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PART - A

Johnson's Rule explain about the sequencing of jobs on two machines.

It is a group or combination of interrelated activities that must be executed in certain fixed order
before teh entire task is completed

It is a recognizable part of a project which consume time and resources for its completion and it may
involve physical and useful work.

An activity which is used to show the dependency logic or relationship of one activity over the other
but does not consume any time or resources for its completion in termed as dummy activity.

When activity other than the final activity doesnot have any succesive activity. The situation is called
as dangling such activity should be connected to the last event of network diagram

It is the maximum time consuming path from the first event to last event in a network diagram.

It is that part of total float which can be used without affecting the float of succeding activity

It is the extension of critical path method that consider a compromise between the time and cost
required to complete a project

Forecasting can be termed as prediction of future or demand of a particular product. It is a human
judgement technique

In this method a panel of expert are asked sequential question in which the response to one question
is used to produce next. It is step by step procedure in which information available to other expert
and final forecast is obtained by common opinion of all the expert
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In this method the coork of survey is assigned to external marketing agency and the purpose of
research is to collect information regarding the demand of a product. The details about various
factor which influence the demand like customer location, occupation, income, quantity, quality etc.
are related to get the forecast

Responsiverness indicated that forecast have fluctuation or swinging pattern. It is preffered for new
product and for that number of period kept small stability mean that the forecast pattern is flat,
smooth or has less fluctulation, it is preffered for old existing product

The aim of assembly line is to improve different facilities and equipment in such a manner that all the
work station are given on an average equal work load and the ideal time is minimize

It is the time required to complete work element assigned in a work station

(i) Smooth flow of production
(ii) Lower material handling cost
(iii) Lesser work in process

(iv) Optimum space utilization

Fixed position layout is a design for floor plan of a plant in which product remain at fixed position
while the work, machine move to it as needed. Products that are impossible to move ships airplanes
and construction projects are manufacture in fixed position layout

It is a set of technique develop to divide a job into smaller part followed by its rearrangement to
make it more effective or productive

Select > Record > Examine > Develop > Install > Maintain

These charts record all the activities sequence wise along with time, distance and additional remark
they are of three types

(i) Material type  (ii) Machine type

(iif) Man type
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It is used to study those operations which are very fast, very short duration and repeated several no
of times.

It is a time required to complete the job taking all the uncertainity related to the production system
into account

It is the amount of time for which the job that is to be assembled remains between two successive
product coming out from the assembly line

It is the ratio of total ideal time of the job for assembly line to the total time spend by the job on the
assembly line

TWC
nT

c

BD=1-

Plant layout is the arrangement of machines, work areas and service area with in a factory

OR
Plant layout involves the development of physical relationship among building, equipment and
production operations, which will enable the manufacturing process

There are three types of layout that are most commonly used
(i) Product layout

(ii) Process layout

(iii) Fixed position layout

Process layout is a design for floorplan of a plant which aims to improve efficiency by arranging
equipment according to its function. The production line should ideally be designed to eliminate
waste in material flows, inventory handling and management

This analysis is most widely used in cost volume profit analysis. It provides a relationship between
revenues and cost will respect to volume of sales

It is the point in cost volume chart at which cost and revenue are in equilibrium
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The excess of actual or bugeted sales over the break even sales is called margin of safety
(MOS)_ .= Actual sales - BEP sales

Safety of the firm

(i) Difficult to seperate cost into fixed and variable component
(ii) It is difficult to use for a multi product firm
(iii) It cannot be use for long term planning

It is the tool used for customer satisfaction i.e. this tool is use to findout service pattern so that
maximum utilisation of server and minimum waiting time for customer takes place.

It is the average number of customers in the queue waiting to get service. This excludes the customer
being served.

Itis a long term forecasting method.

Balking customer :- If he will not join the queue
Raneging customer :- If the customer join and loose patience and leaves it after some time
Jockeying customer :- If customer moves from one queue to other queue to get fast service

If is the proportion of time a server actually spends with the customers

The rate at which one channel can perform the service i.e. the number of customer being served per
unit time is called service rate. It follows expontential distribution means most of the customer
occupy mean time but some will take long time

The rate at which customers arrive to be serviced i.e. number of customer arriving per unit time is
called arrival rate

The arriving unit that require some service to be performed the customer may be person, machines,
vehicles, parts etc.
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Kendall's Notation is a tool to represent queing model and it is expresed as
(a/b/0) : (d/e/f)
a — Arrival rate
b — Service rate
¢ = Number of parallel service channels
d — Service discipline
e — maximum number of customers allowed in the system
f — calling population
41.
Sol.
1
W, = Y
[ — service rate
A — customer arrival rate
42.
Sol.
Linear programing deals with the optimization (maximization or minimization) of a function of
variables known as objective function subject to a set of linear equation or inequalities known as
constraint
43.
Sol.
In any organisation (big or small) there is a limitation of resource (man, machine, money) the
organisation want maximum profit or minimum cost with limited organisation want resources LPP
provide best way for them to satisfy the resources and its function
44.
Sol.
(i) Proportionality (ii) Additivity
(iif) Continuity (iv) Certainity
(v) Finite choices
45.
Sol.
(1) In industrial application
(i) Product mix problems
(ii) Production schedulling problem
(iif) Assembly line balancing
(2) In management application
(i) Portfalio selection problem
(ii) Transportation problem
(3) In Diet problem
(4) Agriculture problem
46.
Sol.

