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UNIT-3 PRODUCT PLANNING AND PROCESS PLANNING  

PART-A 

 
1. Define value analysis. (Nov-2017, Nov-2016, Apr-2015, Apr-2012) 

Value analysis is the systematic application of recognized techniques which identify the 

function of a product or service, establish a monetary value for the function and provide the 

necessary function reliably at that lowest overall cost. 

 
2. What is meant by line balancing or Machine balancing? (Nov-2017) 

It refers to the procedure of adjusting the times at work centres to conform as much as 

possible to the require cycle time.  

 
3. Define Product planning. State the need for Product planning. (Apr-2017, Nov-2016, 

Apr-2015) 

Product planning is concerned with 

i) The evaluation of therange, mix, specification and pricing of existing and new 

products in relation to present and future market requirements and competitions; 

ii) Planning of product range, mix, specification and pricing to satisfy company 

objectives; 

iii) Specifying the research, design and development support required. 

Need for Product planning 

i) Needs determined from current deficiencies 

ii) Needs determined from anticipated deficiencies. 

 
4. What are the steps in process planning? (Apr-2017) 

1) Detailed study of the component drawings, process and machine selection, 

inspection stages and tooling required. 

2) List the surfaces to be machined.  

3) Determine the work centre, tools, cutting tools, jigs and fixtures and inspection 

stages and equipment required. 

4) Determine the speed, feed and depth of cut for each operation.  

5) Estimate the operation time.  

6) Find the total time to complete the job. 

7) Represent the details on the process sheet 
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5. List the problems associated with lack of production planning. (Apr-2016) 

 Difficult to sustain in the market for a long time. 

 Unable to satisfy the needs of the customer. 

 The company’s existing product lines become saturated. 

 Define in the profit margin. 

 
6. Define the term process capability. (Nov-2015) 

Process capability study is a scientific and a systematic procedure that uses control charts to 

detect and eliminate the unnatural causes of variation until a state of statistical control is 

reached. When the study is completed, you will identify the natural variability of the 

process. 

 
7. What are the objectives of value analysis? (Nov-2015) 

 To provide better value to a product/service. 

 To improve the company’s competitive position. 

 To ensure that every element of (Labour, Materials, Suppliers and service) contribute 

equally to the function of the product. 

 To eliminate unnecessary cost. 

 
8. State prerequisite information needed for process planning. (Nov-2014) 

 Assembly and component drawings and bill of materials.  

 Machine or equipment details.  

 The standard times for operation and details of set-up time for each job. 

  Availability of machines, equipment and tools.  

 
9. What is machine capacity? (Nov-2014) 

Machine capacity is the time-available for work at a machine expressed in machine hours. 

For example, a machine may have a maximum capacity of 80 machine hours per week (5 

days of 16 hours (two shifts) each). 

 
10. What are the considerations in selection of an equipment or process? (Apr-2014) 

 Economic considerations 

 Production rate and unit cost of production 
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 Durability and dependability 

 Lower process projection 

 Functional versatility 

 Minimum set-up and put away times. 

 
11. Mention the difference between value engineering and value analysis. (Apr-2014) 

Value engineering – It is the application of a set of techniques to new product at the design 

stage itself. Thus value engineering is a preventive process. 

Value analysis – it is the application of a set of technique to an existing product with a view 

to improve its value. Thus value analysis is a remedial process. 

 
12. What is the problem of machine balancing? (Apr-2012) 

 Balanced process 

 Unbalanced process 

 Accumulation problem 

 Waiting problem or Starving problem 

 
13. Mention the factors affecting the routing procedure. 

 Volume of production 

 Delivery dates for parts or products 

 Material specifications 

 Accuracy and process capability of machines. 

 
14. How is the quantity determined in batch production? 

The minimum cost batch size can be obtained from the expression 


  

m

2 d s
Q

I(1 ) 2 B
 

Where   d=Demand rate: S=Set-up cost;  I=Carrying cost 

   = Demand rate/production rate  B=Storage cost 

 
15. What are the activities associated with process planning?  

1. List of operations to be performed and their sequence.  

2. Specifications of the machines and equipment required.  

3. Necessary tooling jigs and fixtures.  
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PART – B 

1. Explain the various steps involved in value analysis. (Nov-2017, Apr-2014) 

 
1. Identify the product 

First, the product should be identified for study. 

