determministic model.

It is an Event orented system

It is an Activity oriented system

Basically does not differentiate critical and | 3
non-critical acfivities.

Differenfiates cleary the critical acfivities from
the other activities.

projects where times cannot be predicted.

4. Used in projects where resources (men, | 4. Usedin projects where overall costs is of primarily
matenals, money) are akways available when impertant. Therefore betier utiized resources.
required.

5. Suitable for Research and Development | 5. Suitable for civil constructions.
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2 Mark Questions for Practice;
1. Discuss the objectives of Product Design.

Answer;

The objectives of the Product Design are :

(i] The overall objective iz profit genenation in the long run

(i) To achieve the desired product quality

(i) To reduce the development fime and cost to the minimum

liv] Toreduce the cost of the product

(v) To ensure producibilty or manufacturabiity [design for manufactunng and

assemblv].

2. Mentioning the generic components of innovation.
Answer;
Four generic components of technological innovation are: basic research, applied

research, development, and implementation.
(i) Basic research is research for the advancement of scientific knowledge that

has no specific commercial uses. Basic research may, however, be in the field
of present or potential interest to the company.

(ii) Applied research iz research for the advancement of scientific knowledge that
has specific potential commercial uses.

(i) Development is technical activity concerned with translating baosic or applied
research results info products or processes.

(iv) Implementation is activity concemed with designing and building pilot models,

equipment, and faciities, and initiating the marketing channels for products or
services emerging from research and development.
3. Define the Process Strategy.
Answer;
A process sirategy is an organization's approach to proces selection for the purpose

of transforming resource inputs info goods and services (outputs). The objective of a
process strategy is to find a way to produce good: and services that meet customer
requirement and product specification [i.e., design speciiications] within the constraints
of cost and other managenal imitations.

Key aspects in process strategy include:
(il Make or buy decisions
(i) Caopitalintensity and
(i) Process flexibility

4. Discuss the advantages of Vertical Integration.
Answer;
Advantages of vertical integration are:
(il Can sometimes increase market share and allow the firm enter foreign markets
more easily.
(i} Can achieve savings in production cost and produce higher quality goods.
(iii) Can achieve more timely delivery.
{v] Better utiization of al types of resources.

5. Discuss the techniques of Work Measurement.
Answer;

The main techniques vsed to measure work are;
1. Direct Time Study.
2. Synthesis Method.
3. Analyhcal Eshmating.
4_Prz determined Maotion Time System (PMTS).
3. Work sampling or Activity Sampling or Ratio Delay Method.

6. Define the Mean Absolute Deviation (MAD).
Answer;

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com (Special Revision Note-Dec 2016) Page 51


mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255
CMA Mohammad Asthaf Anathan 9790809900

MAD is the ratio of sum of absolute deviations for all penods to the total number of penods
studied. [t is reprezsented as below:

_ Sumn of absclute values of deviafions for all periods

MAD _ .
Total nurmber of periods studied
E|FDFECGS‘|’EdDEF‘I‘ﬂhd - Actual demc:lnd| i
_ iml
n
7. What are the factors affecting the process planning?
Answer;

Factors affecting process planning

Volume [gquantity) of production.

Delvery dates for components or products.
Accuracy and process capability of machines.
The skill and expertise of manpower.

Maternal specifications.

Accuracy requirements of components or parts.

Py (R T o I v

8. Mentioning the different types of Layout.
Answer;

The different types of layout are;
a. Process layout;
k. Product layout;
c. Fixed position layout;
d. Cellular Monufactunng [CM )] layout;
e. A combination of the above.

9. Discuss about the Total Float.
Answer;
Total Float
Amount of time by which the completion of an activity could be delayed beyond the
eariest completion time without affecting the overall project duration time. It is measured

by the maxmum time of the difference between maxmum time available to perform
activity and actvity duration time or the difference between latest start time and earliest

start time.
T5(a) = LS (a) - ES (a)
Es=9% t=10 ES =20
I15=14 L5 =24

For Activity 1-2. E5 =% and L5=14
Then Total Hoat for [1-2) = 14-9 =5

5 0
10. Define Quality Function and Development (QFD)

“QFD is a systematic and organized approach of taking customer needs and demands
into considerafion when designing new product and services or when improving exsting
products and services." Another name for this approach is “customer-driven enginesnng”
because the voice of the customer iz diffused throughout the product [or service)
development life cycle.

11. What is Capacity Planning?
Answer;
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Capacity Planning is the process of determining the production capacity needed by an
organization to meet changing demands forits products. In this context, “capacity” is
the maxmum amount of work that an organization is capable of completing in a given
period.
12. What is Quality Circle?
Answer;
Quality Circle: is a small group of & to 12 employees doing similar waork and who
voluntanly meet together on a regular basis to identify improvements in their respective
Work areqs.
13. State the factors affecting Process Planning.
Answer;
Following are the foctors affecting Process Flanning:
(i) Volume of production;
(it} Delivery dates for components of products;
(iii) Accuracy and process capability of machines;
(iv) Skill and experhise of manpower;
(v) Matenal specifications;
(vi) Accuracy requirements of components or parts.

14. State the purpose of preparing Assembly Charts.
Answer;
Assembly Charts are prepared to provide an overall macro view of how matenals and
sub-assemblies are assembled to form finished products. These charts list all major
matenals, components, sub-assembly operafions, inspections and assembly operations.
15. List the limitations of using Bar Chart.

Answer;
Following are the imitations of using Bar Chart:

(i) Bar chart becomes too cumbersome while dealing with big and complex projects
when considered in detail and efforts were to find ocut interactionfinterdependence.
(i} Bar chart does not indicate which tasks should be given pronties as regards the
resources, e, men, money, matenals, machinery, etc.
(i} CThanges in schedule cannot be evaluated.
[w] It does not tell tolerance in activity fimes.
[v] It does not show continuing interelationships of activities.
[vi] Bar chart it iz not clear which are the activiies dependant on each other and which
are independent.
16. List the success factors associated with Quality Functions Deployment (QFD)?
Answer;
Success Factors associated with Quality Function Development (QFD) are:
(i) Accurate Customer Voice.
[} Strong Management Commitment.
(i) A good consultant.
(iv] Regular projects reviews.
[v] Milestone celebration to keep interest high and to develop a sense of closure.
[vi] Shanng with other teams to facilitate desper learning.
17. What is Linear Programming?
Answer;
Linear Programming is an optimization technique that allows the user to find a maximum profit/revenue or a
minimum cost, based on the availability of limited resources and certain constraints.

18. Define Standardisation.
Answer;

Standardisation refers to design activity that reduces variety among a group of products or parts. This will
result in higher volume for each product or part model which can lead to lower production costs, higher product

quality and lower inventory and higher ease of automation.

19. Who is a Qualified Worker?
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20.

21.

22.

23.

Answer;

A qualified worker is one who is accepted as having the necessary physical attributes, possessing the required
intelligence and education and having acquired the necessary skill and knowledge to carry out the work in hand
to satisfactory standards of safety, quantity and quality.

Define P-D-C-A Cycle.
Answer;

P - Plan (process) the improvement

O - Do implement the plan

C-  Check- check hoe closely result meets goals

A-  Act-use the improved proces: as standard practice

What is Capacity Planning?
Answer;

Capacity Planning is the process of determining the production capacity needed by an organization to meet
changing demands for its products. In this context, —capacity|| is the maximum amount of work that an
organization is capable of completing in a given period.

Designing for Quality

Answer;

Building product quality into the product design is the first step in producing products of superior quality. This is
known as —quality of design|| which is followed by —quality of conformance.|| Quality of design refers to the
quality specifications incorporated in the design. It consists of quality characteristics such as appearance, life,
safety, maintenance and other features of the product. Quality of conformance is the degree to which the
product actually conforms to the design specification. Designing products for quality consists of three aspects of
design— (a) robust design, (b) design for production and (c) design for reliability.

Types of processes
Answer;

Types of Processes: Basically, processes can be categorised as:

i. Conversion processes, i.e., converting the raw materials into finished products (for example, converting
iron ore into iron and then to steel). The conversion processes could be metallurgical or chemical or
manufacturing or construction processes.

ii. Manufacturing processes can be categorised into (a) Forming processes, (b) Machining processes and
(c) Assembly processes.

iii. Testing processes which involve inspection and testing of products (sometimes considered as part of
the manufacturing processes).

a. Forming processes include foundry processes (to produce castings) and other processes such as
forging, stamping, embossing and spinning. These processes change the shape of the raw material (a
metal) into the shape of the workpiece without removing or adding material.

b. Machining processes comprise metal removal operations such as turning, milling, drilling, grinding,
shaping, planning, boring etc.

c. Assembly processes involve joining of parts or components to produce assemblies having specific
functions. Examples of assembly processes are welding, brazing, soldering, riveting, fastening with
bolts and nuts and joining using adhesives.
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24.

25.

26.

27.

28.

29.

30.

Capital intensity;

Answer;

Capital intensity is the mix of equipment and human skills in a production process. Capital intensity will be high
if the relative cost of equipment is high when compared to the cost of human labour. Capital intensity means
the predominant resource used in manufacturing, i.e., capital equipments and machines rather than labour.
Decision regarding the amount of capital investment needed for equipments and machines is important for the
design of a new process or the redesign of an existing one. As the capabilities of technology increase (for
example automation), costs also will increase and managers have to decide about the extent of automation
needed. While one advantage of adding capital intensity is significant increase in product quality and
productivity, one big disadvantage can be high investment cost for low-volume operations.

Principles of Total Quality
Answer;
e  Focus on the customer (Both internal & external)
e Participation and team work
e Employee involvement and empowerment
e Continuous improvement and learning.
Mentioning the Five principles of TQM.

The Five Principle of Total Quality Management:
(il Concentrate on the customer
(i) Do it right first time
(i) Communication and educate
(iv) Measure and record
(v] Do it together
Principles of Total Quality Control (TQC)
Top management policies- Iero defects, continuous improvement etc.
Guality contfrol training for everyone
Guality at product/zervice design stage
Guality matenals from suppliers
Guality control in production
Guality control in distibution, installation and usage.

Predictive Maintenance

Answer;

Predictive Maintenance: One of the newer types of maintenance that may be anticipated to gain increasing
attention is called predictive maintenance. In this, sensitive instruments (e.g., vibration analysers, amplitude
meters, audio gauges, optical tooling, pressure, temperature and resistance gauges) are used to predict trouble.
Conditions can be measured periodically or on a continuous basis and this enables the maintenance people to
plan for overhaul. This will allow an extension to the service life without fear of failure.

Diffusion

Answer;

Diffusion: Diffusion is relevant to both process and product change. Process diffusion takes place when the
overtime use of the process is diffused to other firms. Product diffusion refers primarily to the widespread use of
the product among consumers rather than among firms. The rate of diffusion depends upon several factors and
has many implications, particularly with respect to patents and monopoly.

Approach of Six Sigma
Answer;

Six Sigma is a very rigorous approach to improving quality within products and services. Processes that are
critical to products and services must be analyzed in detail. Generally, Six Sigma will follow a four phase
approach:

1. Measure — Determine the error or defect rate

2. Analyze — Understand the process
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31.

32.

33.

3. Improve - Reach for a higher Sigma
4. Control — Monitor through measurement
Describe about capital spare parts.

Answer;

Regular spares and Insurance spares are two ends of the spectrum; Capital spares fall somewhere in between.
These spares are expensive and therefore it would be desirable to keep only as many as would be required from
the viewpoint of service level. This decision is guided by the probability that a certain number of them are
required over the life of the equipment.

Limitations of Preventive Maintenance.

Answer;

i More expensive in the short term and during the initial stages of introduction of preventive

maintenance programme.

ii. Inspection of plant, equipment and machinery will have to be carefully planned and implemented and

improved over a period of time.
What are the success factors of QFD?

(i} Accurate Customer Voice.

(i) 5trong Management Commitment.
(i) A good consultant.

(iv] Regular projects reviews.

(v]) Milestone celebration to keep interest high aond fo develop a sense of closure.
[vi) Sharing with other teams to facilitate deeper leaming.