Two method
(i) Graphical method
(i) Simplex method
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Graphical method can be used only for two variable only

Those variable for which the frist basic feasible solution is obtained for the LP is known as basic
variable

Optimal solution is that solution which is obtained from basic fesiable solution for the betterment of
current solution and relocate or adjust current basic variables.

It ensures that is the starting solution is basic feasible, only BFS will be obtained during computation.

If some of the basic variables in solution are zero, the solution is called degenerate solution

If the value of the objective function can be increased or decreased infinitely, the solution is called
unbounded solution.

Inventory is the stock of any item or resources that are used in any organisation
OR
It may be defined as stock in hand at a given time and they can be used later

(i) Purchase cost

(ii) Ordering or setup cost

(iif) Holding or carrying cost

(iv) Shortage or back order cost or stockout cost

It is the cost associated to produce units internally . It is associated with bringing production system
again into play is called set up cost

Shortage simply means absence of inventory items and the cost associated with not serving the
customer is called shortage cost.

Those inventory items which are in transportation can not provide service and that inventory item is
called transit or pipeline inventory
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It is the minimum amount of inventory item that has been kept for protecting against the fluctuation
in demand and lead time.

It is used when there is a adverse situation like variation in lead time or demand during lead time

These inventory items are build up to meet anticipated demand in future while like big selling forecast,
government policy, price hike, strike, shutdown etc

The demand of these item is directly related or link to demand any other item, usually of a higher
level of which it become parts.

Two types of inventory review system are majorly used

(1) Q-system or fixed order sytem or Two bin system

(2) P-system or fixed period system or periodic review system
— A combined is used which is called ss system

It is used in two bin system where a new lot is ordered when the units in larger bin gets over

In this system inventory level is review after a fixed point of time and a fresh order of variable
quantity is placed at the point

Two types of inventory model are present

(1) Deterministic ~ (2) Probablistic

(1) Deterministic :- In these model demand rate and lead time remains fixed and constant i.e. no
fluctuation this is the reason that we need not to carry safety stock

(2) Probablastic :- These model represent the real world condition where is there uncertainity of
demand rate and lead time.

If represent the order quantity of a lot to balance in holding cost and ordering cost in order to get
minimum cost of inventory

__ [2pC, [C.+C,
Q B Ch Cb
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In build up model inventory is build up gradually rather than instantaneous replacement upto
production time inventory are building up along with consumption with (p > d)i.e. higher production

i i . . _[p-d
rate in comparasion to demand rate so max inventory wil be Q.= (T]Q

where Q = Total inventory for a cycle
p - production rate
d - demand rate

Requirement of safety stock take place only when either lead time increases or demand rate increases
after re order level. This increases the chance or probability to stock out. That is why higher safety
stock is needed in probablistic model.

(i) When the demand rate and lead time variation are more and fluctuating
(if) When holding cost is very less

(iif) When stockout cost is very high

(iv) No. of orders are more

It is assumed to follow normal distribution with mean (LT % d) and ¢ as standand deviation

Sequencing is the arrangement of different number of jobs on the machine in such a manner that
ideal time of a machine is minimum and utilization will be optimised.

It is essential for smooth flow material and effective utilization of resources (Man, Machine etc)
It is the time from some starting point untill that particular job is completed
It is the time from when processing being on the first job in the set until the last job is completed.

Trend line: The line of best fit to represent the future demand using past data in called. Trend line.
The square sum of error of this is zero
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Purpose (or) need of Sales forecasting

It determines the volume of production and the production rate.

It forms basis for production budget, labour budget, material budget, etc.
It suggests the need for plant expansion.

It emphasizes the need for product research development.

It suggests the need for changes in production methods.

It establishes pricing policies.

It helps deciding the extent of advertising, product distribution, etc.

Forecasting methods are classified into

Forecasting
\ 4 v
| Qualitative or Subjective | |Quantitative or Objectivel
|
| Judgemental |
— Opinion survey | Time series | | Casual or Econometric
— Market trial — Past average method — Correlation
—» Market research — Simple moving average method ~ — Regression
— Delphi technique — Weighted moving average method
These are used for new product — Exponential smoothing method

and long term forecasting.

These are used for short term or
mid term for existing products

After drawing the network in a logical sequence, every event is assigned a number. The number
sequence must be such that it reflect the flow of the network. There are following rules for event

numbering:

1. Event numbers should be unique.

2. Event numbering should be carried out on a sequential basis from left to right.

3. The initial event which has all outgoing arrows with no incoming arrow is numbered 0 or 1.

4. The head of an arrow should always bear a number higher than the one assigned at the tail of the
arrow.

5. Gaps should be left in the sequence of event numbering to accommodate subsequent inclusion of

activities, if necessary.

