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Manufacturing Planning and Control : MPC
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The MPC system provides information to efficiently manage the flow of materials, effectively
utilize people and equipment, coordinate internal activities with those of suppliers, and
communicate with customers about market requirements.
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( = ) Engineering and Manufacturing Data Base

The data base comprises all the information needed to fabricate the components and assemble
the product. It includes the bills of material, part design data ( either as engineering drawings or some
other suitable format) process route sheets, and so on.

(= ) #4234 Process Planning
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1. Traditional Process Planning

19-5



The proces planning procedure is very much dependent on the experience and judgement of the
planner (manufacturing engineer or/and industrial engineers ) .
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2. Automated Process Planning
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URetrieval-type CAPP systems -
QGenerative CAPP systems

2.1 Retrieval-type CAPP Systems

Based on parts classification and

coding and group technology. For each i Part family

number

part family, a standard process plan is

established. The standard process plan

is stored in computer file and then

retrieved for workparts which belong to Stanr?_ard
machine .
that family. Some form of parts routing oyl

file

classification and coding system is

required to organize the computer files

and to permit efficient retrieval of the Standard

. operation Operation

appropriate  process plan for a new retrieve/edit sequence
iy file
workpart. For some new parts, editing of
the existing process plane may be
required. This is done when the
Process plan Process
i i lan Other

manufacturing requirments of the new D atter apphication

programs

parts are slightly different from the
standard.

Shown in figure, the machine routing file is distinguished from the operation sequence file to
emphasize that the machine routing may apply to a range of different part families and code
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numbers. It would be easier to find a match in the machine routing file than in the operation sequence
file. Some CAPP retrieval system would use only one such file which would be a combination of
operation sequence file and machine routing file.

The process plan formatter may use other application program. These could include programs to
compute machining conditions, work standards, and standard costs. Standard cost programs
can be used to determine total product costs for pricing purposes.

2.2 Generative CAPP Systems

Use the computer to create an individual process plan from scratch, automatically without human
assistance.

The computer would employ a set of algorithms to progress through the various technique and
logical decisions toward a final plan for manufacturing.

In the ideal generative process planning package, any part design could be presented to the
system for creation of the optimal plans. In practice, current generative-type systems are far from
universal in their applicability. They tend to fall short of a truly generative capability, and they are
developed for a somewhat limited range of a manufacturing process.

An illustrated system "GENPLAN" was developed at Lockhead-Georigia Company. It does not
store standard manufacturing plans. Rather, it stores machine tool capabilities and it employs the
logic and technological science of manufacturing.

Part GENPLAN Sequence of
classification I:> Employ the logic and |:> .
] operations
technological _
science of manufacturing Machine tools
to analyze the characteristics Process times
of the part based on the code

number geometry workpart
material,and other manufacturing
related features

2.3 Benefits of CAPP

UProcess rationalization

Qlincreased productivity of process planners
UReduced turnaround time

Qimproved legibility

Ulncorporation of other application programs

3. Machinability Data Systems
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3.1 Definition of Problem
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U Type of Machining Operation
Process type - turning, facing,drilling,tapping,milling, boring,grinding,etc.
Roughing operations versus finishing operation.

WMachine Tool Parameters
Size and rigidity
Horsepower
Spindle speed and feed rate levels
Conventional or NC
Accuracy and precision capabilities
Operating time data

UCutting Tool Parameters
Tool material type
Tool material chemistry or composition
Physical and mechanical properties
Type of tool
Geometry
Tool cost data

UWorkpart Characteristics
Material
Hardness and strength of work material
Geometric size and shape
Tolerances
Surface finish
Initial surface condition of workpiece

WOperating Parameters Other Than Feed and Speed
Depth of cut
Cutting fluid, if any
Workpiece rigidity
Fixtures and jigs used

The methods of solving the speed/feed selection problems are:
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QExperience and judgement of process planner, foreman, or machine operator.
Least systematic approach
Carries the greater risk
UHandbook recommendations
Developed from a systematic analysis of large quantities of machining data which are often
based on laboratory experiments.
Conservative
General guides, not coincide with the particular product line and machine tools.

Not compatible with the automation of the process planning functions.

3.2 Computerized Machining Data System

The system continues to grow with the development of integrated manufacturing data base.

UData base system
WMathematical model system

3.2.1 Data Base System

Collection and storage of large quantities of data from laboratory experiments and shop
experience.