2. Collect relevant information 

The next step is concerned with collecting all relevant information regarding the 

identified product from the point of view of (i) marketing and application, (ii) 

engineering, (iii) manufacturing and procurement, and (iv) economics. 

Some of the information needed to be collected include: 

(a) Technical specification with drawings 

(b) Production processes, machine layout and instruction sheet. 

(c) Time study details and manufacturing capacity. 

(d) Complete cost data and market details. 

(e) Latest development in related products. 

3. Define the functions 

The value content of each function should be specified and the high cost areas have to be 

identified. 

4. Create different alternatives 

Brain storming is the systematic and structural process of generating all possible ideas 

on the basis of creative thinking of a group of people. These ideas may be primarily 

concerned with diagnosing the causes of given problem and or ways of tackling it. 

5. Critically evaluate the alternatives 

The ideas generated in the previous step are compared, evaluated and critically assessed 

for their virtues, validity and feasibility as regards their financial and technical 

requirements. 

6. Develop the best alternative 

Using the detailed development plans that are made in the previous step, the best 

alternative plan should be selected. 

7. Implement the best alternative 

Then the prototype is finally implemented into operation and its results should be 

recorded. 
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2. Define Process planning. What are the various steps in product and process planning? 

explain the various factors considered for selecting a process and equipment (Nov-

2017, Nov-2016, Apr-2016, Nov-2015, Apr-2015) 

OR 

Describe problems of lack of product planning. (Apr-2015, Nov-2014) 

 Process planning 

Process planning involves determining the most appropriate manufacturing and assembly 

processes and the sequence in which they should be accomplished to produce a given part 

or product according to specifications set forth in the product design documentation. 

1) Detailed study of the component drawings, process and machine selection, 

inspection stages and tooling required. 

2) List the surfaces to be machined.  

3) Determine the work centre, tools, cutting tools, jigs and fixtures and inspection 

stages and equipment required. 

4) Determine the speed, feed and depth of cut for each operation.  

5) Estimate the operation time.  

6) Find the total time to complete the job. 

7) Represent the details on the process sheet 

Scope of process planning 

1. Interpretation of design drawings  

The part or product design must be analyzed (materials, dimensions, tolerances, surface 

finishes, etc.) at the start of the process planning procedure. 

2. Processes and sequence 

The process planner must select which processes are required and their sequence. A brief 

description of all processing steps must be prepared. 

3. Equipment selection 

In general, process planners must develop plans that utilize existing equipment in the plant. 

Otherwise, the component must be purchased, or an investment must be made in new 

equipment. 

4. Tools, dies, molds, fixtures, and gages 

The process planner must decide what tooling is required for each processing step. The 

actual design and fabrication of these tools is usually delegated to a 1001design department 

and tool room, or an outside vendor specializing in that type of tool is contracted. 
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5. Methods analysis 

Workplace layout, small tools, hoists for lifting heavy parts, even in some cases hand and 

body motions must be specified for manual operations. The industrial engineering 

department is usually responsible for this area. 

6. Work standards 

Work measurement techniques are used to set time standards for each operation. 

7. Cutting tools and cutting conditions 

These must be specified for machining operations, often with reference to standard 

handbook recommendations. 

Various factors considered for selecting a process and equipment 

 Volume of production 

 The skill and expertise of manpower 

 Delivery dates for parts or products 

 Material specifications 

 Accuracy and process capability of machines 

 Accuracy requirements of parts or products. 

 
3. Explain the phrase “Extending the original product information” with suitable 

examples. (Apr-2017) 

This is a continuous process. In the product life-cycle, when the product enters the 

‘declining phase’, it is essential that some new features are added by way of modification 

and improvement in order to increase their sales. This will prolong the life of the product 

and also the profitability. 