34. Mention the characteristics of Just —in- Time systems.

35.

36.

37.

Answer;

JIT systems focus on reducing inefficiency and unproductive time in the production
process to improve contfinuously the process and quality of the product or service.
Employes involvement and inventory reductions are essential to JIT operations. The
salient characternstics of JIT are:

(il Pull method of matenal flow

() Constantly high quality

(ii] Small lot sizes

(rv] Uniform workstation loads

(v) Standardized components and work methods

[wi] Close supplier ties

[wil} Flexible workforce

[wiil] Line flow strategy

(] Automated production and

(%] Preventive mainfenance.

List the name of the Qualitative Approaches regarding the Forecasting Technique.
Answer;

Grass — Root Forecasting

Focused Forecosting

Histoncal Analogy

Panel Consensus

Delphi Method

Discuss the Input/ Output Control.

Answer;

It is a control technique where the planned and actual inputs are monitored. Actual input is compared to
planned inputs to identify where work center output might vary from the plan because work is not available at
the work center. Actual output is also compared to the planned output to identify problems within the work
center. Planned and actual inputs as well as outputs have an impact on the Work-in-Process (WIP) inventory.
Where did QFD come from? (PTP June 14)

Yoji Akao of Tamagawa University is the key contributor to QFD Development in Japan. There are 30 matrices in
his approach. The QFD team can pick and choose the matrix which would be of most use for a particular phase
of product development.

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com (Special Revision Note-Dec 2016) Page 56



mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255

CMA Mohammad Asthaf Anathan 9790809900

38.

39.

40.

41.

42.

43,

44.

45.

46.

Another expert in the area of QFD is Fukahara. He is associated with the Central Japan Quality Control
Association. He mainly focuses on the house of quality, namely the product definition aspect. There is also the
four phase (or four matrices) approach promoted by the American Supplier Institute (ASl). There are,of course,
many other approaches of QFD.
Name five general purpose machines.
Answer ;

[il Lathe

(i) Drlling machine

(i) Grinding machine

(iv] Milling machine

(v] Planning machine
List the uses of Jigs and Fixtures.
Answer;

1] Jigs quickly and accurately guide the tools Difficult operations are rendered easier,

speedier, and yet more accurate by using Jigs.
i) Jigs help in mass production by producing accurately machined interchangeable
arts.
i) Exi‘urles are essential in all machine work, because work must be firmly held at the
fime of working of tools.
iv) Fixtures used along with jigs increase the speed and accuracy of work.

Write a short note on Value Engineering.

Answer;

Value engineering or value analysis is concerned with the improvement of design and specifications at various
stages such as research, development, design and product development. Value engineering aims at cost
reduction at equivalent performance. It can reduce costs to the extent of 15% to 70% without reducing quality.
While value engineering focuses on preproduction design improvement, value analysis, a related technique
seeks improvements during the production process.

Design for Manufacturing and Design for Assembly are related concepts in manufacturing’. Justify.

Answers;

Design for Manufacturing (DFM) and Design for Assembly (DFA) are related concepts in manufacturing. The
term design for manufacturing is used to indicate the designing of products that are compatible with an
organisation’s capability. Design for assembly focuses on reducing the number of parts in a product or on
assembly methods and sequence that will be employed.

Define Time Study.

Answers;

A technique of work-measurement used for determining as accurately as possible from a limited number of
observations, the time necessary to carry out a given activity at a denned standard of performance. A stop
watch is used for the purpose of recording the actual time taken by the worker under observation to perform
various elements of the work or task.

Define Customer-Driven Quality.
Answer;

Customer-Driven Quality: Quality is meeting or exceeding customer expectations. The term —customer||
includes both the —internal customer|| and the —external customer]|| in the —customer chain||.

What is Rotable Spare?

Answer;

These are repairable and re-usable spares, such as a jet engine or an electric motor which can be reconditioned
after failure and put back in operation.

Define Material Planning.

Answer;

Materials planning is the scientific way of determining the requirements of raw materials, components, spares
and other items that go into meeting the production needs within economic investment policies. Materials
planning is a subset of the overall production planning and control system which has a broad perspective.

Define Repetitive focus.

Answer;
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A repetitive process is a product oriented production process that uses modules.
It falls between product focus and process focus. It uses modules which are parts or components prepared often
in a continuous or mass production process. A good example of repetitive process is the assembly line which is
used for assembling automobiles and household appliances and is less flexible than process-focused facility.

47. Explain the term _worker-machine chart.’
Answer;
The man machine chart or worker-machine chart: This is a variation of multiple activity chart and illustrates the
operation and delays of the operator and the machine which he operates. An example of man machine chart
may be one worker running two machines simultaneously.

48. A project starts with statement of work.’- Justify.
Answer;

Project planning deals with specified tasks, operations or activities, which must be performed to achieve project
goals. A project starts with statement of work. It may be a written description of objectives (rules/regulations/
constraints/restriction) to be achieved with a brief statement of work to be done and a proposed schedule
specifying the start and completion dates of the project.

49. Define Maintenance Engineering.
Answer;

Maintenance Engineering is that function of production management that is concerned with the day-to-day

problems of keeping the physical plant in good operating condition.
50. Explain Total Productivity.

Answer;

Total Productivity:

Here, productivity is calculated with respect to the total cost or the total finances
committed, instead of one input, as given below:

. Yalus added Value of gross output
Productivity = = -
Totalfactor cost Total value of inputs.

The total factor productivity [TFP] = @ measure of the overall changes in production
efficiency.
51. State the three levels of quality.
Answer;
Three levels of guality
1 | Organization level Meeting external customer requirements
Process level Meeting the needs of internal customers
Performer level (Job level | Meeting the reguirements of accuracy, completeness
or task design level innovation, timeliness and cost.
52. Describe Pragmatic JIT.
Answer;
Pragmatic JIT consist of a set of techniques, some fairly technical, that relate to machine change-overs, lay-out
design, product simplification, quality training, equipment maintenance and so on.
53. List the disadvantages of Vertical Integration.
Answer;
Disadvantages of vertical integration are:
« Mot attractive for low volumes.
+ High capital investment and operating costs.
* |esz abilty to react more quickly to changes in customer demands, competitive
actions and new technigues.

] [N]

54. State the meaning of Concurrent Engineering.

Answer;
Concurrent engineering means bringing design and manufacturing people together early in the design phase to
simultaneously develop the product and processes for manufacturing the product. Recently this concept has been
enlarged to include manufacturing personnel, design personnel, marketing and purchasing personnel in loosely
integrated cross-functional teams. In addition, the views of suppliers and customers are also sought frequently. This
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will result in product designs that will reflect customer wants as well as manufacturing capabilities in the design
stage itself.

55. Explain the term Route Sheet.

Answer;
A route sheet is a document providing information and instructions for converting the raw materials into finished
parts or products. It defines each step of the production operation and lays down the precise path or route through
which the product will flow during the conversion process.

56. List the three axioms of Deming’s Triangle.
Answer;
Deming's Tnangle (3 axiomns):
Axiom 1 : Commitment (Obsession with guality)
Axiom 2 : (Scientific Knowledge & Method]

Axiom 3 : Involvement (All in one team)

Axiom 1
Commitment
[Obsession with quality)

Axlom 3 Axiom 2
Involvement [Scienfific
{Allin one team) knowledge and

Method)

57. State the three prominent kinds of failure probability distribution.
Answer;
The phenomenon of breakdown or failure is very important in Maintenance Management. A vital information in
this regard relates to Failure Statistics. An important statistic is the relative frequency of failure or probability
density of failure with respect to the age of the item in question. It has been observed that there are three
prominent kinds of failure probability distribution:
a. Normal Distribution
b. Negative exponential Distribution
c. Hyper-exponential Distribution

58. Define the term Rescue maintenance
Answer;
Rescue maintenance refers to previously undetected malfunctions or such sudden changes that were not
anticipated but require immediate solution. Rescue maintenance is unplanned. Thus a system that is properly
developed and tested should have few occasions of rescue maintenance.

59. State the need for Ergonomics.
Answer;
Poorly designed products may cause work-related accidents resulting in injuries to users. Hence, comfort, safety
and ease of use for the users are becoming more important quality dimensions that have to be considered in
product design. Human Factor Engineering or Ergonomics applies knowledge of human capabilities and
limitations to the design of products and processes.

60. List the three Principles of Motion Economy.
Answer;
The rules of motion economy and efficiency which referred to hand motions of operators were developed by
Gilbreth. The principles of motion economy are divided into three groups, viz.,
i Effective use of the operator
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ii. Arrangement of the workplace
iii. Tools and equipment

61. List the different Quality Circle techniques.
Answer;
It is necessary for QC to adopt following technigue in order to smooth working of QC.

(il Team iz necessary for QC to adopt following technigue in order to smooth working of
QC.
(i] Pareto Prnciple
(i) Collection of Data
(iv) Analysis of Problem
(v] Problem Selection and Solution
[vi) Presentation to Management
[vil) Code of Conduct.
62. Discuss about Spare Parts.

Answer;
Spare parts constitute significant portion of inventory investment and therefore, their
planning and control are important. Spare parts are required for maintenance: preventive
and breakdown.

Spare parts
L] L}
Regular Insurance Capital Rotable
Spares Spares Spares Spares

63. Describe Process Selection.
Answer;
Process selection refers to the way production of goods or services is organised. It is the basis for decisions
regarding capacity planning, facilities (or plant) layout, equipments and design of work systems. Process
selection is necessary when a firm takes up production of new products or services to be offered to the
customers.

64. Write a note on Line Balancing.
Answer;
Line balancing is arranging a production line so that there is an even flow of production from one work station to
the next, i.e. there are no delays at any work station that will leave the next work station with idle time.
Line balancing is also defined as —the apportionment of sequential work activities into work stations in order to
gain a high utilization of labour and equipment and therefore minimize idle time.||

65. List the ten dimensions of service quality.
Answer;
Ten dimensions of service quality are - 1. Reliability 2. Responsiveness 3. Competence 4. Access 5. Courtesy 6.
Communication 7. Credibility 8. Understanding 9. Security/Safety 10. Tangibles.

66. Explain the term Rotable Spares.
Answer;

Rotable spares are repairable and re-usable spares, such as a jet engine or an electric motor which can be
reconditioned after failure and put back in operation. This situation can be visualised in a Multiple Channel
Single Service Queuing theory format, where the defective equipments are the arrivals and the spares are the
servers. The service times are given by the distribution of time to recondition a spare. The inter-arrival times of
the defective items can also be modelled in terms of a probability distribution.
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67. Discuss the Input/ Output Control.
Answer;
It is a control technique where the planned and actual inputs are monitored. Actual input is compared to
planned inputs to identify where work center output might vary from the plan because work is not available at
the work center. Actual output is also compared to the planned output to identify problems within the work
center. Planned and actual inputs as well as outputs have an impact on the Work-in-Process (WIP) inventory.
68. State the applications of Programme Evaluation and Review Technique (PERT)
Answer;
FERT is vseful in the following situations:
* The project should have identifiable activities.
* The activities should haove clear starting and ending points.
* Project iz complicated and consists of many inter-related tasks.
* Techrique is good for projects, where alternative optlions, sequence of activities
and fime penod are involved.

69. What is Process Flexibility?
Answer;
Process flexibility refers to the degree to which the system can be adjusted to changes in processing
requirements due to such factors as changes in product or service design, changes in volume of products
produced and changes in technology.

70. What are the two directions of vertical integration?
Answer;

Two directions of vertical integration are:

(i} Backward integration which represents moving upstream towards the sources of raw
matenals and parts, for example a steel plant mill going for backward integration by
owning iron ore and coal mines and a large fleet of transport vehicles to move these
raw matenals to the steel plant.

(i) Forward integration in which the firm acquires the channel of distnbution (such as
having its own warehouses and retail outlets).

71. What are the salient points of the Activity-On —Node convention?

Answer;

Salent points of the Activity-On Mode convention are:

+ Each activity is represented by a node in the network.