The data base is maintained on a storage file.
3.2.2 Mathematical Model System

To predict the optimum cutting conditions.

>>>> Minimizing cost or maximizing produce rate.

A common mathematical model to predict optimum cutting speed relies on the familiar Taylor
equation for tool life.

VT"=C

where, V is surface speed
T is tool life
C is constants
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(7 ) A *+3 Capacity Planning

The functions of capacity planning are concerned with determining the labor and equipment
resources needed to meet the production schedule.

In the overall production planning and control system. The master schedule is transformed into
material and component requirements using MRP. Then these requirements are compared with
available plant capacity over the planning horizon. If the schedule is incompatible with capacity,
adjustment must be made either in the master schedule or in plant capacity.

Capacity adjustments can be accomplished in either the short term or the long term.

UThe short term adjustments are:
Employment level
Number of work shifts
Labors overtime hours or reduced workweek
Inventory stockpiling
Order backlogs
Subcontracting

UThe long term adjustments are:
New plant construction
Inversting in more production machines or new types of machines to manufacture new product
designs
Purchase of existing plants from other companies
Close down or selling off existing facilities which will not be needed in the future.

(=) % f ¥ 2 Inventory Control

Inventory control is concerned with achieving an optimum balance between two
completing objectives:
=Minimize investment in inventory

= Maximize the service levels to the firm's customers and its own operating departments.
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Where EOQ=Quantity of item to be ordered
D= Annual demand rate for the item
S= Setup cost or ordering cost per order
H=Annual holding cost for item to be carried in inventory
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( ~) Material Requirements Planning

Material requirement planning is a computational technique that converts the master schedule for
end products into a detailed schedule for the raw materials and components used in the end products.

1. Basic MRP Concepts
MRP is based on:

QIndependent versus dependent demand

QLump demand (large increments )

QOLead times (Odering and manufacturing lead time )
QCommon use items

1.1 Independent versus dependent demand

Independent demand means that demand for a product is unrelated to demand for other items.
End products and spare parts are examples of items whose demand is independent.

Dependent demand means that demand for a product is related to demand for other items. Not
only component parts, but also raw materials and subassemblies, are examples of items that are
subject to dependent demand.

MRP is the appropriate technique for determining quantities of dependent demand items. These
items constitute the inventory of manufacturing: raw materials, work-in-progress, component parts,
and subassembilies.
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1.2 Lump demand

In a manufacturing situation, demand for the raw materials and components of a product will
occur in large increments rather than in small, almost continuous units.

1.3 Lead times ( Ordering and manufacturing lead time )
The lead time of a job is the time that must be allowed to complete the job from start to finish.

Ordering lead times for an item is the time required from initiation of the purchase requisition to
receipt of the item from the vendor.

Manufacturing lead time is the time needed to process the part through the sequence of
machines specified on the route sheet.

1.4 Common use items

Collecting these common-use items from different products to effect economies in ordering the
raw materials and manufacturing the components.

2. Input to MRP

MRP converts the master
production schedule into the Customer Sales %erv_if:mp:rﬁ:
detailed schedule for raw order forecasts aul
materials and components.
; . Master
. . Engineering . Inventory
Three inputs to MRP are: changes g(r:%t‘j;é%tllgn transactions
UThe master production
schedule and other order Bill of MRP Inventory
materials record
data file processor file
WdThe BOM file which defines
the product structure
QThe inventory record file Output
records

2.1 Master Production Schedule

The master production schedule is a list of:

dWhat end products are to be produced?
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UHow many of each product is to be produced?
QWhen the products are to be ready for shipment?

The master schedule must be based on an accurate estimate of demand for the firm's product,
together with a realistic assessment of its production capacity.

Product demand that makes up the master schedule can be separated into three categories:
UCustomer orders
UForecasted demand

QORepair parts ( For service use )

2.2 Bill of Material File

BOM is a listing of: P Level 0
(Product)
QORaw material ‘ |
. Level 1 )
QComponent requirement s1 82 (Subassemblies)
dSubassemblies
QProduct structure Level 2
C1 c2 ‘ c3 ‘ c4 c5 cé (components)
: T T T Level 3

T T
: I I I ! I (raw materials)
|

Product structure for product P1

P2

S3 S4

T | -

c4 (o) c7 C2 Cs8

Product structure for product P2

2.3 Inventory Record File

Keeps information on the current and future inventory status of each component:

UOrdering lead time
UManufacturing lead time

3. How MRP Works
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The MRP program computes how many of each component and raw material are needed by
"exploding" the end-product requirements into successively lower levels in the product structure.

