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Sec. 1.1 / Production Systems

Customer
order

Production
system
facilities

Business

Manufacturing
functions

planning

Manufacturing
conirol

Figure 1.3 The information—précessing—cycIe in a typical manufac-
turing firm. :

Most of these support systems do not directly contact the product, but they plan and con-
trol its progress through the factory.

Manufacturing support involves a cycle of information-processing activities, as illus-
trated in Figure 1.3. The production systern facilities described in Section 1.1.1 are pic-
turcd in the center of the figure, The information-processing cycle can be described as
consisting of four functions: (1) business functions, (2) product design, (3) mannfacturing
planning, and (4) manufacturing control.

Business Functiops. The business functions are the principal means of communi-
cating with the customer. They are, thérefore, the beginning and the end of the information-
processing cycle. Included in-this category are sales and marketing, sales forecasting, order
entry, cost accounting, and customer billing. )

The order to produce a product typically originates from the customer and proceeds
into the company through the sales and marketing department of the firm. The production
order will bein one of the following forms: (1} an order to manufacture an item io the cus-
tomer's specifications, {2) a customer order to buy one or more of the manufacturer’s pro-

prietary products, or (3) an internal company order based on a forecast of future demand
for a proprietary product, ‘ -

Product Design. 1If the product is to be manufactured to customer design, the
design will have been provided by the customer. The manufacturer’s product design
department will not be involved. If the product is to be produced to customer specifi-
cations, the manufacturer’s product design department may be contracted to do the
design work for the product as well as to manufacture it,

If the product is proprietary, the manufacturing firm is responsible for its develop-
ment and design. The cycle of events that initiates a new product design often originates

Sl L by ) b




Chap. 1 / Introduction

in the sales and marketing department; the information flow is indicated in Figore 1.3.
The departments of the firm that are organized to accomplish product design might
include research and development, design engineering, and perhaps a prototype shop.

Manufacfuring Planning. The information and documentation that constitute
the product design flows into the manufacturing planning function. The information-
processing activities in marjufacturing planning include process planning, master scheduling;
requirements planning, and capacity planning.

Process planning consists of determining the sequence of individual processing and
assembly operations needed to produce the part. The manufacturing engineering and
industrial engineering departments are responsible for planning the processes and related
technical details, Manufacturing planning includes logistics issues, commonly known as

- production planning. The authorization to produce the product must be translated into the
master production schedule. The master produciion schedule is a listing of the products to.
be made, the dates on which they are to be delivered, and the quantities of each. Months
are traditionally used to specify deliveries in the master schedule. Based on this schedule,
the individual components and subassemblies that make up each product must be
planned. Raw materials must be purchased or requisitioned from storage, purchased parts
must be ordered from suppliers, and all of these items must be planned so that they are
available when needed. This entiré task is called material requirements planmng In addi-
tion, the master schedule must not list more quantities of products than the factory is
capable of producing each month with its given humber of machines and manpower. A .
function called capacity planning is concerned with planning the manpower and machine
resources of the firm,

Manufaéturing Controf, Manufacturing control is concerned with managing and
controlling the physical operations in the factory to implement the manufacturing plans.
The flow of information is from planning to control as indicated in Figure 1.3. Informa-
tion also flows back and forth between manufacturing control and the factory operations.
Included in the manufacturing control function are shop floor control, inventory control,
and quality control.

Shap floor control deals with the problem of monitoring the progress of the product
as it is being processed, assembled, moved, and inspected in the factory. Shop floor control
is concerned with inventory in the sense that the materials being processed in the factory
are work-in-process inventory. This, shop floor control and inventory control overlap to
some extent. |

Inventory control attempts to strike a proper balance between the risk of too little
inventory (with possible stock-outs of materials) and the carrying cost of too much inven-
tory. It deals with such issues as deciding the right quantities of materials to order and
when to reorder a given item when stock is ow.