+ A precedence relationship between two activities 15 represented by an arc or link

between the two.
* PMNode is represented by a circle and indicates an Bvent, a point of fime where one or
more activities start and/or finizh.

72. What is Predictive Maintenance?
Answer;
One of the newer types of maintenance that may be anticipated to gain increasing attention is called predictive
maintenance. In this, sensitive instruments (e.g. vibration analysers, amplitude meters, audio gauge, optical
tooling, pressure, temperature and resistance gauges) are used to predict trouble. Conditions can be measured
periodically or on a continuous basis and this enables the maintenance people to plan for overhaul. This will
allow an extension to the service life without fear of failure.

73. Explain the term Pacing.
Answer;
Pacing refers to the fixed timing of the movement of items through the process. In a serial process, the
movement of items through each activity (or stage) is often paced in some mechanical way in order to to
coordinate the line.

74. Define Order control.
Answer;
The most, common type of production control is called order control. This type of control is commonly
employed in companies with intermittent production systems, the so-called job-lot shops. Under this method,
orders come into the shop for different quantities for different products. Therefore, production planning and
control must be based on the individual orders.

75. Define Forecast Error.
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76.

77.

78.

79.

80.

81.

82.

83.

84.

Forecast error is the numeric difference between the forecasted and actual demand. It is desirable that the
difference between forecasted and actual demand is low as possible. There are two measures of error — (i) Mean
Absolute Deviation (MAD) and (ii) Bias.

Define the term ,Specification.

Answer;

A Specification is a detailed description of a material, part or product, including physical measures such as
dimensions, volume, weight etc. These physical measure are given tolerances (acceptable variations). Tolerances
are stated minimum and maximum for each dimension of a product. Tight tolerances facilitate
interchangeability of parts and allows ease of assembly and effective functioning of the finished products.

What is Operation Process Chart?

The basic process chart, called an operation process chart, is understood as a graphic representation of the
points at which the materials are introduced into the process and the sequence of inspections and all operations
except those involved in materials handling. It includes information considered desirable for analysis such as
time required to carry out the operation and the location.

Define Partial Productivity.

Partial Productivity: This measures productivity of one factor or input, keeping other factors or inputs constant
or unchanged. Mathematically, this is a partial derivative of the output with respect to one input, keeping the
other inputs constant.

What do you mean by the term Reliability Improvement?

If an equipment system has a reliability which needs further improvement, how should the reliabilities of the
various components be increased in order to get the desired improvement in the reliability of the equipment
system.

Define Quality Control.

Answer;

Quality Control may be defined as “a system that is used to maintain a desired level of quality in a product or
service”. It is a systematic control of various factors that affect the quality of the product. Quality Control can
also be defined as that “Industrial Management technique by means of which product of uniform acceptable
quality is manufactured”.

Explain Utilization.

Answer;

Utilization = Actual Hours/Scheduled available hours Utilization factor and efficiency are both assumed to
develop realistic and feasible plans. Utilization is the percentage of a resource’s maximum capacity, which is
expected to involve in production. For example, it is not expected by an employee to work effectively for every
minute in an 8 hour shift. All workers including devoted employees need breaks to attend to their personal
needs.

Explain the term Operations Design.

Answer;

Operations Design is concerned with the design of the individual manufacturing operation. It examines the man-
machine relationship in the manufacturing process. Operations desigh must specify how much labour and
machine time is required to produce each unit of the product.

Explain the term Aggregate Planning.

Answer;

The term aggregate planning is often employed in the capacity context. The implication is that such planning is
concerned with total demand, i.e. all demands collected together. This is of relevance in operating systems
where different goods or services are provided. In such cases capacity planning will seek to estimate or measure
all demands and express the total in such a way as to enable enough of all resources (or total capacity) to be
provided. Demand for all outputs must therefore be expressed in common capacity-related units such as the
number of resources or resource hours required.

State the meaning of Technology Fusion.

Answer;

Technology fusion refers to the process of combining several current technologies and scientific knowledge to
create a hybrid technology. Adding one technology to another, results in synergic effects. For example in
machine tool industry NC, CNC machines are the result of fusion of electronics and mechanical technologies.
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85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

State the meaning of Facility Loading.

Answer;

Facility loading means loading of facility or work centre and deciding which jobs to be assigned to which work
centre or machine. Loading is the process of converting operation schedules into practice.

State the three fundamental concepts of JIT.

Answer;

i Elimination of waste and variability

iii. —Pull|| versus —Push|| system and

iiii. Manufacturing cycle time (or —throughput|| time).

‘Six Sigma provides flexibility in the new millennium of 3C’s’ — List them.
a. Change: Changing society

b. Customer: Power is shifted to customer and customer demand is high
c. Competition: Competition in quality and productivity.

Define Total Productivity.

Total Productivity:

Here, productivity iz calculated with respect to the total cost or the total finances
committed, instead of one input, as given below:

Productivity = Valueadded _ Value of gross output

Total factor cost - Totalvalue of inputs.

The total factor productivity (TFP) s @ measure of the overall changes in production

efficiency.

Explain Flow Process Chart.

Flow process charts are graphic representations of the sequence of all operations, transportation, inspections,
delays and storages occurring during a process or a procedure and include information considered desirable for
analysis such as time required and distance moved.
The flow process chart could be of three types, viz., (i) Flow process chart material or product type. (ii) Flow
process chart-man type. (iii) Flow process chart machine type or equipment type.

Explain Delayed Differentiation.
Answer;

Delayed Differentiation is the process of producing but not quite completing, a product, postponing completion
until customer preferences or specifications are known. Modular design is a form of standardisation in which
component parts are grouped into modules that are easily replaced or interchanged to produce varieties of the
same basic product. One example is a computer system in which a customer can choose a particular
configuration depending on the computing, capability desired by the customer. Modular design helps mass
customisation.

Distinguish between Regular Spares and Insurance Spares.
Answer ;

Regular Spares are required regularly and so, in substantial numbers. Insurance Spares have a very high
reliability and are required rarely.
Write the formula for Input Efficiency and Effectiveness.

Answer;

r - Actual Cornsumption
|nput Efficiency = = e

Desired or standard consum ption

Target Achieved

Effectivencss = Target Achisvakbls

List the various steps in New Product Development.

Answer;

The steps in New Product Development are: (i) Exploration, (ii) Screening, (iii) Business Analysis, (iv)
Development, (v) Testing, and (vi) Commercialisation.

What is processing time?

Answer;
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The time needed to produce goods or provide services. This can involve scheduling repairing equipment,
methods used, inventories, quality, training and the like.

95. What are the main functions of production planning?
Answer;
The main functions of production planning are: (i) Estimating, (ii) Routing, (iii) Scheduling, and (iv) Loading.

96. What is measured by regression analysis?
Answer;
Regression analysis identifies the movement of two or more interrelated series. It is used to measure the
changes in a variable (dependent variable) as a result of changes in Other variables (independent variables).

97. What is meant by ,Total® in Total Productive Maintenance?
Total in —Total Production Maintenance|| means: (i) Total employee involvement, (ii) Total equipment
effectiveness (i.e., Zero breakdown) and (iii) Total maintenance delivery system.

98. Write Pareto principle?
Answer;
Italian Sociologist Pareto“s principle is found useful in ,,QC" at every level, Pareto proved after studying the
economic condition of Italy that 80% of the country“s wealth is divided between 20% of the people. This is also
known as 80 — 20 principle. According to this principle if 80% of accidents are according in 20% of factory then
20% factories are having unsafe working procedures. According to Pareto, the important cause are always quite
less in number ,QC" focuses its attention on these less but important problems.

99. List the major phases in production planning and control function.
Answer;

The major phases in production planning and control function: (1) Planning Phase, (2) Action Phase, and (3)
Control Phase.

100. In what way does the objective of ,value engineering” differ from that of ,Value analysis “?
Answer;
Value engineering aims at cost reduction at equivalent performance. It can reduce costs to the extent of 15% to
70% without reducing quality. While value engineering focuses on preproduction design improvement, value
analysis, a related technique, seeks improvements during the production process.
101. What is ,,Bill of Materials“?
Bill of materials is nothing but a document which shows for a given product or sub-unit, the list of materials
required, unit consumption, and location code (for storage). The condition of supply such as “bought-out” or
“made in-house” will also be indicated.
102. What are the different approaches to overcome hurdles in the management of productivity improvements?
Answer;
Different approaches to overcome hurdles in the management of productivity improvements are: (i)
Management by internal motivation (i.e., KAIZEN). (ii) Management by incentives. (iii) Management by fear.
103.‘The principles of motion economy are divided into three groups.’ List the groups.
Answer;
The principles of motion economy are divided into three groups, viz.,
(1) Effective use of the operator
(2) Arrangement of the workplace
(3) Tools and equipment
104.Define Contingency Allowance in Time Study.
Answer;
Contingency Allowance (CA) in Time Study is given for infrequent or non-repetitive activities such as obtaining
special materials from stores, sharpening of tools, getting a special tool from the tool stores, and consultation
with the supervisor. It is usually about 5% of normal or basic time.
105.What are the twin objectives of operations Management?
Answer;
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1. Customer Satisfaction:
2. Optimal Utilization of resource:

106.Define Efficiency?
Answer;
Efficiency is ratio of the actual output of a process relative to some standard efficiency is used to measure the
loss or gain in a process.

107.What is Monte Carlo Simulation?
Answer;
Monte Carlo method is also called computer simulation, it can described as a numerical technique that involves
modeling a stochastic system with the objective of predicting the system“s behavior. The chance element is a
very significant feature of Monte Carlo simulation and this approach can be used when the given process has a
random, or chance, component. In using the Monte Carlo method, a given problem is solved, by simulating the
original data with random number generators.
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10.

11.

2 Mark Problem Questions for Practice;

The demand function of a firm is g = 200 — 10 p and the average cost function is
AC=IU+%. If the firm's objective is to maximize profit, what will be its profit

maximizing output?

A workshop operates on 2 shifts of 8 howrs per day. It has 10 machines. It works for &
days in a week. Machine ufilization is 0% and the efficiency of the machines is 857,
Calcufta the designed/ rated capacity of the waorkshop in standard howrs,

A production manager of a plant must determine the lot size for a parficuolar
component that has a steady demand of 50 vnits per day. The production rate is 200
units per day, Annual demand is 10,000 units, set-vp costis T 200, annval holding cost is
rupee 0L20 per unit and the plant operates 350 days per year. Determine the economic
production lot size.

If a firm sells 14,000 units, its loss is T 40,000, But if it sells 20,000 vnits, its profit is
T 40,000, Calculate Fixed Cost.

Maonthly demand for a component 4,000 units. Setting —wp cost per batch T 120. Cost
of manuvfacture per vnit € 20. Rate of interest 10% P.a. Calculate the EBG.

The time study of a machinery operation recorded cycle fime of 8.0, 7.0 .8.0, .0 and
8.0 minutes. The analyst rated the observed worker as $0%. The firm vses a 0.15
allowance fraction. Compute the standard time.

The demand for three months for 100 watt bulbs is given below:

Period Januvary February March
Demand 1,000 1.200 1,600

If the weight assigned to the period of Janvary, Febrvary and March are 0.25,0.35 and 0.4
respectively, forecast the demand for the month of April by vsing Weighted Moving
Average Method.

A company intends to buy a machine having a capacity to produvce 3,40,000 good
parts per annum. The machine constitutes a part of the total product line. The system
efficiency of the product line is 85%.The machine works for 2,000 houwrs/vear.

Find the system capacity.

The demand for sewing machine was estimated as 1000 per month for 5§ months.
Later on the actual demand was found as 900, 1050, 1000, 1100 and 750 respectively.
Workout Bias.

Monthly demand for a component 8,000 uvnits. Selfing —up cost per batch T 120,
Cost of manufacture per unit T 40, Rate of interest 105 P.a. Calculate the EBG.