The material requirement planning has following inputs and outputs:

Inputs:

1. master production schedule

2. bill of material

3. inventory records and inventory requirement
Outputs:

1. planned order schedule

2. order releases

3. changes in schedule

4. inventory transactions
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Name 4 basic ways of establishing a time standard.
*  Work sampling

* Stop watch study

* Predetermined Time Standards (PTS)

* Analytical estimating

Value Engineering: Value engineering is the application of the concepts of value analysis at the
design or premanufacture stage of the component parts with a view to cut down the unnecessary
costs, without impairing the function or utility of the product.

Conditions that are conductive to take up VA/VE study are:

* Scope for the simplification of the product

* Scope to use new cheaper and better materials

* Scope to modify and improve product design

* Scope to use efficient process

* Scope to reduce the product cost

* Scope to increase the utility of the product by economical means

* Scope to save money or to increase the profits.

Give the symbols, activity names used in method study for charting of the processes.

S. No. Activity Symbol
1. Operation O
2. Inspection
3. Transport |:>
4 Temporary
' storage or delay

Permanent v

5.
storage

Operating Characteristic Curve (OCC) is a graph of fraction defective in a lot against the probability
of acceptance.
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I Producer’s risk

Acceptance| Indifferent

quality quality
region region

Objectionable Consumer’s
> quality region risk

Probabiiity of acceptance ——

AQL
Proportion of defective ——

Acceptance sampling

Explain the term "Industrial Relations".

More specially, Industrial Relations is concerned with the systems, rules and procedures used by
unions and employers to determine the reward for effort and other conditions of employment, to
protect the interests of the employed and their employers and to regulate the ways in which employers
treat their employees.

Areas of IR are:

(1) Collective Bargaining.

(2) Role of management, union and government.
(3) Resolution of industrial dispute.

(4) Individual grievance and disciplinary policy.
(5) Labour legislation.

(6) Industrial relations training.

Importance of IR:

* To protect the interest of workers and improve their economic conditions.
* To protect the rights of managers.

* To regulate the ways in which employers treat their employees.

* To increase productivity.

Put simply, Industry 4.0 is an initiative to revolutionise the manufacturing and engineering sector by
combining the digital world and that of industrial production to create "smart" manufacturing facilities.
Some of the expected benefits include resource productivity and efficiencies, along with greater
flexibility in creating highly personalised or configured products on a mass scale.

Industry 4.0 refers to the promise of connecting the digital and the physical worlds through smart
factories that contain cyber-physical systems. The term includes many different technologies,
applications, and concepts which is why many people are often confused as to what exactly is included
under the umbrella of "Industry 4.0".

3.0 vs 4.0 The main differences between factories of the past - even automated ones - and the most
technologically advanced factories of today is the concept of connectivity. In a Data-Driven
Manufacturing environment, every piece of equipment and every industrial machine is transformed
into a node on the corporate network. On a more granular level, Data-Driven Manufacturing enables
real-time machine-level monitoring, giving manufacturers a previously unavailable view of machine
health. It also enables manufacturers to become proactive in terms of their machine upkeep and
repairs, reducing downtime due to mechanical failures and problems.
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The manufacturing industry has always been driven by the pursuit of lean and more efficient processes
In today's fast-paced world, where consumers demand faster, cheaper, and higher-quality products,
manufacturers are constantly challenged to improve their production processes. They strive to achieve
the highest throughput, lowest cost, minimal material usage, and fastest cycle times. Once
manufacturers have mastered the art of creating efficient processes, they don't stop there. They push
themselves further through continuous improvement.

However, the problem is that continuous improvement has become the norm. Everyone is doing it,
which means it no longer provides a competitive advantage. If you truly want to stand out and gain
an edge over your competitors, you need to do more than what everyone else is doing. This is where
Industry 4.0 solutions come into play. By implementing these advanced technologies and practices,
you can take your operations to a whole new level. Another motivator is that with rising energy
costs and resource scarcity, we have a responsibility to future generations to create as efficient processes
as possible, next to reducing waste.

Lead time:

* Lead time in inventory management is the amount of time between when a purchase order is
placed to replenish products and when the order is received in the warehouse.

* Order lead times can vary between suppliers; the more suppliers involved in the chain, the longer
the lead time is likely to be

* Companies review lead time in manufacturing, supply chain management, and project management
during pre-processing, processing, and post-processing stages.

* By comparing results against established benchmarks, they can determine where inefficiencies
exist. Reducing lead time can streamline operations and improve productivity, increasing output,
and revenue.

* By contrast, longer lead times negatively affect sales and manufacturing processes

* To calculate the lead time we need to find the supply delay and reordering delay.

Differential Piece rate system:

* The underlying principle of this system is to penalize a slow worker by paying him a low piece
rate for low production and to reward an efficient worker by giving him a higher piece rate for
higher production.

* To encourage the workers to complete the work within the standard time, Taylor advocated
two-piece rates, so that if a worker performs the work within or less than the standard time, he
is paid a higher piece rate, and if he does not complete the work within the standard time, he is
given a lower piece rate.

Straight piece rate system:

* Under the straight piece rate plan workers are paid based on their output.