The function of quality control is to ensure that the quality of the product-and its
components meet the standards specified by the product designer. To accomplish its mis-
sion, quality control depends on inspection activities performed in the factory at various
times during the manufacture of the product. Also, raw materials and component parts
from outside sources are sometimes inspected when they are received, and final inspec-
tion and testing of the finished product is performed to ensure functional quality and
appearance. Quality control also includes data collection and pmb]em solving approaches
to address process problems related to quality, Examples of these approaches are statistical
process control {(SPC) and Six Sigma.
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Unit-6

Computerized Manufacturing Planning
System

CONTENTS : Computerized Manufacturing
Aided Process Planning, Retrieval types of process planning,
planning, Material requirement planning, Fundamental concepts 0

Capacity planning.

Planning System : Introduction, Computer
Generative type of process
f MRP Inputs to MRP,

6.1 INTRODUCTION
The product design is the plan for the product, and its components and subassemblies. To
convert the product design into a physical entity, a manufacturing plan is needed. The activity of
developing such a plan is called PROCESS PLANNING. It is the link between product design
and manufacturing.

Process planning involves determination of the sequence of processing and assembly

operations that must be performed to develop the product. Process planning is concerned with
the engineering and technological issues of how to make the product and its parts. The scope and
variety of processes that can be planned are generally limited by the available processing equipment
and the technological capability of the plant.

Process planning is usually accomplished by manufacturing engineers. The process planner
must be familiar with all the manufacturing processes available in the plant and be able to interpret
engineering drawings. The logical steps and decisions incorporated during process planning stage
are as follows :

(1) Interpretation of design drawings : The part or product design must be analyzed (i.e.,
materials, dimensions, tolerances, surface finish etc) at the start of the process planning.

(2) Processes and sequence : The process planner must select which processes are required and
their sequences. A brief description of the processing steps must be prepared.

(3) Equipment selection : In general, process planners must develop plans that utilize existing
equipment in the plant.

(4) Tools, dies, jigs and fixtures : The process planner must decide what tooling is required for
each processing step, which includes dies, jigs and fixtures in addition to cutting tool.

(5) Work standards : Work measurement techniques are used to set time standards for each
operation.

(6) Cutting tools and cutting conditions : These must be specified for each machining operation
very clearly.

Process planning for parts : For individual parts, the processing sequence is documented
on a form called “Route sheet” (operation sheet). A typical route sheet format and the general
contents includes the following information.

(1) All operations to be performed on the workpart listed in the order in which they should be

performed.
163
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(2) A brief description of each operation indicating the processing steps to be perform

(3) The specific machines on which the work is to be done.
(4) Any special tooling, jigs and fixtures required.

(5) Setup time and standard time required to complete the operation.

fines the route that the part

It is called as a route sheet because the processing sequence de
must follow in the factory so as to finish the product manufacturing.

Routing :

Routing is a series of actions to be performed to achieve a partic
production unit routing defines the exact process by which a product is to be manufactured or
a service is to be delivered. That is routing will spell the most efficient and economical way t0
perform a function. In manufacturing sector routings are prepared keeping in mind, the number of
employees’ available, type/s of machinery/equipment available, their capacity and run time etc.

ular goal. In a manufacturing oF

Route sheet :

Route sheet is a hardcopy document which has
listing of all processes and transaction performed in minute detail. It
of manufacturing processes of a part. It provides the exact location of the various processes of the
part. In addition to this it also provides the sequence or order of involvement of various departments
in the production of that part. It also contains details such as date and time log in/out, point of
contact remarks etc..A typical route sheet format is as shown in Table 6.1.

Table 6.1 A typicod Roule Sheol Formal

the information and data inputs and a step wise
is a form containing the details

T i i Machinery/
Description of [ Time taken for .
SL.No. | Symbols | Task Number the task e diisk Equnp:'nent
Required

6.2 COMPUTER AIDED PROCESS PLANNING (CAPP)
Computer Aided Process Planning is a means of implementing process planning function by
computer. The CAPP represents the link between design and manufacturing. There is a much
interest by a manufacturing firm in automating the task of process planning. The subsequent result

Computer Aided Process Planning. The shop-trained people who are familiar with the details of
machining and other processes are gradually retiring and these people will be unavailable in the
future to do process planning. An alternative way of accomplishing this function is needed and
CAPP systems are providing this alternative.
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Computer Aided Process Planning systems are designed around two approaches.