The main shaft of an equipment has a very high reliability of 0.980.The equipment
comes from Japan and has a very high downtime cost associated with the failure of
this shaft. This is estimaoted ot 2 crores as the cost of sales lost and other relevant costs,
Howewver, this spare is quoted at T10 lakh at present. Should the shaft spare be
procured along with the equipment and kept or not?
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12.

If a firm sells 14,000 vnits, its loss is T 40,000, But if it sells 20,000 vnits, its profit is
T 40,000, Calculate Fixed Cost.

13.

An 8 hours work measurement study in a plant reveals the following: Units produced =
320 nos. ldle time = 15%. Pedormance rating = 120%. Allowances = 12% of normal
time. Determine the standard time per vnit produced.

14. PTP June

A workshop operates on 2 shifts of 8 hours per day. It has 10 machines. It works for & days in a
week. Machine uvlilization is 0% and the efficiency of the machines is 85%. Calculate the
designed/rated capacity of the workshop in standard hours.

15.

A departmental store has one cashier. During the rush hours, costomers arrive ot a rate of 20
customers per hour. The average nuomber of customers that can be handled by the cashier is 24
per hour, Assume the conditions for use of the single — channel queving model. Find out average
time a customer spends in the system.

16.

A firm operates & days a week on single shift of 8 howrs per day basis. There are 10
machines of the same capacity in the firm. f the machines are uvlilized for 75 percent
of the time at a system efficiency of 80 percent, what is the rated ouvitput in terms of
standard hours per week?

17.

An analyst wants to obtain a cycle time estimate that is within 5% of the true value, A
preliminary ron of 20 cycles took 40 minuites to complete and had a calcuvlated
standard deviation of 0.3 minutes. What is the coefficient of variation to be vsed for
computing the sample size for the forthcoming time study?

18.

Standard time for a task is 8 hours. Calculate the efficiency of a workman in the
following cases:

(i) Worker completes the job in 10 howurs.

(ii) Worker completes the job in & hours.

19.

The demand for sewing machine was estimated as 1000 per month for 5 months.
Later on the actval demand was found as 900, 1050, 1100 and 250, respectively.
Calculate the Tracking Signal.

20.

An assembly line of an item A has the following output in a 10 week period:
Week No 1 2 3 4 5 & 7 B 7 10
Std. hrs
prodvced | 350 375 380 400 300 325 340 370 370 350
Calcuvlate the demonstrated capacity of the assembly line per week.

21.

A firm operates & days a week on single shift of 8 howrs per day basis. There are 10
machines of the same capacity in the firm. If the machines are vlilized for 75 percent of
the time at a system efficiency of 80 percent, what is the roted ouviput in terms of
standard houwrs per week? [2]

22.

A worker works for 8 howrs in each shift, but during that time he had clocked for 7 hours
on the job. Calculate his vlilization. [2]
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25.

26.

27.

28.

29.

30.

31.

Solve the game with the following pay- off matrix. [2]
By By B3 By
A1 7 3 4
Flayer A A:;_ £ & 4 5
Ay |7 2 0 3

For a certain element of work, the basic time is established to be 20 seconds. A time
study observer record rating of 125 on a 100 normal scale. What is the observed fime?

Compute the productivity per machine hour with the following data.

Month Mo, of machines Working Machine hours Froduction
employed Hours Unit
March 400 225 §0,000 9,000

A worker is employed for 12 howrs, During this period he takes 8 houwrs o complete a
job with the standard time of 7 hows. Calculate the productivity of the workers as a
percentage.

A steel plant has a designed capacity of 50,000 tons of steel per day, effective
capacity of 40,000 tons of steel per day and an actual ovtput of 36,000 tons of steel per
day. Compute the efficiency of the plant and its utilisation.

An analyst wants to obtain a cycle time estimate that is within + 5% of the true valve, A
preliminary run of 10 cycles took 50 minuvtes to complete and had a calcuvlated standard
deviation of 0.4 minutes. What is the coefficient of variation to be uvsed for computing the
sample size for the forthcoming time study?

Shin's Car Wash & Dry is an automatic, five-minuvte operafion with a single bay. On a
typical Saturday morning, cars arrive at a mean rate of ten per hour, with amivals tending
to follow a poison distribution. Find the average number of cars in line.

The demand for 100 Walt bulbs in the past 5 months is given as below:

Month Demand
Ajpril 700
May 700
June B00
July &00

Avgust 500

Calculate the moving average for a period of 5 months,

An assembly line of an item A has the following output in a 10 week period:

Week No Standard hours Prodvced
1 350
2 375
K] 380
4 400
5 300
] 325
7 340
a 370
ki 370
10 350

Calculate the demonstrated capacity of the assembly line per week.

CMA Mohammad Asthaf Anathan Mail; cma.asthaf@gmail.com

Mob: 9841537255
9790809900

(Special Revision Note-Dec 2016) Page 68


mailto:cma.asthaf@gmail.com

Bharadwaj Institute Mob: 9841537255
CMA Mohammad Asthaf Anathan 9790809900

32. MTP

A workshop has 30 nos. of identical machines. From the failure pattern of the machines it
is calcuvlated that the expected time before failure is 3 months, It costs 200 to attend a

faoiled machine and rectify the same. Compute the yearly cost of servicing the broken
down machines.

2
33.

A steel plant has a design capacity of 25,000 tons of steel per day. effective capacity of

20,000 tons of steel per day and an acteal owtput of 18,000 tons of steel per day. Compute
the efficiency of the plant and its vtilization.

2]
34.

The main shaft of an equipment has a very high reliability of 0.970. The equipment comes
from Japan and has a high downtime cost associated with the failure of this shaft. This is
estimated at T8 crores as the costs of sales lost and other relevant costs. Howewver, this

spare is quoted at T15 lakhs at present. Should the shaft spare be procured along with the
equipment and kept or nof®
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Match the Following;

Match the terms in Column | with the relevant terms in Column 1. 0.5x8
Column | Colvmn |l

(&) |Benefit of Production Control (i) |Reduced Manufacturing Cost

{B) |Limitations of Linear Programming| (ii) [Model of real phenomenon

(C)|Project Clean-up Phase (iii} |Single Objective and Given Constraints

(D) |Simulation (iv) |Balanced Inventory

(E) |Process Velocity (v) |Voluntary group to identify problems

(F) |Quality Circle (vi) |High reliability and rare requirement

(Z)|Insurance Spares (vii) |Valve-added activities

{H) |Benefit of Work Study (wiii) |Dues are collected

Answer;

[A) [iv)

(B] {iif)

(<] [iii)

(O} (i)

(E) [wii)

(F] [v]

(&) [vi)

(H) {i)

Match List & with List B

List A

List B

a) Load Confrol

Product Mix determination

1)

b} Linear PFrogramming (LF)

2) Transportation Application

c) Vogel's Approximation Method (VAM)

3} Boftleneck Center

Answer;

List A

List B

a) Load Control

1] Bottleneck center

b) Linear Prograrmming (LP]

2] Product Mix determination

c]

Vogel's Approximation Method [VARM)

3] Transportation Application

Match List A with List B [5=1=15]
List A List B
a) 150 1)  Machine Tool
b) WIP 2} A programming language
c) CHC 3) Standardizafion
d) Java 4) A networking peripheral
e) Router 5)  Production confrol
Answer;
List A List B
al 130 1]  Standaordization
b)] WIP 2]  Production contro
c] CHNC 3]  Machine Tool
d] Java 4) A programming longuage
e Router a3l A networking peripheral
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4.

Match the Activity/Operation in Column I with the machine/equipment in Column I1.

I I

A |Feeding coal continuously into the fumace| 1 |Electromagnet
in an Electric Power Station.

B. |Handling crates on Pallets within a| 1 |Electric Arc Fumace
factory.

C. |Moving a heavy load above the machine| 1. |Gravity Chute
on the shop-floor in a workshop.

D. |Transporting fertiliser packed m bags to a| v, |Drnlling Machine
raillway wagon/truck on the ground below.

E. |Making a small deep hole in block ofl v. |Plaining Machine
metal.

F. |Machining a large flat surface on metal vi. |[E.O.T. Crane

G. [Melting steel for making castings. vit. |Fork-lift Truck

H. |Picking up bats of wron and steel m a scrap| viu |Belt Conveyor
ard.

Answer;

A: viii. Belt Conveyor

B: wii.

C:wvi.

Fork-lift Truck
EO.T. Crane

D:iii. Gravity Chute

E:iv.
F:w.

G: ii.
H:i.

Drilling Machine
Planning Machine
Electric Arc Furnace

Electromagnet

Match the product in Column I with the production centre /equipment/ plant in Column II.

I I
A Furnmture 1. Assembly line
B. Hydro-electricity 1. Refinery
C. Television set m. Foundry
D. Cement 1v. Carpentry
E. Rails v.  Smuthy
F. Awiation Fuel vi. Turbo-Alternator
G. Tools vi. Blast Furnace
H. Castings vii. Rotary Kiln
1. Forgmgs x. Rolling Mills
J. Pigron % Machine shop

Answer;
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Matching:

I 1
A Fumniture iv. Carpentry
B. Hydro-electncity vi. Turbo-Alternator
C. Television Set 1 Assembly Line
D. Cement viii. Rotary Kiln
E. Rails . Rolling Mills
F. Awviation Fuel 1.  Refinery
G. Tools x.  Machine Shop
H. Castings 1. Foundry
I Forgings v. Smuthy
J. Piglion vii. Blast Fumace

Match the terms shown under X" with their relevant terms; shown under ™Y".

b 4 Y
a. Ranking Method 1. Method Study
b. Motion Economy 2. Plant Layout
c. Work Sampling 3. Job Evaluation
d. Normal Curve 4. Matenal Handling
e. Use of Templates 5. Inventory Control
f Grawity Chute 6. Statistical Quality Control
g Crashing 7. Network Analysis
h. Replacement 8 Value Analysis
1. Bramnstorming 9 Work Measurement

1. Stock Level

10. Maintenance

Answer;
Matching:

X

a. Ranking Method 3. Job Evaluation

b. Motion Economy 1. Method Study

c. Work Sampling 9. Work Measurement

d. Normal Curve 6. Statistical Quality Control
e. Use of Templates 2. Plant Layout

f Gravity Chute 4. Material Handling

g. Crashing 7. Net work Analysis

h. Replacement 10 Maintenance

1. Bramnstormmng 8. Value Analysis

1. Stock Level 5. Inventory Control
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7.

Match the products in Column I with the production centers in Column IL

I i
(A) Steam (a) Blast Fumace
(B) Electricity (b) Boiler
(C) Steel (c) Generator
(D) Petrol {d) Open Hearth Furnace
(E) Iron (e) Refinery
(F) Cloth (f) Assembly Line
(G) Car (g) Smuthy
(H) Castings {h) Spinning Mill
(I) Cotton Yarn (1) Foundry
(J) Forgings (1) Power Loom
Answer;
Matching;
I I
(A) Steam (b) Boaler
(B) Electncity (c) Generator
(C) Steel (d) Open Hearth Fumnace
(D) Petrol (&) Refinery
(E) Iron (a) Blast Fumace
(F) Cloth (1) Power Loom
(G) Car (f) Assembly Line
{(H) Castings (1) Foundry
{I) Cotton Yarn (h) Spinning Mill
(J) Forgmngs (g) Sothy
I I

A Fork lift Truck

(a) move bulk material continuously

B. Iib crane

{b) move heavy loads over rectangular area

C. Belt Conveyor

(c) move heavy loads within a circular area

D. Electric Overhead Travelling crane

(d) move loads down

E. Gravity Chute

(e) move palletised unit loads

Answer
Matching Particular
A—e Fork lift Trucks move Palletised unit loads.
B—a Jib cranes move bulk matenal continuously.
C—c Belt Conveyors move heavy loads within a circula area.
D—b Electric Overhead Travelling (EOT) cranes move heavy loads over
rectangular area.
E—d Gravity Chutes move loads down.
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10.

Given below are two lists—list ‘A’ containing 11 abbreviations and list ‘B’ containing various functional
areas associated with production management. Expand the abbreviations and match them with the

corresponding functional areas.