* For example, if the piece rate is Rs. 5 per piece of the product, then a worker who turns out 50
pieces/day earns Rs. 250 (Rs. 5 x 50) as his wage for that day. Whereas, another employee who
produces 40 pieces/ day earns Rs. 200 (Rs. 5 x 40 pieces). Hence a fast worker earns more compared
to a slow worker.

* It Motivates the workers to increase their output and improve productivity.

* However, there is no guaranteed minimum wage. This makes workers insecure. There is a great
disparity in earnings between slow and fast workers.

* Quality of production may suffer as the workers concentrate on quantity.

* Enforced idleness like electricity failure or machine breakdown, adversely affects the earnings of
workers.

Hasley Plan:
* Halsey premium plan is a simple combination of time and speed bases of payment.
* Under this plan, a minimum time wage is guaranteed to every worker.
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* A standard time is fixed for the completion of a job. If a worker performs his job in less than the
standard time, he is given a bonus. But there is no penalty for performing the job in more than the
standard time fixed.

* The slow worker is paid the time wages and the efficient worker is paid some bonus in addition
to the time wages. The bonus is in the proportion of the wages which he could have earned
during the time saved.

Rowan Plan:

* The Rowan plan is a modification of the Halsey plan.

* It also guarantees the minimum time wage and does not penalize a slow worker. A standard time
is fixed for the completion of a job and a bonus is paid to a worker on the basis of time saved.
Here, the bonus is that proportion of the wages for the time taken which the time saved bears to
the standard time.

Micromotion study:

* It is used for graphical presentation of many repetitive operations of short cycles like component
assembly, packaging, inspection, separation of mixed jobs, which involve quick movements of the
hand.

* In certain types of operations like pick and place objects, a detailed study of suck operations can
be carried out.

* Micromotion study involves 16 fundamental hand motions.

* 'SIMO" stands for Simultaneous-Motion Cycle Chart.

* It is one of the micromotion studies devised by Gilbreth and it presents graphically the separable
steps of each pertinent limb of the operator under study.

* It is an extremely detailed left and right-hand operation chart.

e SIMO chart records simultaneously the different therbligs performed by different parts of the
body of one more operator on a common time scale.

Three key Operations Research (OR) models are:

Linear Programming, which optimizes resource allocation under linear constraints;

Queuing Theory, used to analyze waiting lines and server performance; and

Simulation, which replicates complex systems to evaluate different scenarios without real-world
experimentation
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PART - B

98.

Sol. Comparison between Private Company and Public Company

Sr.

No Paints Private Company Public Company

1. | Meaning A Private Limited Company is a| A Public Company
company which by its articles, | means a company, which
restricts the right to transfer share, | is mnot a  Private
limits the maximum number of | Company.
members to 200 and prohibits the
issue of prospectus.

2| Name of the Namre of the company must endwith | Name of the company

company the word Private Limited". must end with the word
‘Limited'.
3. | Number of the There are minimum 2 members. | There are minimum 7
members Maximum members are 200. members. Maximum
members are unlimited.

4. | Transfer of shares Shares of the company are not freely | Shares of the company
transferable. are freely transferable.

5 | Issuesof prospectus | The  company cannot issue | The company has to
prospectus. Statement in lieu of | issue prospectus
prospectus is issued. compulsorily.

6. | Number of directors | Minimum?2 Directars areneeded ina | Minimum 3 Directors are
Private Limited Company. needed in a Public

Limited Company.

7. | Statutory of A Private Limited Company need | A  Public = Limited

not hold aStatutary Meeting, Company must hold a
Statutory Meeting,

8 | Gapital Minimum paid up capital is one lakh | Mininmm  paid  up
rupees. capital is five lakh

rupees.

9. | Commencement of The business can be started after | The business can be

business getting ' Incorporation Certificate’. started after getting
‘Commencement
Certificate’.
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99.
Sol. Differences between Product and Process Layouts
Product Layout Process Layout
There is sequential arrangement of | Functional arrangement of machines as per
machines as per operations. nature of operations of machines.
This is used for mass and continuous type | This is used for job-shop and batch
of production. production.
Products produced are standard and made | The product produced is general and made
to stock. to order.
This is used for stable and high demand | This is used for the variable demand
products. product.
Special-purpose machines are used. General-purpose machines are used.
Limited or semiskilled people may be | High and cross-functional skilled people
employed. are employed.
Materials and men move on a fixed path. Materials and men move on a variable path.
This layout is highly efficient and | Thislayout is highly flexible.
productive.
100.
Sol. Objectives of Plant Layout
The objectives of plant layout are to:
1. utilize the available space effectively.
2. ensure smooth flow of materials.
3. improve the productivity.
4. reduce material-handling cost.
5. provide safety.
6. utilize labour effectively.
7. provide flexibility in operation.
8. provide easy supervision and control.
9. provide easy maintenance.
10. facilitate coordination and face-to-face communication.
11. reduce manufacturing cycle time or customer service time.
101.
Sol. Product Layout

In product layout, the machines are arranged according to the sequence of operations on a product.
This is suitable for only mass or continuous production due to the requirement of high productivity.
This layout is used in refinery, thermal power plant, chemical or fertilizer industry, etc. All the
machines are arranged in a line as shown in Figure.