(1) Retrieval CAPP system.
(2) Generative CAPP system.

6.3 RETRIEVAL CAPP SYSTEM

Retrieval type CAPP system also called variant
CAPP systems. It is based on the principles of group
technology and parts classification & coding. In this
approach, similar parts are identified and grouped
together to take advantage of their similarities
in manufacturing and design. Similar parts are
arranged in to a part family. Parts classification
and coding results in a code number that uniquely
identifies the part’s characteristics.

In this type of a CAPP, a standard process
plan 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 an ideal
plan that is prepared for each family.

The general procedure of a retrieval type
CAPP system is as shown in the fig. 6.1.

The user begins by deriving the GT code
number for the component for which the process
plan is to be determined. With this code number, a
search is made in the part family file to determine if
a standard route sheet exists for the given part code.
If the file contains a process plan for the part, it is
retrieved and displayed for the user. The standard
process plan is examined to determine whether
any modifications are necessary. The user edit the
standard plan accordingly. Because of this capability
of alternation to the existing process plan, retrieval
system is also called “Variant System”.

If an exact match cannot be found between
the code number of the new part, the user may
search the computer file for the presence of a
similar or related code number for which a standard
route sheet exist. Now either by editing an existing
process plan or by starting from scratch, the user
can write the route sheet for the new part. This route
sheet becomes the standard process plan for the new
part code number.

165

New product design
(New part design)

Derive GT Code
number for part

i —

Search part family
file for GT code [—*
number

|

Retrieve(std
process p

P
plan file

h

Edit existing plan
or write new plan

k

Process plan
formatter

h

Process plan

Fig. 6.1 : Retrieval type CAPP system
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formatter prints out the
ms like, To determine machining
ard time for operations €tc. One of
m Organisation of Industrial

ession concludes with the process plan

call other application progra
ools. To calculate the stand
CAPP system is MultiCAPP fro

The process planning s
route sheet. The formatter may
conditions for the various machine t
the commercially available retrieval

Research.

6.4 GENERATIVE TYPE CAPP SYSTEM
Generative type CAPP involves the use of the computer to create @
an individual process plan from scratch automatically and without
human assistance. Instead of retrieving and editing an existing
plan contained in a computer database, a generative system creates
the process plan based on logical procedures similar to the human Description 0 fpﬂ

process planner. In a fully generative CAPP system, the process o endls

sequence is planned without human assistance and without a set
ative

of predefined standard plans. The general procedure of Gener:
type CAPP system is shown in fig. 6.2.

Designing a generative CAPP system is a part of the expert

system and branch of artificial intelligence. An expert system is a
t is capable of solving complex problems

computer program tha
that normally requires a human being with more experience and

education.
There are several parameters re uired in a fully generative Capabilities O,fm"‘“:hi“e T
P d yE tools available JJ\W

vy _

Technical + Logical
Decisions

Knowledge-
Base

Y

process planning system. The most important of them are : ,
The technical knowledge of manufacturing and the logic éﬂ'ﬁ"m
used by the successful process planners must be obtained and X
coded into a computer program. In an expertlsystem applied Process plan
e logic of the human

to process planning, the knowledge and th
process planners is incorporated into a “Knowledge Base”. The

generative CAPP system will then use this knowledge base to
solve a process planning problems.

The second parameter in the important list is a computer
compatible description of the part to be produced. The description contains all of the pertinent

data and informations needed to plan the process sequence. The possible ways of providing this
information is given by :
(i) The geometric model of the part developed on a CADD system.
(ii) The GT code number of the part which defines the part features.
The third is the capability to apply the process knowledge and the logic contained in the
knowledge base to a given part. The CAPP system uses its knowledge base to solve a specific

prob}em of wri'ting a process planning. This problem solving procedure is referred as “Inference
Engine”. By using the knowledge base and inference engine, a generative CAPP system synthesizes

a new process plan from scratch for each new part.