The need for modification may arise due to various factors like 

 Technology upgradation and breakthrough 

 New products in the market. 

 Competitors strategy and advertisement 

 Change in consumer reaction and preferences 

 To add more facilities 

 Increase in value by reducing cost and/or increasing quality 

 Change in government policy 

 Improvement in the quality of life and change in life style of people. 
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 Combination of existing products. 

 Additional units as accessories to existing products. 

 Product miniaturization. This trend was originally confined to electronic products. It 

has now spread to other areas like TV, refrigerator, washing machine, typewrite, PC’s, 

Suitcases, Automobiles, Aero planes,etc. 

 
4. Explain the analysis of process capabilities in a multi -product system. (Apr-2017, 

Apr-2015, Nov-2014) 

Process capability refers to the ability of the process to meet the design specifications for a 

product or service. 

Process capability has three important components: 

1. The design specifications 

2. The centering of the natural variation 

3. The range or spread of variation 

Exhibit illustrates four possible outcomes that can arise when natural process variability is 

compared with design specifications. 

In Fig. (a) in Exhibit, the specifications are looser than the natural variation and we can 

expect that the process will always produce conforming products as long as it remains in 

control 

In Fig. (c), the range of natural variability is larger than the specification, thus the current 

process could not meet specification even when it is under control. 

In Fig. (d), the capability is the same as in Fig. (b) but the process average is off-center. If no 

corrective action is taken, a substantial portion of output will fall outside the specification 

limit even though the process has the inherent capability to meet specifications. 

Reasons for conducting a process capability study 

1. Manufacturing may wish to determine aperformance base line for a process. 

2. To priorities for quality improvement 

3. To provide statistical evidence of quality for customers. 

4. To evaluate a new equipment by the purchasing department 

5. To compare different suppliers by the purchasing department. 

6. To determine the adequacy of R & D pilot facilities. 
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Types of studies 

1. A peak performance study which determines how a process performs under ideal 

conditions. 

2. A process characterization study which is designed to determine how a process 

performs under actual operating conditions. 

3. A component variability study which assesses the relative contribution of different 

sources of total variation. 

Important terms used in Process capability 

1. Process capability ratio𝐶𝑝 =
𝑈𝑝𝑝𝑒𝑟  𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 −𝐿𝑜𝑤𝑒𝑟  𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛

6𝜎
 

2. Process capability index or Process potential index: The relationship between the 

natural variation of a process the design specification is often quantified by a measure 

known as the process capability. 

3. Upper and lower capability Index 

Upper capability index CPU or 𝐶𝑝𝑢 =
𝑈𝑆𝐿− 𝜇

3𝜎
 

Lower capability index CPU or 𝐶𝑝𝑙 =
𝜇−𝐿𝑆𝐿

3𝜎
 

4. The Cpk index, Cpk = minimum of  
𝑈𝑆𝐿− 𝜇

3𝜎
 ,

𝜇−𝐿𝑆𝐿

3𝜎
  

 
5. Briefly discuss about the approaches to process planning. (Apr-2012) 

Computer-Aided Process Planning (CAPP) is a means of implementing this planning function 

by the use of computers Computer Aided Process Planning represents the link between 

design and manufacturing in a CAD/CAM system. Process planning is concerned with 

determining the sequence of processing and assembly steps that must be accomplished to 

make the product. 

 
Retrieval CAPP Systems or variant CAPP system 

A retrieval CAPP system, abo called a variant CAPP system, is based on the principles of 

group technology (GT) and parts classification and coding.  In this type of CAPP, a standard 

process plan (route sheet) is stored in computer files for each part code number. The 

standard route sheets are based on current part routings in use in the factory or on an ideal 

process plan that has been prepared for each family. It should be noted that the 

development of the data base of these process plans requires substantial effort. 
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A retrieval CAPP system operates as illustrated in Figure. Before the system can be used for 

process planning, a significant amount of information must be compiled and entered into 

the CAPP data files.  It consists of the following steps: 

(1) Selecting an appropriate classification and coding scheme for the company,  

(2) Forming part families for the parts produced by the company; and  

(3) Preparing standard process plans for the part families. 