IN

OUT
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Fig.:- Machines arrangement in product layout
There are many advantages and disadvantages of product layout as discussed below:
Advantages
1. It reduces material-handling time and hence the material-handling cost.
It increases the productivity due to ease of automation of the processes.
It reduces the manufacturing time.
It simplifies production planning and control systems.
It simplifies tasks, enabling unskilled workers to learn a task quickly.
. It is more suitable to make to stock.
Disadvantages
1. It has poor flexibility in accommodation of production of new product.
2. Special-purpose equipment and duplication is required to minimize the time of completion of the
operations.
A breakdown of one machine or absence of one operator may stop the entire line of production.
To prevent the production breakdown, there is requirement of high work-in-process inventory.
Workers may become bored by the endless repetition of similar jobs.
It is less suitable to make to order.

OO W N

AN S

102.

Sol.  Facility location methods: The following methods are used for plant location:
1. Factor-rating method
2. Transportation method for linear programming
3. Centroid method
4. Cost-volume-profit ratio/ Break-even analysis
Cost-Volume-Profit Ratio/Break-Even Analysis
In this method, it is assumed that fixed cost and variable cost vary from location to location. Thus,
the total cost is a function of volume. It is decided that which location involves minimum cost for a
fixed volume of production. For example, three locations A, B and C are shown in Figure with a total
cost and volume. It is observed from Figure that for less than or equal to volume X, location A is
profitable; between X, and X, volume location B is profitable; and for more than X, volume location
C is profitable.

Total cost

(0,0) XXy X

Volume

Fig.:- Cost-volume-profit ratio for plant location
103.
Sol.  There are following advantages and disadvantages of process layout:
Advantages
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1. It is more flexible compared to product layout as equipment and personnel can be used for any
product.

2. Investment required is less as duplication is not necessary unless volume is large.

3. Supervisors and workers get exposure of cross-functional skills.

4. Changing work nature creates interest among the workers and makes work more satisfying for
the people who prefer variety.

5. This layout is more suitable for make to order or smaller volume of production.

Disadvantages

1. It requires highly skilled workers.

2. Backtracking and long movements in the handling of materials minimize the efficiency and increase

the material-handling time and cost.

Waiting time is more in process layout.

Production planning and control is complex in comparison to product layout.

Workers' wages are higher due to involvement of highly skilled workers.

Due to frequent changes in the nature of the job, productivity becomes low.

AN Y

The advantages and disadvantages of group layout are enumerated as follows:

Advantages

1. The control required is reduced.

2. Material handling is reduced due to the formation of special cell for the individual part family.

3. Set-up time is reduced due to use of the automation process to search the suitable part family for
new products.

4. In-process inventory is reduced.

5. Due to mixed properties of product and process layout, operator's expertise increases.

6. Due to requirement of better coordination among the different cells, human relations improve.

Disadvantages

1. Shop flexibility is reduced.

2. Machine utilization is also reduced compared to product layout.

3. Higher skilled person in each cell is required.

4. The cell concept leads to unbalanced workload on machines.

The advantages and disadvantages of fixed position layout are as follows:

Advantages

1. It reduces the movement of work items and minimizes damage or cost of handling.

2. There is no problem like rearrangement of a machine or reassignment of jobs to workers.

Disadvantages
1. Skilled and versatile workers are required because same workers are involved in more than one
operation.

2. The poor availability of necessary combination of skills may increase the wage.

3. Movement of people and equipment to and from the work site may be expensive.

4. Utilization of equipment may be low because the equipment may be left at a location where it will
be needed again in the next few days rather than moved to another location where it would be
productive.

Steps of Forecasting

To forecast demand, the following essential steps need to be taken:

1. Determination of objectives of forecasting: The objectives of forecasting should be clear. Without
focused objective, forecasting is meaningless.

2. Selection of the items to be forecast: The forecast for one item cannot be used for the other item.
Therefore, the item must be selected for which forecast is to be made.

3. Determination of the time horizon of the forecast: The nature of the product decides the time
horizon of its demand forecast. A long-range forecast is more error-prone as compared to a
short-range forecast. Therefore, the horizon or a range of forecasting is an important issue.
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4. Selection of the suitable forecasting model: There are a number of forecasting models. The
suitability of these models is to be checked for the forecast of a particular product. The choice
should be of a forecasting model that would give a more accurate estimation of demand.

5. Collection of the data: Future is predicted on the basis of the past data. Therefore, the relevant
past data should be collected from various sources such as annual reports, magazines, journals,
etc.

6. Validation of the forecasting model: The selected forecasting model is to be validated using the
collected data.

7. Forecasting the demand: After data collection and model validation, forecast is made for a specific
time in the future.

8. Implimentation of the results: Finally, the results are implemented to fulfil the objectives. Here,
results mean the quantity/volume of product forecasting. The entire production systems are
changed/adjusted to meet the expected demand in future.