Fig. 6.2 : Generative type
CAPP system
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Benefits of CAPP

(1) Process rationalization and standardization : Automated proccsslplanning leads to more
logical and consistent process plans. Standard plans tend to result in lower manufacturing
costs and higher product quality.

(2) Increased productivity of process planners : The systematic approach and the availability
of standard process plans permit more work to be accomplished by the process planners.

(3) Reduced lead time for process planning : Process planners working with the CAPP
system can provide route sheets in a shorter lead time compared to manual process planning
operation.

(4) Improved legibility : Computer prepared route sheets are legible and easier to read and
understand.-

(5) Incorporation of other application programs : The CAPP programs can be interfac_:ed
with other application programs like cost estimation, work standards, estimating machining

conditions etc.

f/ 6.5 COMPUTER INTEGRATED PRODUCTION PLANNING SYSTEMS
The principle functions (or activities) involved in a production planning systems are given in

6 ' Engineering design
Production decisions
Engg. and

Master production Manu.
schedule database

(Giztie M E::ria] l 4 > ‘ i
suppliers f ¢ » Capacity
requirements planning
planning i
v F 7'y
Purchasing
v h 4
| Inventory * Shop floor |,
management |q » control
F -
Y
Raw Factory operations FI.mSth
materials products

Fig. 6.3 : Activities in a production planning and control system
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(1) Master production schedule : Master production schedule is a listing of the products to
be manufactured, when they are to be delivered and in what quantities. It is developed from
customer orders and forecasts of future demand. The master schedule represents the plan of
the production for the firm which serves as an input to the material requirement planning

function.

(2) Material Requirement Planning (MRP) : This is a procedure used for determining when
to order raw materials and components for assembled products.

(3) Capacity planning : Capacity planning is concerned with the planning of production
resources like labor and equipment needed to meet the master schedule.

In addition to the above functions, there are other functions which interface with the
production planning functions. They are :

(i) Engineering and Manufacturing database : This database contains the engineering
data required to make the components. The engineering data includes the product design,
material specifications, bill of materials, process plan etc. This data base is utilized to
perform the planning calculations for MRP and capacity planning.

(ii) Inventory Management : This is concerned with investment on raw materials, work-
in-process, finished goods, factory supplies. This should be as low as possible without
disrupting the production operations.

(i) Purchasing : Purchasing department places the orders that are specified by the
MRP and inventory management. Qualifying vendors are included to achieve this
function.

(iv) Shop floor control : It is concerned with monitoring the progress of orders in the factory
and reporting the status of each order to management so that effective control can be

exercised.

6.6 MATERIAL REQUIREMENTS PLANNING
Material Requirement Planning (MRP) is a computational technique that converts the
master schedule into a detailed schedule for the raw materials and components used in the end
product. The detailed schedule identifics the quantities of each raw material and components
required. It also indicates when each item must be ordered and delivered so as to meet the master
schedule.

MRP is a method of inventory control. It is an effective tool for minimizing unnecessary
inventory investment. MRP is also useful in production scheduling and purchasing of materials.
The master schedule provides the overall production plan for the final products in terms of units
to be produced. Each of the product may contain hundreds of individual components. These
components are produced from raw materials, some of which are common among the components.
The components are assembled into simple subassemblies and these subassemblies are put together
into a main assembly. Each step in the manufacturing and assembly sequence takes time. All these
factors must be considered during MRP calculations.
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6.7 FUNDAMENTAL CONCEPTS OF MRP
MRP is based on the following concepts :

(1) Independent demand versus Dependent demand.

(2) Lead Times.

(3) Commonly used items.

ot directly related to demand
pendent demand. Independent

hat demand for the
raw materials and

Independent demand means that demand for a product is 1
for other items. End products and spare parts are examples of inde
demand patterns must usually be forecasted. Dependent demand means t
item is related directly to the demand for some other product. The components,
subassemblies are the items subjected to dependent deniand. ' '
forecasted. But the raw materials and

\ v 3 .
The demand for the company’s end product can be fo
hedule for end products is established,

component parts should not be forccasted. Once the delivery sc
the requirements for components and raw materials can be calculated directly.