There are several factors that must be considered in the MRP parts and material explosion.

UThe component and subassembly quantities given are gross requirements. Hence the
quantities that are in inventory or scheduled for delivery in the near future must be substracted
from gross requirements to determine net requirement for meeting the master schedule.

OMRP computation is manifested in the form of lead times ( ordering lead times and
manufacturing lead times )

UMRP processor must collect the common use items during the parts explosion.

UMaster production schedule provides time-phased delivery requirements for the end products.

4. MRP Output Reports

Primary outputs:

QOrder release notice

UPlanned orders to be released in future periods

URescheduling notice, indicating changes in due dates for open orders
dCancellation notices

UReports on inventory status

Secondary outputs:

QPerformances reports of various types, indicating costs, item usage, actual versus planned lead
times,..

UException reports, showing deviations from schedule, orders that are overdue, scrap,...

Qlinventory forecasts

5. Benefits of MRP

QReduction in inventory (30 - 50% reduction in work-in-process )
QImproved customer service (Late orders are reduced 90% )
UQuicker response to change in demand and in the master schedule
QGreater productivity (5 -30% increase )

UReduced setup and product changeover costs

UBetter machine utilization

Ulincreased sales and reductions in sales price
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(4 ) Shop floor control

Production managements are faced with the problems of acquiring up-to-date information on the
progress of orders in the factory and making use of that information to control factory operations. This
is the problem addressed by a shop floor control system. The term “Shop floor control” refers to a
system for monitoring the status of production activity in the plant and reporting the status to
management so that the effective control can be exercised.

The functions of a shop floor control system are classifed as follows:
QPriority control and assignment of shop orders.

Priority control is concerned with maintaining the appropriate priority for work-in-process in
response to changes in job order status.

UMaintain information on work-in-process for MRP.

To control the work-in-process in the factory, all information relating to quantities and
completion dates for the various step in the production sequence are compared against the
plan generated in MRP. Any discrepancies, due, for example, to parts scrapped in production.
might require additional raw materials to be ordered and adjustments made in the priority plan
for other components in that product.

UMonitor shop order status information.

To monitor shop order status and generate “Work Order Status Report”. The report should be
updated several times per week, depending on the nature of the product and the processes in
the shop.

The type of SFC data includes:

=Piece counts

= Count on scrapped parts or parts needing rework
=Completion of operations in the routing sequence
=Machine breakdowns

=Labor time turned in against a job

Those data are collected by the factory data collection (FDC) system.
UProvide production output data for capacity control purpose.

Provide up-to-date information on production rates and order status from the FDC system to
adjust labor and equipment usage to meet the production schedule.
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(+ = ) Cost Planning and Control

Data of all CIPMS Cost Planning

modules and Control MONEY

The objectives of the cost planning and control system are to help answer:

UWhat are the expected costs to manufacture and sell each of the company's products ?

UWhat are the actual costs to manufacture and sell each of the company's products ?

OWhat are the differences between what is should cost and what it does cost, and how are the
differences explained ?

1. Cost Planning

Cost planning is concerned with: what are the expected cost of manufacturing a product?
The answer is to determine the standard cost for the product:

WCost of labor
W Cost of materials
WAllocated overhead costs

The standard costs are compiled from various data sources and other modules in the CIPMS:

QThe bill of materials (BOM) used in the product
UProcess route sheet

UTime standards

ULabor and machines rates

WMaterial quotations from purchasing

UAccounting data

2. Cost Control

Cost control is concerned with:
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QWhat are the actual costs of manufacturing ?
dWhat are the differences between the actual costs and expected costs?

Cost control involves:

QThe collections of data from which the actual costs of the product can be calculated
UThe preparation of reports that document actual product costs and variances from standard
costs
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UWage incentives

UEstimating and job costing

UProduction scheduling and capacity planning
W Measurement of worker performance

The techniques used to determine time standards include:

UPredetermined time standard systems
UEstimates based on previous experience
QWork sampling

QDirect time study (B4 pFFF= 3 %)

46% of all standards are set by this method. Direct time study involves the direct observation of
the task, timing the elements of the work cycle with a stopwatch, rating the performance of the
operation, applying the necessary allowances, and calculating the standard time for the job.
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The disadvantages of the direct time study method are:

=The performance rating is often disputed by the worker

=The time standard cannot be set until after the job is in production

= There tends to be variability in the standards among time study analyst

=Much time is required

QUse of standard data

Standard data
Operation time
Cost data

Job instruction
Tooling information

The computerized systems are based on the use of standard data stored in computer file. The
term standard data, when applied in the context of work measurement, refers to previously
determined time values corresponding to particular work elements or groups of work elements.