It should be mentioned that steps (2) and (3) continue as new parts are designed and added 

to the company's design data base. After the preparatory phase has been completed, the 

system is ready for use. For a new component for which the process plan is to be 

determined, the first step is to derive the GT code number for the part.  

 

Advantages of Variant type CAPP 

1.  Once a standard plan has been written, a variety of components can be planned. 

2.  The system is understandable, and the planner has control of the final plan. 

3.  It is easy to learn, and easy to use. 

 

Generative CAPP Systems 

Generative CAPP systems represent an alternative approach to automated process planning. 

Instead of retrieving and editing an existing plan contained in a computer data base, a 

generative system creates the process plan based on logical procedures similar to the 

procedures a human planner would like. In a fully generative CAPP system, the process 

sequence is planned without human assistance and without a set of predefined standard 

plans. 
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The problem of designing a generative CAPP system is usually considered part of the field of 

expert systems, a branch of artificial intelligence. An expert system is a computer program 

that is capable of solving complex problems that normally require a human with years of 

education and experience. Process planning fits within the scope of this definition. 

 

There are several ingredients required in a fully generative process planning system. First, 

the technical knowledge of manufacturing and the logic used by successful process planners 

must be captured and coded into a computer program. In an expert system applied to 

process planning, the knowledge and logic of the human process planners is incorporated 

into a so-called "knowledge base. “The generative CAPP system then uses that knowledge 

base to solve process planning problems {i.e., create route sheets). 

 

Advantages of Generative CAPP 

1. Generate consistent process plans rapidly; 

2. New components can be planned as easily as existing components; 

3. It has potential for integrating with an automated manufacturing facility to provide 

detailed control information. 

  
6. Three components are to be manufactured on three machine-centre lathe, Milling 

machine and Cylindrical grinding machine.  

i. Calculate the number of machines required of each kind to produce the 

components if the plant works for 48 hours per week 

ii. Calculate the number of machines required assuming the machine 

efficiency of 75% 
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iii. How do you reduce the number of machines?    (Apr-

2016) 

The following information is given 

Machines 

Component A Component B Component C 
Set up time 

(min) 
Operation 
time (min) 

Set up time 
(min) 

Operation 
time (min) 

Set up time 
(min) 

Operation 
time (min) 

Centre 
lathe 

30 2 55 2.5 40 1.5 

Milling 
Machine 45 8 30 4 - - 

Cylindrical 
grinding 50 10 60 8 60 10 

Other Details 

Lot size 350 400 600 
Quantity 
Demanded 
month 

1750 4000 3000 

 

Machine occupancy time for components A, B and C for Centre lathe 

= 
1750

350
 𝑋

30

60
+  1750 𝑋  

2

60
 +  

4000

400
 𝑋

55

60
+   4000 𝑋  

2.5

60
 +   

3000

60
 𝑋 

40

60
+  300 𝑋  

1.5

60
  

= (2.5+58.33) +(9.166+166.666) +(3.333+75) 

= 314.995 hrs/month 

Now available time for each machine per month 

=48 X 4 = 192 

Therefore No. of Centre lathe required, = 
314.995

192
= 2 𝑁𝑜𝑠 

 
Machine occupancy time for components A, B for Milling machine 

= 
1750

350
 𝑋

45

60
+  1750 𝑋  

8

60
 +  

4000

400
 𝑋

30

60
+   4000 𝑋  

4

60
  

= (3.75+233.333) + (5+266.666) 

= 508.749 hrs/month 

Therefore No. of Milling machine required, = 
508.749

192
= 3 𝑁𝑜𝑠 

 
Machine occupancy time for components A, B and C for Centre lathe 

= 
1750

350
 𝑋

50

60
+  1750 𝑋  

10

60
 +  

4000

400
 𝑋

60

60
+   4000 𝑋  

8

60
 +   

3000

600
 𝑋 

60

60
+  3000 𝑋  

10

60
  

= (4.166+291.666) + (10+533.333) +(5+500) 