List “A’ List ‘B’

LP Capacity planning

PERT Quality control

MTM Project funding

VA Project viability checking

CEAFT Inventory management

SRAC Product design

MRP Cost control

CBA Product nux determination

CAD Plant layout

IFCI Project planning

ADQ Work measurement

Answer;
List ‘A" |Expansion Matching with List ‘B’
LP Linear Programming Product mix determination
PERT |Programme Evaluation and Review Techmique |Project plannming
MIM  [Methods Time measurement Work measurement
VA Value Analysis Cost control
CRAFT |Computerised Relative Allocation of Facilities|Plant layout
Technique

SFEAC [Short Run Average Cost Capacity planning
MRP  [Materials Requirement Inventory management
CBA  |Cost Benefit Analysis Project viability checking
CAD  |Computer Aided Design Product design
IFCI Industrial Finance Corporation of India Project funding
AOQ  |Average outgoing Quality Quality control

Match the terms shown under X' with the relevant terms shown under 7Y".

X b

(1) Foundry (a) Gearbox

(1)  |Machine shop (b) Value Analysis

(1) |Bramnstormung {c) Electrode

(1v) |[Automobile (d) Lathe

(v) |Forge Shop (e) Cupola

(vi) |Welding (f) Power Hammer

(vi1) |Heat Treatment (g) Rubber

(vin) |Tyre Plant (h) Hardeming

(ix) |Assembly line (1) Go-No Go gauge

(x) |Inspectionl (1) Conveyor
Answer ;
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X Y
(i) Foundry {e) Cupola
(1) Machine Shop {(d) Lathe
(i11) Brainstorming (b) Value Analysis
(iv) Automobile {a) Gearbox
(v) Forge Shop (f) Power Hammer
(vi) Welding (c) Electrode
(v11) Heat Treatment (h) Hardeming
(vi11) Tyre Plant (g) Rubber
(ix) Assembly Line {1) Conveyor
(x) Inspection (1) Go-No Go Gauge

11.
1 I
(a) UCL (1)  Work Measurement
(b) MTM (1)  Project Management
(c) CPM (111) Public Sector
(d) LP {tv) Quality Control
(e} BIS (v) Optimisation
(f)y FIFO (vi) Standardisation
(g) MIBF (vi1) Reliability
(h) BPE (vii1) Inventory Management
(1) WIP (ix) Cost Accounting
(1) VOH (x)  Production Control
Answer
{a) UCL (1v) Quality Control
(h) MTM (1)  Work Measurement
(c) CPM (11)  Project Management
(d LP (v) Optinisation
(e) BIS (vi) Standardisation
(f) FIFO (vi1) Inventory Management
(g) MTBF (vi1) Reliability
(h) BPE (111) Public Sector
(i) WIP (x) Production Control
(1) VOH (zx) Cost Accounting
12.
List A ListB
LP Product design
PERT Quality control
MTM Project funding
VA Project viability checkang
CEAFT Inventory management
MRP Cost control
CBA Product-mix determination
CAD Plant layout
IFCI Project Planning
ADQ Work measurement
Answer;
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(i) LP — Linear Programming — Product mix determination.

(i) PERT — Programme Evaluation and Review Technique — Project planning.

(iii} MTM — Methods Time Measurement — Work measurement.

{iv) VA — Value Analysis — Cost control.

{v) CRAFT — Computerised Relative Allocation of Facilities Techniques — Plant layout.
{vi) MRP — Materials Requirement Planning — Inventory management.

{vii) CBA — Cost Benefits Analysis — Project Viability checking.

{viii)CAD — Computer Aided (or Assisted) Design — Product Design.

{xi) TFCI — Industrial Finance Corporation of India — Project funding.

{(x) AOQ — Average outgoing Quality — Quality control.

13.
Match the terms in column 1 with the relevant terms in column 11
I I
@ IS0 1) Work Study
(b) PBT (1) Inventory Control
(c) CNC (111) Standardisation
(d) IJT (1v) Profitability
(e) PMIS (v) Machmne Tool
(fi ESI (vi) Computer Programme
(g) COBOL (vi1) Public Sector
(h) ITI (vi) Welfare
(1) CPM (ix) Employee Relations
) IR (x) Project Management
Answer;
Answer
(a) ISO (111)  Standardisation
(b) PBT (1v) Profitability
(c) CNC (v)  Machine Tool
(dy T (1) Inventory Control
(e) PMTS (1)  Work Study
(fy ESI (vin) Welfare
(g) COBOL (vi) Computer Programme
(h) ITI {(vi1) Public Sector
(1) CPM (x)  Project Management
1 IR (ix) Employee Relations
14.

Expand the following 10 abbreviations indicated in column X and then match the same with the most
appropriate one indicated in Column Y on the right-hand side.

X Y
SPT Standardisation
ICICI Labour related standards
ABC Scheduling
IS0 Tax based on cost of additional processing
PPC Venture Capital
LCL Machines used for producing a class of products
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SPM Manufacturing planning and monitoring
VAT Marketing strategy
USP Statistical Quality Control
ILO Classification based on annual usage value
Answer;
SPT Shortest Processing Time — Scheduling
ICICI Industrial Credit and Investment Corporation of India — Venture
Capital
ABC Always Better Control — Classification based on annual usage value
IS0 International Standards Organisation — Standardisation
PPC Production Planning and Control — Manufacturing planming and
momtorng
LCL Lower Control Limit — Statistical Quality Control
SPM Special Purpose Machine Tools — Machines for producing a class of]
products
VAT Value Added Tax — Tax based on additional Cost of processing
USP Unique Selling Proposition — Marketing strategy
.o International Labour Orgamzation — Labour related standards
15.
Match each of the words in column I with the most appropriate ones from column II:
I I
{A) Foundry {a) Gauge
(B) Smmthy {b) Conveyor
(C) Machine shop (c) Mould
(D) Welding (d) Forge
(E) Heat treatment {e) Lathe
(F) Assembly line (f) Microscope
{G) Inspection (g) Stacker
(H) Laboratory (h) Furnace
(I} Design office (1) Electrode
(J) Warehouse {7) Pantograph
Answer;
I I
(A) Foundry (c) Mould
(B) Smmthy (d) Forge
(C) Machine shop (e) Lathe
(D) Welding (1) Electrode
(E) Heat treatment. {h) Furnace
(F) Assembly line (b) Conveyor
(G) Inspection (a) Gauge
(H) Laboratory (1) Microscope
(I) Design office (1) Pantograph
(J) Warehouse {g) Stacker
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Problems;

Decision on Selection of Machine and Identification of Bottleneck;

1. Selection between Alternative Machines and Break Even Point;

Machines £ and L, both copable of manufacturng an industrial product, compare as follows:

Machine K Machine L
Inwestrment 40,000 1,000,000
Interest on bomowed capital 15% 15%
Cperating cost (wages, power, etc.) per hour T2 T10
Production per hour & pieces 10 pieces

The factory whose overhead costs are 1.20,000 wons effectively for 4,000 hours in 2 shifts during

the vear.

(1} Justify with appropriate caolculations which of the two machines you would choose for regular
production.

(i) If only 4000 pieces are to be produced in a year, which machine would give the lower cost per
piece.

(i) For how many pieces of production per yvear would the cost of production be same on either

machine? [For above compansons, the cost of matenal may be excluded as being the same on
haoth mochines |

2. Selection of Machine

Machines A and B are both capable of manufacturng a product. They compare as follows:

Particulars Machine A Machine B
Investrnent 50,000 TE0,000
Interest on capital invested 1.5% per annum 15% per annum
Houry charges (wages + power) T10 0
Ma. of pieces produced per hour 5 8
Annual operating hours 2,000 2,000

(il Which machine will have the lower cost per unit of ocutput, if run for the whole years
) K onh 4,000 pieces are to be produced ina year, which machine would have the lower cost per piecet

(] Will your answer to (i) above guery if vou are informed that 12.5% of the output of machine B-gets
rejected at the inspection stage. If so, what would be the new solution?

3. Break Even Quantity
Calculate the break-even point for the fallowing:

Produchon Manager of a unit wants to know fromm what quantity he can use auvtormatic machine
against semi-automatic machine.

Data Avtomatic Semi-avtomatic
Time for the jolo 2mits 2 mits
Setup time 2 hrs 1.5 hirs
Cost per hour T20 12

4. Determination of no. of Machines required;(CMA Inter June 2015 Similar)

A department works on 8 hours shift, 250 days a year and has the usage data of a machine, as
aiven below:

Product Annval demand (units) Processing time
(standard time in hours)
X 300 40
Y 400 &0
z S00 30

Determine the number of machines reguired.
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5. Break-Even Point

A manager has fo decide about the number of machines to be purchased. He has three options i.e..
purchasing one, or hwo or three machines. The data are given below.

Number of machine Annuval fixed cost (T) Comesponding range of output
One 12,000 0 to 300

Two 135,000 301 to 400

Three 21,000 &01 to 700

Varable cost iz T20 per unit and revenue is T30 per unit

(a]l Determine the break-even point for each range

(B] I projected demand iz between 800 and 430 units how many machines should the manoger
purchase?

6. Selection of Set-up for Manufacture;

Two alternative set-ups, A and B are available for the manufacture of a component on a particular
machine, where the operating cost per hour is T20.

Particulars Set-up A Set-up B
Components/set-up 4,000 pieces 3,000 pieces
Set-up cost T 300 T1300
Production rate/hour 10 pieces 15 pieces

Which of these set-ups should be used for long range and economic productions
7. ldentification of Bottleneck with System Capacity and efficiency (CMA Inter 2009)

A, firm hos four work centres, A, B, C & D, in senes with individual capaocities in units per day shown in
the figure below.

Raw Actual
material » A o B o C o D * output
(450) (360] (340) (400] (200)

(il ldentify the bottle neck centre.

i)  Whatis the system capacity€

(]  What is the system efficiency?
8. Bottleneck Production Quantity

A department of o company has to process a large number of components/month. The process
equipment time required s 36 minutes/compornent, whereas the requirement of an imported process
chemical is 1.2 litres/component. The manual skilled manpowsr reguired iz 12 minutes/component for
paolishing and cleaning. The following additional data is available:

Availability/month

Efficiency of ufilisation

Equipment hour 200 83%
Imported chemicals - Litres 1000 25%
Skiled manpower - hours 250 G3%

(il Whatis the maxirmum possible production under the cument conditions?

(i) If skiled man-power availabkility is increased by overtime by 20%, what will be the impact on

production increase?
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Replacement;

9.

The following table gives the running costs per year and resale values of a certain egquipment

whose purchase price is ¥ 46,500, At what yvear is the replacement due optimally.

Year

1

2

3

4

3

&

7

8

Running Cost (%)

1,400

1,500

1.700

2,000

2,400

2,800

3,300

3,200

Resale Value (%)

4,000

3,000

2,200

1,700

1,300

1,000

1,000

1,000

10.

A truck-owner finds from his past expenence that the maintenance costs are ¥ 200 for the first year and then
ncrease by $2,000 every year. The cost of the Truck Type A i ¥7,000. Determine the best age at which to
replace, i.e. truck. If the optimum replacement is followed what will be the average veardy cost of owing and
operating the Truck? Truck Type B cost ¥ 10,000, Annual operating costs are §400 for the first vear and then
increase oy ¥800 every yvear. The Truck owner have now the Truck Type A which s one yvear old. Should it be
replaced with B type, and if 5o, whent

11.

The data on the operating costs per year and resale pnces of equipment A whose purchase price is
F10,000 are given here:

12.

Year

1

2

3

4

3

7

Operating Cost [T)

1,500

1,200

2,300

2,200

3,600

4,500

5,500

Resale Value (%)

5,000

2,500

1,250

400

400

400

400

(a)
(k]

What iz the optimum pernod for replacements

When equipment A is 2 years old, eguipment B, which is o new model for the same usage,

iz availlable. The optimum pericod for replacement is 4 years with an average cost of ¥3,400.
Should we change equipment A with that of B2 If so, when?