In this method, the forecasts of a panel of experts are elicited through a sequence of questionnaires.
Each questionnaire builds on the previous questionnaire in a series of 'rounds.' The experts answer
the questionnaires independent of each other. After each round, a facilitator provides an anonymous
summary of the experts' forecasts from the previous round as well as the reasons they provided for
their judgements. The experts are encouraged to revise their earlier answers in the light of the
replies of other members of their panel. It is believed that the group will eventually reach a consensus.
The process is stopped after a number of rounds or when a consensus is reached.

In an organization, normally, four types of inventory are used as discussed below:

1. Raw materials and parts: These include all raw materials, components and assemblies used in the
manufacture of a product.

2. Consumables and spares: These may include materials required for maintenance and day-to-day
operations.

3. Work-in-progress inventory: These are items under various stages of production not yet converted
as finished goods.

4. Finished products: These are finished goods not yet sold or put into use.

Objectives of Inventory Control

The following are the objectives of inventory control:

To keep the investment in inventory to the minimum.

To minimize idle time by avoiding stock-outs and shortages.
To avoid carrying cost.

To improve customer satisfaction level with lesser inventory.
To avoid obsolescence of inventory.

NS

Functions of Inventory

The following are the functions of inventory:

1. To meet anticipated demand: The demand cannot be estimated with full accuracy. There is always
chance of increasing or decreasing the demand due to various factors. To meet this uncertainty in
demand variation or to meet the anticipated demand, inventory is required.

2. To smooth production requirements: There may be a sudden breakdown of the machine involved
in production. In this situation, an inventory is required at each workstation to continue the
production without any disruption.

3. To decouple operations: In case of product mix or multi-product production, we try to postpone
the product differentiation towards the end of the production process, so that the demand of a
customized product can be fulfilled very easily. Initially, a generic product is produced and at the
end of production; these products are stored in generic form and finally customized as per demand.
The point of customization or differentiation is known as decoupling point.

4. To protect against stock-outs: A safety or reserve stock is required to meet the shortages or
delay in the replenishment of inventory. In case of shortages, production is disrupted or demand
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of the customer remains unfulfilled which leads to poor customer satisfaction level. Thus, inventory
is required to protect against stock-out.

5. To help hedge against price increases: The price of a product may increase in near future. In this
case, inventory is required to help hedge against price increases.

6. To take advantage of quantity discounts: Inventory provides economies of scale. If we produce
or purchase the items in bulk or batch, there may be provision of quantity discount.

Materials Requirements Planning (MRP):

* Materials requirements planning is a simple system of calculating arithmetically the requirements
of the input materials at different points of time based on the actual production plan.

* It can be seen from the figure that an MRP system has three major input components:

The inputs to the MRP system are :

1. Master production schedule

2. Inventory status file

3. Bill of materials (BOM)

Master production Schedule

(MPS)
Inventory || Material Requirements lannin|,__| Bill of
StFa;gs (MRP) Logic Mateng!lse (BOM)

1. Planned Order Release
2. Order Rescheduling
3. Planned Orders Receipts

Master Production Schedule (MPS):

* MPS is designed to meet the market demand (both the firm orders and forecasted demand) in
the future in the taken planning horizon.

* MPS mainly depicts the detailed delivery schedule of the end products. However, orders for
replacement components can also be included in it to make it more comprehensive.

Bill of Materials (BOM) File:

* BOM represents the product structure.

* It encompasses information about all sub-components needed, their quantity, and their sequence
of build-up in the end product.

* Information about the work centers performing build-up operations is also included in it.

Inventory Status File:

* The inventory status file keeps an up-to-date record of each item in the inventory.

* Information such as item identification number, quantity on hand, safety stock level, quantity
already allocated, and the procurement lead time of each item is recorded in this file.

The following are benefits of MRP:

1. Increased customer service and satisfaction.

2. Improved utilization of facilities and personnel.

3. Better inventory planning and scheduling.

4. Faster response to market changes and shifts.

5. Reduced inventory levels without reducing customer services.

The following are limitations of MRP:

1. Delays in scheduled receipts.

2. Changes in planned order sizes because of capacity constraints.

3. Changes in gross requirements which dictate changes in lot sizes at sub-component levels.
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4. Unavailability of raw materials for one sub-component may negate the need for a fellow
subcomponent as both must be ready for the parent production.
5. Utilization of the same parts at different levels, indicating the need to restructure the bill of

materials.

Difference MRP from MRP-II

MRP

MRPII

Stands for Material Requirements Planning.

Stands for Manufacturing Resource
Planning.

Developed in 1970s.

Developed in 1980s.

Widely used approach for production
planning and scheduling in industry.

Provides an information that is useful to all
functional areas and encourages cross-
functional interactions.

Aims at releasing and managing
manufacturing orders and purchasing
requisitions.

Aims to control relevant material flows and
production capacity while also taking into
account the relationship between these
material flows and the required capacity.

MRP is simply about ensuring the materials
which are available to manufacture a
specific part in a specific volume.

It takes care of all other aspects of a job
including ordering, tracking inventory and
ensuring capacity.

It takes inputs all in order to make sure you
have the right amount of

materials /labor/machinery on hand at any
given time to satisfy the market or your

MRP II uses additional data from
accounting records and sales for further
analysis and forecasting of manufacturing
requirements.