MRP is the appropriate technique for determining quantities of dependent demand

items. These items constitute the inventory of manufacturing i.c., raw materials, work-in-process,
component parts and subassemblies. Thus, MRP is a powerful technique in the planning and control

of manufacturing inventories.
The lead time for a job is the time required to complete the job from start to finish. There are
two types of lead times in MRP. Ordering lead time and manufacturing lead time.

An ordering lead time is the time required from the initiation of the purchase requisition
to the receipt of the item from the vendor. If the item is a raw material that is stocked by the
vendor, the ordering lead time is shorter. If the item is fabricated, the lead time may be larger. The
manufacturing lead time is the total time required to complete the job considering operation time,

Non-operation time and setup time.

and components that are used on more than one

Commonly used items are raw materials
om different products to effect economies during

product. MRP collects these common use items fr
ordering the raw materials.

6.8 INPUTS TO MRP SYSTEM

For the MRP to function properly, it must operatc on dat
serve as inputs to the MRP system and they are

a contained in several files. These files

(1) Master production schedule file.
(2) Bill Of Materials (BOM) file.

(3) Inventory record file.
Fig. 6.4 illustrates the flow of data into the MRP system and its conversion into useful output

reports.

Scanned with CamScanner



10 Computer Integrated Manufacturing

Customer Sales Spare parts
order forecast requirements
h 4
Engineering pr?dj?éfign Inventory
changes sehuitits transactions
h y A
ill of MRP
B:I} of " . | Inventory
material file processor record file
y
Output
reports

Fig. 6.4 : Structure of MRP system

The master production schedule is a listing of what end products are to be produced,
how many of each product to be produced and when they are to be delivered. The master
schedule must be based on an accurate estimation of demand and a realistic assessment of its
production capacity.

Product demand that makes up the master schedule can be separated into three categories.
The first consists of guaranteed customer orders for specific products. These orders usually includes
a delivery date promised to the customer. The second category is forecasted demand. The forecast
may constitute the major portion of the master schedule. The third category is the demand for
individual component parts. These arespare parts and are stocked in the companys spare parts
department.

The Bill Of Materials (BOM) file is used to compute the raw material and component
requirements for end products listed in the master schedule. It provides information
about the product structure by listing the component parts and subassemblies that make
up each product. The structure of an assembled product can be pictured as shown in
figure 6.5
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Fig. 6.5 : Bill of Material structure for a single product

This is relatively a simple product in which a group of individual components make up
two subassemblies which inturn make up the product. The product structure is in the form of
pyramid, with lower levels feeding into the levels above. The items at each successively higher
level are called the parents of the items in the level directly below i.e., subassembly S, is the
parent of component C,, C, and C,. The product structure also specifies how many of each item
are included in its parent. This is shown in the paranthesis. Explanation of the above structure is

provided below.

To produce one product P, 4 items of S, (hence [(S,)4)] and 3 items of S, [i.e. (5,)3] are
required.

One item of S, requires one item of C,, [C,(1)], 4 items of C, and 4 items of C,.

The raw materials required to produce one part C, is M,, part C, is M, and part C, is M,
respectively.

Similar explanation holds good for item S,.

The inventory record file is referred to as the item master file in a computerized
inventory system. The data contained in the inventory record file are divided into three
segments.

(a) Item Master Data : This provides the items identification (part number) and the other data
about the part such as order quality and lead time.

(b) Inventory status : This gives a time phased record of inventory status. In MRP, it is important
to know not only the current level of inventory but also the future changes that may occur
against the inventory.

(¢) Subsidiary data : It provides data such as purchase orders, scrap or rejects and engineering
changes.

The MRP processor operates on the data contained in the Master Production Schedule (MPS),
the Bill of Materials file and the inventory record file.