The elements of various type comprise all manual production activities in the factory. The
individual element times depend on the attributes of the job (workpiece weight, size, machine

tool, etc.) . The computer stores these elemental time either in a data file or in the form of a
mathematical formula. To use the package, the time study analyst must analyze the job to be
timed by dividing it into its elements and specifying the attribute of the job for each element.
The computer then retrieves from the file or calculates the element times, sums the times, and

Standard Time System
Analyst analyze the job to be timed by
dividing it into its elements and
specifying the attributes of the job for
each element.

J L

Standard time for the total cycle

Sums the element time
Sums the allowance

applies the necessary allowances to determine the standard time for the total cycle.

The advantages of using a computerized system for generating time standards are:

=Reduction in time required by the time study analyst to set the standard

= Greater accuracy and uniformity in the time standard

=Ease of maintaining the method and standards file

=Elimination of the controversial performance rating step

=Time standards can often be set before the job gets into production
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=Improved manufacturing data base for production planning, scheduling, forecasting labor
requirement, tool control, and so on.

4M DATA system is a commercialized systems for computerized work standards. It is available
from the MTM Association in Fair Lawn, New Jersey. 4M stands for Micromatic Methods and

Measurement.

1 ~ COMPUTER PROCESS CONTROL

B T st S BT AL 4 A TR G a4l o @ & B 4 Process industries
i B 7| Discrete part manufacturing ( Metal machining ~ press working ~ electronic component

manufacturing ~ assembly, and soon) -
(- ) Structural Model of a Manufacturing Process

R AR ot B 0 R A REARSRH o - e g o WART ARG - H#R R Kk (
Variables) 7 #:iE4% > @ &8 %% #7 % 4~ 5 Input variables, Output variables > # B chff 40T

Fixed variables

Uncontrollable

input Measurable

variables output Performance

variables evaluation

Manufacturi variable
anufacturing
process >

Controllable

input

variables

# ¢ > Input variables 7 :

QControllable input variables : 4 Feed, Speed, Flow rate, Temperature setting % ¥ & @4 ¢ o
AEEIE e

WUncontrollable input variables : 4= Tool sharpness, Work-material hardness, Workpiece
geometry % & ;2 sz d 4 A -

QFixed variables : 4= : Tool geometry, work holding device ¥ > tedf iew e X T F - @Az
# (dp Operation i&42* ) 7 iTze g4 -

@ Output variables 7 :
W Measurable output variables : Measured on-line during the process - 4 : Temperature,
vibration, voltage, power, flow rate. % -

QPerformance evaluation variables * ip " Economics of the process ; & " Quality of the product
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1 % Overall process performance ° 4= : Unit cost, production rate, quality level,.. % -
(= ) Process Control Strategies

There are a variety of control strategies that can be employed in process control. The choice of
strategy depends on the process and the performance objectives to be achieved.

U Feedback control
WRegulatory control
QFeedforward control

W Preplanned control

U Steady-state optimal control
U Adaptive control

1.Feedback control

X
@ Process Process
controller

Feedback
measurement

2. Regulatory control

Analogous to feedback control except that the objective in regulatory control is to maintain the
overall performance evaluation variable at a certain set-point level or within a given tolerance band of
that level. In feedback control, the objective is to control the individual output variables at their
respective set-point values.

The purpose of process control is to maintain that quality at desired constant value during the
process. To accomplish this purpose, set points would be determined for individual feedback loops in
the process and other control actions would be taken to compensate for disturbances to the process.

>>>>The compensation action is taken only after a disturbance has affected the process output.

3. Feedforward control

In feedforwand control the disturbances are measured before they have upset the process, and
anticipatory corrective action is taken.
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Disturbance

Feedforward
control
elements

Reference -
value

Process Process

>
« controller
+ -

Feedback
measurement

The disturbance is measured and serves as the input to the feed-forward control element. These
elements compute the necessary  correction action to anticipate the effect of the disturbance on the
process. To make this computation, the feedforward controller contain a mathematical or logical
model of the process which includes the effect of the disturbance. Feedforward control by itself does
not include any mechanism for checking that output is maintained at the desired level. For this
reason, feedforward control is usually combined with feedback control.