A firm has a machine whose purchose price is $20,000. iz maintenance cost and resale price at the

end of different years are as given here:

Year

2

3

4

5

Maintenance Cost

1,500

1,700

2,000

2,500

3,200

5,500

Fesale Prce

17,000

15,300

14,000

12,000

8,000

3,000

Obtain the economic Iife of the machine and the minimum average cost.

(a)

(b] The firm has obtained a contract to supply the goods produced by the machine, for a period
of 5 yvears from now. After this time perod, the firm does not infend to use the machine. If the
firm has a machine of this type that is one year old, what replacement policy should it adopt

if it intends to replace the machine not more than once?
13.

A machine X costs 5,000, Its maintenance cost is 1,000 in each of the first four years and then it
increases by 200 every year. Assuming that the machine has no salvage value and the maintenance
costisincurred in the beginning of each year, determine the optimal replacement time for the machine
assuming that the time value of money s 10% p.a.

14.

Following failure rates have been observed for a certain type of ight bulbs:

Week 1 2 3 4 5
10 25 50 a0 100

There are 1,000 bulbs in use, and it costs ¥ 2 to replace an individual bulo which has bumnt out. If all bulbs
were replaced simultaneously it would cost £ 50 paiza per bule. It s proposed to replace all bulbs at fixed
intervals of time, whether or not they have burmt out, and to continue replacing burnt out bulbs as and
when they fal. At what intervals all the bulbs should be replaced? At what group replacement price per
bulb would a policy of stictly individual replacement become preferable to the adopted policy?

Per cent failing by the end of week:
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15.

An electnc company which generates and distnbutes elecincity conducted a study on the life of poles. The
repatriate life data are given in the following takle:

Life data of electrc poles

Year after installation: 1 2 3 4 3 & 7 & ki 10
Percentage poles failing: 1 2 3 ] 7 12 20 30 14 4
[i}  If the Company now installs 5,000 poles and follows a policy of replacing poles only when they fail,

how many poles are expected to be replaced each year during the next ten years?

To simplify the computation assume that failures cccur and replacements are made only at the end of
a year.

[i] If the cost of replacing individually is $140 per pole and if we have a common group replocement
policy it costs 80 per pole, find out the optimal penod for group replacement.

16.
Suppose that a special purpose type of light bulb never lasts longer than 2 weeks. There 1= a
chance of 0.3 that a bulb will fail at the end of the first week. There are 100 new bulbs inifially. The cost per
bulb for individual replacement i ¥ 1 and the cost per bulb for a group replacement is § 0.50. It i
cheapest to replace all bulbs: (i) individually, (i) every week, (i) every second week, [iv] every third
week?t

Staff Replacement;
17.

Problems conceming recruitment and promotion of staff can sometime:s be analysed in a manner similar
to that used In replacement problems in indushny.

A faculty in a college is planned to nse to strenath of 50 staff members and then to remain at that level.
The wastage of recruits depends upon their length of service and = as follows:

Year 1 2 3 4 3 & 7 5] g 10
Total % who left up to: 5 35 56 &5 70 76 80 86 25 100
the end of year

(1 Find the number of staff memberns to be recruited every yvear.

(i}  If there are seven posts of Head of Deptt. for which length of service s the only cretenon of promotion,

what will be average length of service after which a new entrant should expect promotion?

18.
A company plans to have a strength of 80 sales persons over time. The people employed by the
company leave their job, the distribution of which s azsumed fo be as follows:

Year 1 2 3 4 5 & 7 8 9 10 11 12

% Expected 3 18 33 45 62 75 88 0 95 96 9% | 100
to Leave by
End of Period

Using this infoarmation, answer the following guestions -
What recruitment level per annum would be necessary to maintain this strength 2
Capacity Utilization;
19.

A worker works for & hours in each shift, but during that time he had clocked for 7 hours on the job.
Calculate his utilization.

20.

Standard time for a task iz 8 hours. Calculate the efficiency of a workman in the following cases:
(a) Worker completes the job in 10 hours.
(b] Worker completes the job in & hours.

21.

A workshop operates on 2 shifts of 8 hours per day. It has 10 maochines. It works for 5 days in o week.
Machine utilization iz 0% and the efficiency of the mochines is §5%. Calcutta the designed/ rated
capacity of the workshop in standard hours.
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22.
An assembly ine of an item A has the following output in a 10 week perod:
Week No Standard hours produced
1 350
2 373
3 380
4 400
5 300
& 325
7 340
8 370
g 390
10 350
Calculate the demorstrated capacity of the assemioly ine perweek.
23.
A manufacturing company has a product ine consisting of five work stations in senes. The individual
wiorkstation copacities are given. The actual output of the line is 300 units per shift.
Calculate (i) System capacity (i) Efficiency of the production line
Workstation no. A B C D E
Capacity/shift &00 &30 &30 250 &00
24.
Penelope and Peter Legume own a small accounting service and one persconal computer. If their
customers keep organized records, either of the owners can use the computer to prepare one tax
return per hour, on average. Dunng the first two weeks of Apnl, both Legumes work seven 1 2-hour shifts.
This allows them to use their computer around the clock.
a. Whatis the peak capacity, measured in tax returns per week?
b, The Legumes normally operate from 9 AM. to 7 PM., five doys per wesk. What is their effective
capacity, measured in tox refums per week?
<. During the third week of January, the legumes processed 40 tax returns. What is their utilzation, as
percentage of effective capacity?
25.
You have been asked to put together a capacity plan for a critical bottleneck operation at the Surefoot
Sandal Company. Your capacity measure is number of machines. Three products (men’s, women's
and children's sandals) are manufactured. The time stondards [processing and setup). lot sizes, and
demand forecasts are given in the following table. The firm operates two 8-hour shifts, 5 days per week,
S0 weeks per yvear. Expenence shows that a capacity cushion of 5 percent is sufficient.
Time Standards
Product Processing Setup Lot Size Demand Forecast
(hr/ pair) {hr/lot) (pair/lot) {pairs,/yr)
Men's sandals 0.05 0.5 240 80,000
Women's sandals 010 22 180 &0,000
Children's sandals 002 3.8 340 1,20,000
a. How many machines are needed?
b.  If the operation curently has hwo machines, what is the capacity gap?
26.

A deparment of a company has fo process a large number of components/month. The
process equipment fime required is 30 minuvtes/component and the manuval skilled
manpower required is 10 minutes/component. The following addifional dota is

available:
Availability/'month | Efficiency of uilization
Equipment hour 400 B0
Skilled manpower-hours 250 §5%

What is the maximum possible preduction under the corent conditions?
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27.
The following data are available for a manuvfacturing vnit:
Mo, of operators 20
Daily working hours B
Mo. of days per month 24
Std. production per month 300 wnits
$td. Labour hours per unit B

The following information was obtained for June 2014:

Man days lost dve to absenteeism 29
Unit produced 230
Idle Time 280 man hours
You are required to calculate the following: 2xd4=8

(a) Percent absenteeism
(b) Efficiency of utilisation of labour
(c) Productive efficiency of labour

(d) Owerall prodoctivity of labour in terms of units prodvced per man per
month.

Costing Problems;

28.
An item is produced in a plant having a fixed cost of T 4,000 per month, variable cost of £2 perunit and
a seling price of 7 perunit. Determine
(al The oreak-even volume.
(2] I 1000 units are produced and sold in a month, what would be the profite
(c) How many units should be produced to earn a profit of T 4,000 per month?
29.
It a firm sells 5000 wnits, its loss is T 10,000, But if i sells 000 units, its profit is T10,000,
Calcvlate its (i) Fixed Cost: (i) BEP. 2
30.
Location A would result in annval fixed costs of ¥ 350,000 variable costs of T 63
per unit and revenuves T 70 per uvnit, Annval fixed costs at location B are
T7.70,000 variable costs are T 32 per unit and revenuves are T 45 per vnit.
Sales volume is estimated to be 30,000 units/year. Calculate BEP for each
location and determine which location will be attractive. J+4=7
31.

Monthly demand for a component 8,000 units. Setting —up cost per batch T 120,
Cost of manufacture per unit T 40, Rate of interest 105 P.a. Calculate the EBG.

Work Study and Standard Time;

32.
The time study of a machinery operation recorded cycle times of 8.0, 7.0, 5.0 and 7.0 minutes. The
analyst rated the cbserved worker as F0%. The firm uses a (.15 allowance fracton. Compute the
standard tirme.

33.

An 8 hours work measurement study in a plant reveals the following: Units produced = 320 nos. Idle time
= 15%. Performance rating = 120%. Allowances =12% of normal fime. Determine the standard ime per
unit produced.
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34.
For a certain element of work, the basic time is established to be 20 seconds. If for three observations,
a time study observer records ratings of 100, 125 and 80 respectively, on a Y 100-nomal scals”, what
are the ckhserved timings?

35.
Calculate the standard production per shift of § hours duration, with the following data. Observed time
per unit = 5 minutes, Rating factor - 120%
Total alowaornces = 33%% of narmal fime.

36.

Aowork study practitoner who conducted a work sampling study assesses the activity level of a waorker
to be 70%. During the space of 8 hours working, this worker turns out 320 components. If the company
policy iz to inflate the normal time arived at by work sampling study by 20%, what should be the
allowed time per unite

37 Calculate the standard time per article produced from the following data obtained by a work sampling
study.
Total ne. of observations = 2,500 Mo. of working cbservations = 2,100
Mo, of units produced in 100 hours duration = 4,000 numbers
Proportion of manual labouwr = 2/3
Proportion of machine fime = 1/3
Observed rating factor = 115%
Total allowances = 12% of nomnal time
38.

The work-study engineer carries out the work sampling study for 120 hours. The following observations
were made for a machine shop:

Total number of observations 7000
No. of Idle activitics 1200
Ratio between manual to machine elements 3:1
Average rating factor 120%

Total number of jobs produced during study 800 units

Rest and personal allowances 17%

Compute the standard time for the job. 6
39.
An analyst wants to obtain a cycle fime estimate that is within £ 5% of the frue value. A prelminary run of

20 cycles took 40 minutes to complete and hod o colculaoted standard deviation of 0.3 minutes. What
is the coefficient of vanation to ke used for computing the sample sze for the forthcoming time study?

40.
Compute the production cost per piece from the following data,
(i) Direct matenal per piece - 2
i) Wage rate T 2,000 per month consisting of 25 working days and & hours per day.
i) Owerheads expressed as a percentage of direct labour cost - 200%.

[iv] The time for manufacture of 4 pieces of the item was observed dunng time study. The manufacture
of the item consists of 4 elementz a, b, ¢ and d. The data collected durnng the time study are as
under. Time observed (in minutes) during the various cycles are as below:

Element Cycle 1 Cycle 2 Cycle 3 Cycle 4 Element rating on B.5. Scale
{0-1 00
a 1.2 1.3 1.3 1.4 83
b 07 0.6 0.65 075 120
C 1.4 1.3 1.3 12 S0
d 0.5 0.5 L& 0.4 70

The personal, fatigue and delay allowance may be taken as 25%.
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41.

Premalbal undertakes kniting of sweaters for various shops. She has several helping hands who, besides
knitting ako cary out cleaning, dizentangling woollen thread, measuring and cutting, sewing and
customer contact activities. Hema, an enthusiastic industrial engineer, did an activities sampling (work
sampling) study and came up with the following data:

Activity No. of Observations
Enitting 120
Cleaning 40
Disentangling 74
Measunng and Cutting 20
Sewing 20
Speaking to Custormers 25
Total Me. of Observations @

Herma rated the help she had coserved at 935 for the disentangling activity and 100 for the knitting
activity. If at the end of the four-day (3é work hours) study, Hema found that the helping hand had
dizentangled 2.3 kg of woollen thread and knited a two meterdength equivalent, what are the
standard times for these activities? Take total allowaonces at 25 per cent.

If Premabai gives the work of disentangling woollen thread to a helper for four hours, how much wool
should be disentangled®

42.