ZONE TECH

company production goals.

ERP stands for Enterprise Resource Planning. ERP systems integrate all business management
functions including planning, inventory/materials management, engineering, order processing,
manufacturing, accounting and finance, human resources etc. The biggest advantage of an ERP system
based on its real-time capabilities and the ability to see what is going on with the organization as it
happens. Installation of an ERP system has many advantages. The advantages may be both direct
and indirect. The direct advantages include efficiency improvement, integration of information, faster
response time to customer queries, etc. Example of indirect benefits include better corporate image,
improved customer goodwill, customer satisfaction and so on. Some of the benefits are as follows :
* Integrating and sharing of information across different departments.

* Reducing redundant data entry and processes.

* Guarantee for the security of organization data.

* Better communication across various departments.

* Improving workflow and security.

Definition: Material handling refers to the movement, protection, storage, and control of materials
and products throughout the manufacturing, warehousing, distribution, consumption, and disposal
processes. This encompasses a range of activities including lifting, moving, storing, and managing
materials in various forms, from raw materials to finished goods.

Relationship between material handling and plant layout:

Plant layout is pre-production planning. Material handling and manufacturing process equipments
are established as per requirement of plant layout. The material handling systems are to be integrated
with the following material handling functions:
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Transportation to the production facility
Receiving, storage and retrieval

Transportation to the work-centres/workstations
Transportation between operations and staging
Packaging and shipping

Functions of material handling system:
The functions of material handling are as follows:

1.

PN DN

To plan the plant layout, building and production centre as per the suitability of a particular type
of material handling equipments.

To minimize the movement of materials and material transportation time.

To optimize the speed of material handling equipments and devices.

To eliminate or minimize the backtracking.

To prevent the accident and facilitate the safe movement of materials.

To minimize the damage of materials during movement, loading and unloading.

To minimize the material handling costs.

To provide training to the persons operating the material handling equipments for their efficient
handling and safe working.

Objectives of material handling systems:
The objectives of materials handling are:

1.

To increase the space utilization by keeping the materials in racks, one above the other. The
material handling generally affects space requirements. Storing various types of materials like
raw materials, parts, sub-assemblies, assemblies and finished parts is facilitated by material
handling devices and methods, stored at proper space.

To improve the operating efficiency by reducing material handling. Increasing load per movement
using the proper material handling devices improves productivity and saves cost of materials
handling.

To ensure on-time delivery of the materials at different work centres/facilities. Materials, parts
and finished products must be moved from the place of storage to their destination speedily and
efficiently.

To reduce the production cost by increased capacity, improving working conditions, improving
customer services, increased equipment and space utilization and reducing cost of materials
handling.

Principles of material handling systems:
Material handling is a technique, the efficiency of which is governed by the following principles:

1.

o

The materials should be moved minimally as much as possible. The selection of production
machinery and the type of the plant layout should be such that the long movement of material
may be eliminated as far as possible.

The time of each move should be minimized. This can be attained through the shortest routes and
use of mechanized or automated material handling equipment in place of manual labour.

The distance of each move should be minimized. This can be accomplished through the use of the
shortest routes and elimination of backtracking.

The principle of unit load should be applied. According to this principle, the materials should be
moved in lots rather than on an individual basis. The optimum number of pieces should be moved
in one unit. The principal of unit load avails the economies in the form of reduced loading, labour
cost, packing cost, elimination of damage and pilferage, savings in time and the effective utilization
of material handling equipment.

The gravity feed should be used wherever possible as it is the cheapest source of motive power.
Re-handling and backtracking of the materials should be avoided. This can be attained through
effective layout and efficient routing and scheduling.

The appropriate material handling equipment should be selected so that the safety, efficiency and
flexibility can be maintained.
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8. The design of the container, pallets, drums, etc. should entail economy in handling and reduce
the material damages during the transit.

9. The material handling service must not interfere with the production flow.

10. The safety of the people must be taken care of and it should be the first preference.

11. The provision of the stand-by facilities should be made so that the sudden breakdown may not
shut down the operations.

12. There should be periodical maintenance of material handling devices.

13. The material handling services should be evaluated periodically and necessary changes should be
incorporated wherever it is possible.

14. The adverse effects on the environment should be minimized when selecting material handling
equipment and procedures.

15. Simplify handling by eliminating, reducing or combining unnecessary movements and/or
equipment.

Types of material handling equipments:

Material handling equipments can be classified into the following five major categories (Michael

2012):

1. Transport equipments: These are the equipments used to move material from one location to
another (e.g. between workplaces, between a loading dock and a storage area, etc.). The major
subcategories of transport equipments are conveyors, cranes and industrial trucks.

2. Positioning equipments: These equipments are used to handle material at a single location so
that the material is in the correct position for subsequent handling, machining, transport or storage.
Unlike transport equipments, positioning equipment is usually used for handling at a single
workplace.

3. Unit load formation equipments: These equipments are used to restrict materials so that they
maintain their integrity when handled a single load during transport and for storage. If materials
are self-restraining (e.g. a single part or interlocking parts), then they can be formed into a unit
load with no equipment.