The feedforward loop is especially helpful when the process is characterized by long "response
time" or "dead times" between inputs and outputs.

4 _Preplanned control

The term preplanned control refers to the use of the computer for directing the process or
equipment to carry out a predetermined series of operation steps.

The control sequence must be developed in advance to conver the variety of processing
conditions that might be encountered.

This control strategy usually requires the use of feedback loop to make certain that each step in
the operation sequence is completed before proceeding to the next step.

Other terms used to describe control strategies which are either identical or similar to preplanned
control are:

dComputer Numerical Control
UProgram Control
U Sequence Control

5.Steady-state optimal control

Two features of the system must be known in advance:
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QPerformance evaluation variable : Measurement of system performance called the objective
function, index of performance, or figure of merit.
U Mathematical model of the process : The relationship between the input variables and the

measure of process performance must be mathematically defined.

The mathematical model of the process may include constrains on some or all of the variables.
These constrains limit the allowable region within which the objective function can be optimized.

WDetermining the input variables
O Optimizing the objective function

To accomplish this task, a great variety of optimization techniques include differential calculus,
linear programming, dynamic programming, and the calculus of variations.

6.Adaptive control

Operated in a time-varying environment
The functions of adaptive control are:

Uldentification function
>>>>Determining the current performance of the process or system
QDecision function
>>>>Decide how the control mechanism should be adjusted to improve process performance
>>>>Carried out by means of a preprogrammed logic
O Modification function
>>>>|mplement the decision ( change the system parameters or variables )

>>>>Concerned with a physical or mechanical change in the system

Time varying
enviroment
Process Process
outputs
System inputs P P
inputs
—— == Controller Process %; —_—
Modification
Measurements
Decision
Identification
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( = ) Organization of Control System

1. Direct Digit Control

DDC - Direct link between the computer and process

The computer calculates the desired values of the input variables, and then these calculated

values are applied directly to the process.

The component of a DDC system:

QTransducer and sensor (located in the plant)

QActuator (servomotors,valves, relays )

UAnalog controller

W Recording and display device

U Set-point dial and comparator

UA/D, D/A converters
U Multiplexer

Input variables

Process

Output variables

Output
multiplexer

DAC

Process interface
devices
(Stepping motors,etc.)

Input
multiplexer

ADC

Transducer
_and associa’ged
instrumentation

DDC

Operator
console

computer

2. Supervisory Computer Control

SCC denotes a computer process control application in which the computer determines the

appropriate set-point values for each control loop in order to optimize some performance objective of

the entire process. The performance objective of the process might be maximum production rate,

minimum cost per unit of product, yield, or some other objective that pertains to the process.
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The various control strategies used in supervisory computer control include regulatory control,

feedforward control, preplanned control, optimal control, and adaptive control.

In SCC system, adjustment in the set points for the individual control loops are accomplished in

either of two ways:

WAnalog control

UDirect digital control

Fixed variables

Uncontrollable
input Measurable
variables output Performance
—_— variables evaluation
Manufact variable
- = anufacturing
_— = process >
- -
Controllable
input
variables Measurements
Change to inputs
Analog Definition of
control performance
or DDC
Change to set points
Supervisory
computer
control

3. Comparison Between DDC and SCC

Direct Digital Control

Supervisory Computer Control

Control strategies

Feedback control
Regulatory control
Feedforward control

Regulatory control
Feedforward control
Preplanned control
Optimal control
Adaptive control

Configuration types

Centralized

Optionally distributed
Fully distributed

Applications

Continuous process
industries

Continuous pocess industries
Direct numerical control

Flexible manufacturing system

19-34




(= ) Process Control Configuration

1.Centralized Control

All of the controller, switches, dials, recorders, and displays are located in the central control
room, where the operator can monitor the process and take the appropriate action to remaintain
smooth operations of the plant. The sensors and actuators are still located in the plant where the
process takes place, but connections are established to communicate signals between the central
controllers and their respective sensors and actuators.

2 .Distributed Control

The individual controllers are physically located at or near the particular operation being
controlled. A digital data bus, capable of transmission in both direction, is used to connect the central
control room with the satellite station. Signals (analog or digital ) are transmitted (by wires,tubes,
or digital data bus) between the satellite station and the sensors and actuators in that section of the

plant.
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