Sonar Gold Felds miners at 10th level have an accepted production standard of twe trolley-loads an
hour in an eight-hour working day. In addition to the mining of the gold-beanng soil, the miners have
to do a few routine jobs such as cleaning, sharpening and maintaining the tools, for which they are
paid a wage of T per hour upto a maximum of two hours per day. The base wage rate of the miners
engaged in production/mining job is 540 per hour.

If Subrato, a miner, produced 18 frolleydoads in addition to performing his routine tasks, what wages
should he get at the end of the day®
43,

A manufactuning enterprise has infroduced a bonus systermn of wage payment on a slab-rate based on
cost of production towards labour and overheads.

The slab-rate being

Between 1% - 10% Saving in production cost <% of saving
Between 11%-20% Saving in production cost 15%
Between 21%-40% Saving in production cost J0%
Between 41%-70% Saving in production cost A40%
Above 70% Saving in production cost S0%

The rate per hour for three workers A, B, C are T3, ¥5.50 and F5.25 respectively. The overhead recovery
rate iz 500% of production wages and the matenal cost is ¥40 per unit. The standard cost of production
per unit is determined at 140 per unit.

If the time taken by A, B, C to finish 10 units is 26 hours, 30 hours and 14 hours respectively, what iz the
amount of bonus eamed by the individual workers and actual cost of production per unit?

44,

In a work sampling study, a mechanic was found to idle for 20% of the time. Find out the number of
ocbservation needed fo conform to the above figures with a confidence level of 75% and a relative
emor level by £ 5%.

45.

A work sampling study is fo be made of a typist pool. It = felt that typists are idle 30 percent of the item.
How many coservations should be made in order to have 5.9% confidence that accuracy is within =4%.

46.

A job hos been time standard for 20 observations. The mean actual fime waos 383 minutes and the
standard deviation of the fime is estimated to be 2 04 minutes. How many fotal cbservations should be
taken for 75% confidence that the mean actual ime has been determined within 10%2
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47.
A work sampling stedy was performed on the activities of the customer care

execulives in a service organization. The ocbservations are as vnder?

Activiby Mo. of observations
Al 250
A2 &0
A3 100
Ad 160
AL 50
Ab &0
AT 50
AB 70
Total 800

The management of the organisation plans to eliminate activity “A4" by
acquiring an EDP system. This, it is felt, will enable the executives’ fime to be
better ulilised. While the executives’ salary on an average is T 4,000 per month
(25 working days). the volume of their time ulilised (i.e., for more customer-care)
is put at three times what their salary reflects. There are 200 execulives in the
organizafion and the EDP system is going fo cost ¥ 75,000 a month covering the
initial investment as well as operation expenses. Should the organisation go in
for the EDP system? &
48.

Calculate the standard time per article produced from the following data obtained by a work sampling
study: 7
Total No. of observations = 2597

No. of working observations = 2000

No. of units produced in 100 hours duration = 5000 numbers

Proportion of manual labour = %

Proportion of machine time = 4

Observed rating factor = 120%

Total allowances = 15% of normal time

Queuing
49,

Customers amve at a bakery at an average rate of 14 per hour on weekday momings. The amval distilbution
can be descrbed by a Poisson distribution with a mean of 14, Bach clerk can serve a customerin an average
of three minutes; this time can be descrbed by an exponential distrioution with a mean of 3.0 minutes.

a. What are the amval and service rates?
b. Compute the average number of customers being served at any ime.

<. Suppose it hos been determined that the averages numboer of customes waiting inline iz 3.2. compute
the average numkber of customers in the system (i.e., waiting in line or being served), the average time
customers wait in ine, and the average time in the system.

d. Determine the system utiization for M = 1,2, and 3 servers.

50.
An airine is planning to open a satellite ticket desk in o new shopping plaza, staffed by one ticket agent.
It is estimated that requests for tickets and information will average 15 per hour, and reguests will have a
Poizson distnbution. Service time is assumed to be exponentially distriouted. Previous experience with similar
satelite operations suggests that mean service time should average about three minutes per request.

Determine sach of the following:

a. Systemn utilization.

. Percentoge of fime the server (agent) will be idle.

c. The expected number of customers waiting to be served.
d. The average time customers will spend in the system.

The probakility of zero customers in the system and the probability of four customers in the system.
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51.

Wanda's Car Wash & Cry is an automatic, five-minute operation with a single bay. One a typical Saturday
rmorming, cars arve at a mean rate of eight per hour, with amvals tending to follow a Poisson distrbution. Aind

a. The average numloer of cars in line.
b. The average time cars spend in ine and service.

52.

Shin's Car Wash & Dry is an avtomatic, five-minute operation with a single bay. On a
typical Saturday moming, cars amve at a mean rate of ten per howr, with amivals fending

o follow a Poisson disfibution. Find the averaae number of carsin line.

Forecasting & Statistics

The demand for sewing machine was estimated as 1000 per month for 3 months. Later on the actual
demand was found as $00, 1050, 1000,1100 and 930, respectively. Workout MAD and Bias. Analyze whether

Calculate the value of Tracking Signal for the demand overcast of sewing machine based on the actual
demand data given in lllustration 1. State if the forecast for the demand of the sewing machines is under

The following data on the exports of an tem by a company durnng the vanous years fit a straight line, (for
the time being, assume that a straight ine gives a good fit). Give a forecast for the years 2014 and 2015.

Year Nao. of items ('000)
2005 13
2004 20
2007 20
2008 28
2009 a0
2010 a2
2011 23
2012 28
2013 43

53.
the forecast made was accurate.
54.
control.
55.
56.

Calculate the frend valves by the method of least squares from the date given
below and estimate the sales demand of milk for the year 2015-2014.

Year

2008-09

2009-10

2010-11

2011-12  2012-13 | 2013-14

Sale of milk (in
lakh litres)

20

25

27

35 s 41

5
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57.

The demand for colour TV sets has been nzing rapidly since colour transmission was introduced in 2003, The

following data are for one of the metropolitan cities. At a guadratic curve to the data and forecast the
demand during yvears 2012, 2013, 2014, 2015 and 2014,

Year Demand ('000)
2003 25
2004 a5
2005 50
2004 &3
2007 83
2008 115
2005 150
2010 205
201 285

58. Regression

Following is the data obtained from the Bureau of Industrial Costs and Prices. Have the prices kept pace
with the rnsing costs?

2004 05 D& a7 08 09 10 11 12
Costs per unit of output 202 214 223 239 248 253 279 301 311
Price of final output 225 242 2a0 271 275 277 295 218 329

Repairs and Maintenance;

59.

PGR company has kept records of breakdowns of its machines for 300 days work yvear as shown below:

Nao. of breakdown Frequency in days
0 40
1 150
70
30
10
300

PN S

The firm estimates that each breakdown costs § 450 aond iz considerng adopting a preventive
maintenance program which would cost ¥ 200 per day and lmit the number of breakdown to an

average of one per day. What is the expected annual savings from preventive maintenance program®
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60.
The number of breakdowns of equipment over the past 2 year: is as below :
Mo, of breakdowns Mo. of month this cccumed
0 3
1 7
9 g
3 3
4 2
Total 24

Each break down costs an average of ¥ 300. Preventive maintenance service can be hired at a cost of
# 130 per month and it will limit the breakdowns to an average of one per month. Which maintenance
amrangement is preferable, the curent breakdown maintenance policy or a preventive maintenance
service contract?

Sequence in Machine;

61.
In o factory, there are six jobs to perform, each of which should go through two machines A and B, in the
order AB. The processing timings (in hours) for the jobs are given here. You are reguired to determine the
seguence for performing the jobs that would minimise the total elapsed time, T. What is the value of T
lob Machine A Machine B
1 7 2
2 4 ]
2 2 &
4 3 &
3 9 4
& 8 1
62.

The maintenance crew of a company is divided in two groups, C, and C,, which cares for the
maintenance of the machines. Crew C1 is responsible for replacement of parts which are worn out
while crew C, oils and resets the machines hack for operation. The times required by crews C, and
C, on different machines which need working on them are given as follows:

) Maintenance Time (Hrs.)
Machine Crew C, Crew C,
M, & 5
M, & 3
M, 10 7
M, 11 12
M, 10 8
M, 14 é
M, 4 7

nwhat order should the machines be handled by crews C, and C, so that the total time taken is minimised?
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63.

A company plans to fill six positions. Since the positions are known to vary considerably with respect to
skill and responsibility, different types of aptlitude tests and interviews are required for each. While the
aptitude tests are conducted by people from the clencal paositions, the lob interviews are held by the
personnel from the management cadre. The job interviews immediately follow the aptitude test. The time
required [in minutes) by each of the positions is given here,

Position F, P, P, P P, P

3 2 2 5 &
Aptitude Test 140 180 150 200 170 100
Job Interview 70 120 110 80 100 20

[f it is desired to minimise the waiting time of the management personnel, in what order the position filling
e handled®

64.
A firm works 40 hours a week and has a capacity of overtime work to the extern of 20 hours in o week.
[t has receved seven orders to be processed on three machines A, B, and C, in the order A, B, C 1o be
delivered in a week's time from now. The process times (in hours) are recorded in the given table:-
Job : 1 2 2 4 3 & 7
Machine A 7 8 é & 7 8 5
Machine B : 2 2 1 3 3 2 4
Machine C & 3 4 4 2 1 3
The manager, who, in fairmess, insists on performing the jobs in the sequence in which they are received, i
refusing to accept an eighth order, which requires 7, 2, and 35 hours respectively on A, B and € machines,
because, according to him, the eight jobs would require a total of 41 hours for processing, which exceeds
the firm's capacity. Advise him.
OR Part;
Simulation;
65.

In a simulation operation, a firm’s maintenance person received requests for
service and provided service during an 8 hour period as shown below:

Request Amival Time Service Time
{Clock Time) {Howurs)
0.00 1.0
0.30 1.0
2.00 1.5
3.00 1.5
6,30 0.5

The maintenance labouwr cost is T150 per howr, and the delay time cost is T500
per hour. Find:

(&) The idle time cost for the maintenance person, and

(B) The delay time cost for the machinery. 5
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66.

67.

68.

Dr_Strong is a dentist who schedules all her patients for 30-minutes appointments. Some of the patients take
more of less than 30 minutes depending on the type of dental work to be done. The following summnary
shows the vanous cotegones of work, their probakilitie: and the time actually nesded to complete the work.

Category Time Required Probability of Category
Rilling 45 Minutes 0.40
Crown A0 Minutes 013
Cleaning 15 Minutes 015
Bxraction 45 Minutes 010
Check-up 15 Minutes 0.20

Simulate the dentist's clinic for four hours and detemine average waiting time for the patients as well as
the idleness of the doctor. Assume that all the pafients show up at the clinic at exactly their scheduled
arrival fime starting at 8 a.m. Use the felowing randoem numbers for handling the above problem: 40, 82,
11, 34, 25, &6, 17, 79.

A company manufactures around 150 mopeds. The daily production vanes from 1446 to 154 depending
upon the availability of raw matenals and other working conditions.

Production per Day | Probability
144 0.04
147 0.0%
148 0.12
14% 0.14
150 0.1
151 0.10
152 0.20
153 012
154 0.08

The finished mopeds are transported in a specially aranged lormy accommodating only 150 mopeds. Using
following random numbers 80, 81, 74, 75, 64, 43, 18, 26, 10, 12, 43, 48, 47, 41, 57, simulate the process to find
out:

(il  what will be the average number of mopeds waiting in the factory?

(i)  what will be the average number of empty spaces on the lomy?

The Tit-Fit 3cientific Labonatones s engaged in producing different types of high class eguipment for use in
science laboratories. The company has two different assembly lines to produce its most populor product
‘Pressurex’. The processing time for each of the assembly lines is regarded as o random varable and is
described by the following distributions.

Process Time (minutes) Assembly A Assembly A,
10 Q.10 0.20
11 015 0.40
12 0.40 0.20
13 025 0.15
14 Q.10 0.05

Using the folowing random numlbers, generate data on the process times for 15 units of the itern and compute
the expected process ime for the product. For the purpose, read the numbers vertically taking the first two
digits for the processing fime on assembly A, and the last two digits for processing fime on assembly A

4134 8342 3402 7a05 7428
7474 1183 445 00a9 3424
4943 1913 5413 0380 P07
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69.