= 1344.165 hrs/month 

Therefore No. of Milling machine required, = 
1344.165

192
= 7 𝑁𝑜𝑠 
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7. A gear manufacturer has gear shaper and gear hobbers. The gear can be processed on 

gear shaper as well as gear hobber. The following information is given. Which of the 

two machines will you choose to do the job if the order quantity is (i) 1000 numbers 

and order is unlikely to repeat, and (ii) 1000 numbers and the order is likely to 

repeat for 3 years? (Apr-2014) 

 Gear shaper Gear 

hobber 
Machine time per piece (min) 12 0.4 
Machine cost per hour (Rs) 45 120 
Set up time (min) 60 90 
Tooling up cost (Rs) 400 2000 

 

(i) 1000 numbers and order is unlikely to repeat 

For gear shaper 

Machining cost =   
𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑝𝑖𝑒𝑐𝑒  𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
  𝑋 𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑢𝑟  

  =   
12 𝑋 1000

60
  𝑋 45 = 𝑅𝑠. 9000 

Setup cost =   
𝑠𝑒𝑡𝑢𝑝  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑏𝑎𝑡𝑐   𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
   

 =   
60

60
  𝑋 45 = 𝑅𝑠. 45 

Total cost = Machining cost + Setup cost + Tooling up cost 

 = 9000 + 45 + 400 = Rs.9445 

 

For gear hobber 

Machining cost =   
𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑝𝑖𝑒𝑐𝑒  𝑋 𝐵𝑎𝑡𝑐  𝑠𝑖𝑧𝑒

60
  𝑋 𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑢𝑟  

  =   
4 𝑋 1000

60
  𝑋 120 = 𝑅𝑠. 8000 

Setup cost =   
𝑠𝑒𝑡𝑢𝑝  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑏𝑎𝑡𝑐   𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
   

 =   
90

60
  𝑋 120 = 𝑅𝑠. 180 

Total cost = Machining cost + Setup cost + Tooling up cost 

 = 8000 + 180 + 2000 = Rs.10180 

 

Since the total cost is lesser in gear shaper, therefore the shaper machine will be chosen, if 

the order quantity is 1000 numbers and the order unlikely to repeat. 
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(ii) 1000 numbers and the order is likely to repeat for 3 years 

For gear shaper 

Machining cost =   
𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑝𝑖𝑒𝑐𝑒  𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
  𝑋 𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑢𝑟  

  =   
12 𝑋 1000 𝑋 3

60
  𝑋 45 = 𝑅𝑠. 27000 

Setup cost =   
𝑠𝑒𝑡𝑢𝑝  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑏𝑎𝑡𝑐   𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
   

 =   
60

60
  𝑋 45 = 𝑅𝑠. 45 

Total cost = Machining cost + Setup cost + Tooling up cost 

 = 27000 + 45 + 400 = Rs.27445 

 

For gear hobber 

Machining cost =   
𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑝𝑖𝑒𝑐𝑒  𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
  𝑋 𝑀𝑎𝑐𝑖𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑢𝑟  

  =   
4 𝑋 1000 𝑋 3

60
  𝑋 120 = 𝑅𝑠. 24000 

Setup cost =   
𝑠𝑒𝑡𝑢𝑝  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟  𝑏𝑎𝑡𝑐   𝑋 𝐵𝑎𝑡𝑐   𝑠𝑖𝑧𝑒

60
   

 =   
90

60
  𝑋 120 = 𝑅𝑠. 180 

Total cost = Machining cost + Setup cost + Tooling up cost 

 = 24000 + 180 + 2000 = Rs.26180 

Since the total cost is lesser in gear shaper, therefore the shaper machine will be chosen, if 

the order quantity is 1000 numbers and the order unlikely to repeat. 

 

8. Elaborate on the procedure involved in the determination of quantity, machine 

capacity and balancing in batch production. (Nov-2016, Nov-2015, Nov-2014, Apr-

2012) 

Refer Q. No: 6 

 