4. Storage equipments: These equipments are used for holding or buffering materials over a period
of time. Some storage equipments may include the transport of materials (e.g. the storage/retrieval
machines of an automated storage/retrieval system).

5. Identification and control equipments: These equipments are used to collect and communicate
the information that is used to coordinate the flow of materials within a facility and between a
facility and its suppliers and customers. The identification of materials and associated control can
be performed manually with no specialized equipment.

Automatic guided vehicle

Automatic Guided Vehicles (AGVs) do not require any operator. They are good for high labour cost,
hazardous, or environmentally sensitive, low-to-medium volume, medium-to-long distance random
material flow operations (transport between work cells in a flexible manufacturing system
environment). Two means of guidance used for AGV systems are: fixed path (wire, tape, paint for
guidance) and free-ranging (software guided), but absolute position estimates (from lasers) are needed
to correct dead-reckoning error.

17
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PPC is a crucial first step that businesses must take before starting the production process. It includes
planning how the entire process will run from procuring raw materials and setting up machinery to
scheduling tasks, choosing the right production method, and managing the workforce. The control
part focuses on tracking the process and taking corrective actions when things go off track to ensure
production goals are met efficiently and cost-effectively.

Work study:

* The basic form of work system design is work study, which is used to achieve the desired function
by using effective methods.

* The word "work-study" refers generally to the techniques, method studies, and work measurement
used to examine human work in all of its circumstances.

* In order to make improvements, all the aspects that affect the effectiveness and economy of the
working condition are methodically investigated.

Purposes of Work Study

The following are the purposes of conducting work study:

1. To standardize the method of doing a task.

2. To determine the standard time for doing a task, for use in the wage payment/determination.

3. To minimize the unit cost of production by selecting proper machine tools, optimum cutting
parameters and proper process.

4. To minimize the materials movement and idle time of the workers and machines by proper
layout of the plant.

5. To eliminate the unnecessary human motions in performing a task.

6. To utilize the facilities such as man, machine and materials most effectively.

** What are the factors Influencing the production planning and control?

Factors affecting PPC (production planning and control)

There factors affecting PPC are as follows:

1. Use of computers: Today, computers are used in most of the production activities, such as
automation, computer-integrated manufacturing, computer-aided design and manufacturing,
computer-aided process planning, computer-aided quality control, information and communication
technology, radio frequency identification, automated storage and retrieval systems, etc.

2. Seasonal variations in the demand: Demand for certain products is affected by seasons, for
instance, umbrellas, woolen clothes and raincoats. PPC must take such changes into consideration
while planning and control activities of inputs and outputs.

3. Test marketing: With an aggressive marketing strategy, new products are to be test-marketed in
order to know the trends. This is a short-cycle operation, intermittent in nature and often upsets
regular production.

4. After sales service: This has become an important parameter for expansion of the target markets.
In supporting the after sales services, many items are returned for repair. These are unscheduled
work and also overload the production line.

5. Losses due to unpredictable factors: Losses may occur due to accidents, fire, earthquakes, tsunami
and theft of production inputs, mainly materials and components. These are unpredictable. Shortage
of input or disruption in the supply of the inputs due to such factors upsets the planned production
schedule in time and quantity.

6. Losses due to predictable factors: There are losses of inputs, due to natural engineering phenomena
like production losses and changes in consumption of materials and occurrence of defective.

7. Production of order: There are many occasions when in the last minute prioritization of existing
orders takes place due to external pressure. These changes in priority are often decided by
sufficiently high level of management.

8. Design changes: Design changes by R & D and the engineering department forces the PPC to
change the input materials and process.
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9. Rejection and replacement: There are many occasions when sub-assemblies or finished goods
are rejected during production stage or final inspection. PPC must cater for contingency plans to
take care of rework without affecting scheduled quality.

Motion Study or Method Study:

It is a technique to record and time an activity/operation. It deals with

* Taking motion pictures of the operation of the study with a clock fixed by the side of the operation.
* Operating a motion picture camera or a video camera at a known constant speed.

Steps to Conduct Method Study

Select: In this step, a job or process is selected which is to be considered for method study.
Record: All the relevant facts/information about the process or the job is collected through data
collection or direct observation.

Examine: All the data collected in second step are examined properly.

Develop: Some of the efficient and economical methods of doing that job or process are developed.
Evaluate or Measure: Results of different alternative methods are evaluated and the best one is
selected.

Define: New method among the alternative is defined and presented.

Install: New method as standard practice is installed and persons in applying it are trained to use
the new method.

Maintain: Control procedure is established and maintained.

difference between method study and time study

Basis Time Study Motion Study/Method Study
Meaning The study that determines the | The study of movements like lifting,
standard time taken to performa | putting  objects, sitting and
jobis known as Time Study. changing positions, etc., is known
as Motion Study.
Aim Its main aim is to determine the | It aims to eliminate unnecessary
standard time taken to complete | movement while doing a work.
a task.
Development | It does not develop new methods | It develops new methods of doing
of new method | of doing work. work by eliminating unnecessary
movements.
Tools of Study | Measuring devices like stop | Movie cameras connected with
watches are used in the study. micro-chronometers are used in the
study.
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