In asimulated operation, a firm's maintenance crew received requests for service and provided service
during an 8 hour period as shown below -

Request amival (clock) fime Service time (hours)
0.00 1.5
1.00 0.5
3.30 20
4.00 0.5
7.00 1.0

The maintenance labour cost is § 140 per hour and the delay time cost is § 430 per hour.
(a) Find the idle fime cost for the maintenance crew.
(b] Find the delay time cost for the machinery.

70.

At a service station a study was made over a pericd of 50 days to determine both the
number of avtomobiles being brovaght in for service and the number of avtomaobiles
serviced. The results are given below:

Mo, of artomobiles amriving for service or Frequency of arrivals Frequency of daily
compleling services/day serviced
0 4 &
1 8 4
2 20 24
3 10 &
4 & a8
5 2 2

Simulate the arrival service pattern for a ten day period and estimate the mean number of
auvtemaobiles that remain in service for more than a day.

Use the following series of random numbers:

For Armrivals 09 54 42 01 a0 04 06 24 57 79
For Service 49 14 34 74 &8 21 @7 a5 b a4

Assignment;

71.

i salesmen are to be allocated to six sales regions so that the cost of allocation of the job will be
minimwm. Each salesman is capable of doing the job af different cost in each region.

The cost mainx s given below:

Fegion

! Il Il W W VI

A 15 35 0 25 1o 4

B 40 5 45 20 15 2

C 25 &0 10 &5 25 10

Salesmen o 25 20 35 10 25 &0
= 30 70 40 5 40 =0

F 10 2 30 40 50 15

{Agures are in Rupees)

{a) Fnd the dlecafion to give minimum cost what is the cost?
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72.
A solicitor's firm employs typists on hourdy piece-rate basis for their daily work. There are five typists and
their charges and speed are different. According to an earlier understanding, only one job is given to one
typist and the typist is paid for a full hour even when he waorks for a fraction of an hour. Find the l2ast cost
allocation for the following data:
Typist Rote hour(T) Mumber of Pages Job Mo. of Pages
Typed/hour
A o 12 P 159
B é 14 Q 175
C 3 8 R 145
D 4 10 5 298
E 4 11 T 178
73.
Five swimmers are eligible fo compele in a relay feam which is [0 consist of four swimmers
swimming four different swimming sfyles | back siroke breast stroke, free styfe and butterfly.
The time faken for the fve swimmers — Anand, Bhaskar, Chandr, Doral and Easwar- fo cover
a distance of 100 meters in varipus swimming siyles are given below in minutes - seconds.
Anand swims the back stroke in 1:08, the breast stroke in 1.15 and has never competed in the
free siyle or butterfly. Bhaskar is a free siyle specialist averaging 1207 for the 100 meires but
can also swim the breast siroke in 1:16 and butterfly in 1:20. Chandru swims alf sfyles — back
storke 110, butterfly 112, free sfyfe 1205 and breast stroke 1220 Dorai swims only the
butterfly 1-11 while Eqswar swims the back siroke 1220, the breast siroke 118, the free siyle
1:05 and the butterfly 1:10.
Reguired
Which swimmers show'd be assigned to wiich swimming styfe? Who will be in the relay?
74.

A company has four Zones apen and four markeling managers available for assignment The
Zones are not equal in sales potenfials. It /s estimated that a typical markeling manager
aperating in each zoneg would bring in the following Annual sales:

Zones i
EBSE e 240000
NOrA.. oo 1.44.000

The four marketing manages are also different in ability. It is estimated that working under the
same conditions, their yearly sales wouwld be proportionately as under

MAnager M...........ooooveeeeoeeeeeeeeeeen 8
Manager ... B
ManagerP... ..o 4

Transportation Problems;

75. Solve the following Table by initial basic solution

Destination A B C D Supply
Sourc
1 3 1 7 4 300
2 2 6 5 9 400
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3 8 3 3 2 500
Demand 250 350 400 200
76.

Goods manufactured af 3 plants, A, B and C are required to be transported to sales outlets X,
Y and 2. The unit costs of transporting the goods from the plants fo the outlets are given

below-
Planiz
Sales Outlets A a8 c Total Demand
X 3 ] ] 20
Y 4 4 L] 40
i 8 3 5 60
Total Supply 40 50 30 120
Reguired

fil Compute the initial allocation by North-West Comer Rule.

iy Compute the initial allocation by Vioge!'s approximation method and check whether it is
optimal.

(i} State your analysis on the optimality of allocation under North-West corner Rule and
Vogel's Approximation method.

77.

A product is manufactured by four factories A, B, C and D. The Unit production costs are & 2,

F3, 71 and ¥ 5 respectively. Their daily production capacities are 50, 70, 30 and 50 units

respectively. These factories supply the product fo fowr stores P, QQ, R and 5. The demand

made by these stores are 25, 35, 105 and 20 Units transportation cost in rupees from aach
factory to each store is given in the following table;

Stores

11

10
13

12

Faclories

||~ > m

@ || oo Dy

[=REs 0N

Regquired
Determine the extent of defiveries from each of the factores o each of the stores so that the fotal
cost (prodiuction and fransportation together) is minimum.

78.

Ladies fashion shop wishes to purchase the following quantity of summer dresses:

Dress size | [ I [V
Guantity 100 | 200 | 450 | 150

Three manufacturers are willing to supply dresses.

The guantities given below are the maximum that they are able to supply of any given combination
of orders for dresses:

Manufacturer A B Z
Total quantity 150 | 430 | 230

The shop expects the profit per dress to vary with the manufacturer as given below:
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79.

80.

81.

Size
| Il [l v
A 2.5 40 2.0 20
B a0 3.5 3.5 1.5
C 20 4.5 4.5 25
Required:

(a) Use the trarnsportation technigue to sclve the proolem of how the orders should be placed with
the manufacturers by the fashion shop is order to maximise profit.

(b) Explain how you know there is no further immprovement possible.

X¥Z Company has three plants and four warehouses. The supply and demand in units and the
comresponding transportation costs are given. The table below shows the details taken from

the solution procadure of the transportation problem:

Warehouses
Supply
Flants ! I} mw v
A 5 10 4 Iﬂ 5 10
B 6 2 8 7 2 Ii 25
(] 4 5 2 10 5 Ii 7 20
Demand 75 10 15 5
Required

] Is this solution feasible?

(i) Isthis solution degenerate?

{iiil  Is this solution optimum?

A Chemical Company produces two compounds A and B. The following table gives the units of
ingredients C and D per kg of compounds A and B as well as minimum reguirements of C and D and
costsfkg of A and B. State the mathmetical formulation of the following:

Table Compound Minimum requirement
A B
Ingredient C 1 2 80
D 3 1 75
Cost per kg. 4 &

A company sells two types of products, one is Super and the other is Delux, Super
contains & units of chemical A and 2 vnits of chemical B per jar. Delux contains
3 units of each of chemical A and B per carton. The Super is sold for T7 per jar
and the Delux is sold for T 4 per carton.

A customer requires at least 150 vnits of chemical A and at least 120 units of
chemical B for his business. How many of each type of the products should the
customer purchase to minimize the cost while meeting his requirements?

Formulate LPF model for solving the above problem (do not solve if).
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82.

Four Froducts — A, B, C and D have "5, °7, "3 and * ¥ as profitability respectively.

First type of material ({limited supply of 800 kgs.) is required by A, B, C and D aof 4 kg, 3 kag,
8 kgs and 2 kgs respectively per unit.

Second type of materials has a limited svpply 300 kgs and isfor A, B, Cand D at 1 kg 2
kas 0 kg and 1 kg per unit.

Supply of the other fype of materials consumed is not limited. Machine hrs. available
are 500 howrs and the requirements are &, 5, 0 and 4 houwrs for A, B, C and D each per
unif.

Labouwr howrs are limited to %00 houwrs and requirements are 3,21 and 5 houwrs for A, B, C
and D respectively.

How should the firm approach so as to maximize its profitability?

Formulate this as a linear programming preblem.

You are not required to solve the LPP. &
83.

Maximize

£ = 100w + 90xz + 40x3 + 6y
Subject to
Gt ot Bzt 4 = 140
i+ 10k + 20+ 6xg = 120
et 12t 6=t 20y = 50
Xy, K2, X3, Xy = 0

Required

Formuiate the dual for the above problem. Only formulation is required. Flease do not soive.
84.

If the Primal of a LPF is:

Mo, 2= 3x + 5xz + 4

Subject to

2%+ 3x228

I+ 2+ 23510

Srz+4xa= 15,
And x1, @z and x3 2 0, What would be its deal? 4
Networking;

85.

Draw the network diagram for the activities of a maintenance job of a part of refinery

Table: Refinery Date

Activity Description of Activiby Predecessor Activity
A Dismantle the pipe ine. Mone
B Disaszsemble other fittings. A
C Remove valves and check them. B
(] Clean the valves and check them. C.E
E Clean the pipe lines and others. B
F Replace the defective items. C.E
= Layout of the assembly lines. F
H Assermnble the valves. G
| Do the final connections. H. D
J Test the fittings. |
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86.

87.

88.

X¥I Avto-manufactuing company has o prepare a design of its latest model of motorcycle. The

various activities to be performed 1o prepare design are as follows:

Achivity Descrption of activity

Preceding activity

Prepare drawing

Carry out cost analysis
Carry out financial analysis
Marnufacturs tools
Prepare bill of material
Receive maternial

Crder sub-accessones
Receive sub-accessories
Manufacture components
Final assembly

Testing and shiprment

m e — T im0 m

Prepare an appropriate nefwork dicgram.

Givan the following imarmation;
Activity

-1
-2
-3
2~

25
3
]
4-7

57
&7

Regquired

{i1  Draw the arrow diggram.

(i) Identify critical path and find the tolaf project durafion.
i) Determing (ot free and independent foais.

mmmwwwmammgg
e

For given network find Total Float (TF), Free Float [FF) and Independent Foat [IF)
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89.

90.

The activities involved in a profect are delfailed below:

Job Duration (Weeks)
Optimistic Most Likely Pessimistic

-z 3 &a 15
2-3 & 12 30
35 5 11 17
78 4 19 28
58 1 4 7
67 3 g 27
4-5 3 & 15
1-6 2 5 14
24 2 5 8

Required

{11 Draw a nefwork diagram.

{i)  Find the crifical path after estimating the earfiest and latest event fimes for all
nodes.

{ii)  Find the probability of completing the profect before 31 weeks?

{v]  What is the chance of project duration exceeding 45 weeks?
vl What will be the effect on the current crifical path if the most likely time of acfivily

-5 gefs revised fo 14 insfead of 11 weeks given above?

{Eify What s the probability that the profect will be complefed in 5 days earfier than the

critical patf duration?
{fw)  What project duration will provide 5% confidence level of completion?

A profect is composed of seven activifies as per deiails given below:

Activity Time Estimates Cost Estimates
(Days) 0

Normal Crash Normal Crash
-2 4 3 1,800 2000
-3 2 Z 1,000 1,000
- ] 4 1,875 2250
23 7 ] 1.000 1,500
5 7 & 2000 2500
35 z i 1.250 1625
4-5 ] 4 1,500 2125

Indiract cost per day of the profect /s & 500

Required

i) Draw the project nefwork.

i} Determine the critical path and its duration.
{iif)  Find the optimum duration and the resuitant cost of the project
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91.

For a network shown in figure, normal fime, crash fime, and normal costs are given in the
table: construct the network by crashing it to opfimum valve and calculate the crtical
path, project duration, activities with least cost slope and optimuem project cost. Indirect
costis given as T 75 per day. 10

6(4)

- 3(2)

Table : Actlivity Relationship

Activity Mormal Crash
Time (days) Cost [T) Time (days) Cost (T)
1-2 3 300 2 400
2-3 ] 480 4 520
2-4 7 2100 & 2500
2-5 [:] 400 & &00
3-4 4 320 3 340
4.5 5 500 4 520
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