\NORK’LNQ 0+ MKRP:

Scanned with CamScanner



172 Computer Integrated Manufacturing

The MPS provides a period-by-period list of final products required. The BOM
defines what materials and components are needed for each product. The inventory record
file contains information on the current and future inventory status of each component. The
MRP processor computes how many of each component and raw material are needed each
period by “exploding™ the end product requirements into successively lower level in the
product structure.

6.9 MRP OUTPUT REPORTS
The MRP program generates a variety of outputs which can be used in planning and managing plant
operations. The output include V:}hid‘

(i) Planned order releases ﬁ)rovide the authority to place orders as planned by MRP system.
(ii) Report of planned order releases in future periods.

(i) Rescheduling notices, indicating changes in due dates.

(iv) Cancellation notices, indicating the reasons.
(v) Report on inventory status.

(vi) Performance reports of various types, costs, actual v/s planned lead times etc.

(vii) Exception reports showing deviations from the schedule.

(viii) Inventory forecasts indicating projected inventory levels.

6.10 MRP BENEFITS
The benefits from a well-designed MRP system is

(i) Reduction in inventory.
(ii) Quicker response to changes in demand.
(iii) Reduced setup and product changeover costs.
(iv) Better machine utilization.
(v) Improved capacity to respond to changes in the master schedule.

(vi) As an aid in developing the master schedule.

6.11 CAPACITY PLANNING

Capacity planning is concerned with determining what labor and equipment capacity is required to
meet the master production schedule as well as long term future production needs of the company.
Capacity planning also serves to identify the limitations of the production resources so that an
unrealistic master schedule is not planned.

Capacity planning is typically accomplished in two stages. When MPS is established and
when the MRP computations are done. Fig. 6.6 shows the concept of capacity planning.
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Fig. 6.6 Concept of Capacity Planning

In the MPS stage, a Rough-Cut Capacity Planning (RCCP) calculation is made to assess
the feasibility of the master schedule. Such a calculation indicates whether there is a significant
violation of production capacity in the MPS. A second capacity calculation is made at the time the
MRP schedule is prepared called the Capacity Requirements Planning (CRP). This determines
whether there is sufficient production capacity in the individual department to complete the specific
parts, that have been scheduled by MRP. If the schedule is not compatible with capacity, adjustments
must be made either in plant capacity or in the MPS.

Capacity adjustments can be divided into short term and long term adjustments. Short term
capacity adjustments include the following :

(i) Employment levels : Employment in the plant can be increased or decreased in response to
changes in capacity requirements.

(ii) Temporary workers : Increase in employment level can also be made by using temporary
workers.

(iii) Number of work shifts : The number of shifts worked per production period can be increased
or decreased.

(iv) Labor hours : The number of labor hours per shift can be increased or decreased through the
use of overtime or reduced hours.

(v) Inventory stockpiling : This might be used to maintain steady employment levels during
slow demand periods.

(vi) Order backlogs : Deliveries of the product to the customer could be delayed during busy
periods when production resources are insufficient to keep up with demand.

(vii) Subcontracting : This involves the letting of jobs to other shops during busy periods.
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Capacity planning adjustments for the long term include possible changes in production
capacity that generally require long lead times. These adjustments include

(i) New equipment investments : This involves investing in more machines to meet
increased future production requirements or investing in new types of machines to match
future changes in product design.

(ii) New plant construction : It represents a significant increase in production capacity for
the firm.

(i) Purchase of existing plants from other companies.

Exercise

. Define Process planning. List and explain the logical steps involved init.
. Define CAPP. Discuss the benefits of CAPP.

. With a neat diagram explain the Retrieval type CAPP system.

. With a neat diagram explain the Generative type CAPP system.

. With a block diagram explain the principal functions involved in a production planning

system.

Explain the importance of MRP.

With a block diagram explain the fundamental concepts of MRP.
With a block diagram explain the inputs to the MRP system.

. List the MRP output reports and benefits of MRP.

Define Capacity Planning. How capacity planning can be accomplished?

. What are the short term and long term adjustments needed to meet the capacity. Explain.

Dactesy
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