
New Jersey Institute of Technology New Jersey Institute of Technology 

Digital Commons @ NJIT Digital Commons @ NJIT 

Theses Electronic Theses and Dissertations 

5-31-1991 

Implementation of a production planning and control system in a Implementation of a production planning and control system in a 

small manufacturing company small manufacturing company 

Carmelo Pernice 
New Jersey Institute of Technology 

Follow this and additional works at: https://digitalcommons.njit.edu/theses 

 Part of the Manufacturing Commons 

Recommended Citation Recommended Citation 
Pernice, Carmelo, "Implementation of a production planning and control system in a small manufacturing 
company" (1991). Theses. 2583. 
https://digitalcommons.njit.edu/theses/2583 

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital 
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons 
@ NJIT. For more information, please contact digitalcommons@njit.edu. 

https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2583&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/301?utm_source=digitalcommons.njit.edu%2Ftheses%2F2583&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2583?utm_source=digitalcommons.njit.edu%2Ftheses%2F2583&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu


 
Copyright Warning & Restrictions 

 
 

The copyright law of the United States (Title 17, United 
States Code) governs the making of photocopies or other 

reproductions of copyrighted material. 
 

Under certain conditions specified in the law, libraries and 
archives are authorized to furnish a photocopy or other 

reproduction. One of these specified conditions is that the 
photocopy or reproduction is not to be “used for any 

purpose other than private study, scholarship, or research.” 
If a, user makes a request for, or later uses, a photocopy or 
reproduction for purposes in excess of “fair use” that user 

may be liable for copyright infringement, 
 

This institution reserves the right to refuse to accept a 
copying order if, in its judgment, fulfillment of the order 

would involve violation of copyright law. 
 

Please Note:  The author retains the copyright while the 
New Jersey Institute of Technology reserves the right to 

distribute this thesis or dissertation 
 
 

Printing note: If you do not wish to print this page, then select  
“Pages from: first page # to: last page #”  on the print dialog screen 

 



 

 

 
 

 
 
 
 
 
 
 
 
 
The Van Houten library has removed some of the 
personal information and all signatures from the 
approval page and biographical sketches of theses 
and dissertations in order to protect the identity of 
NJIT graduates and faculty.  
 



ABSTRACT 

Implementation of a Production Planning and 

Control System in a Small Manufacturing Company 

by 

Carmelo Pernice 

This thesis analyzed and discussed the implementation of a 

production control system in a small manufacturing firm. The 

basic concepts of production control were provided to give in-

sight on the methodologies typically applied in production con-

trol systems. Overviews were presented on Material Resource 

Planning, Capacity Planning, and Shop Floor Control, as well as 

any supporting methodologies and technologies. 

As with any project, some investigation was done in order 

to choose a system which best suits the company's needs. At 

Teledyne Adams, The DCD Shop Floor Control System was chosen 

since it is capable of handling batch manufacturing as well as 

mass production. Details of how the DCD software works were 

provided. 

The actual implementation process experienced several dif- 

ficulties. These difficulties arose from the basic problem of 

lacking the required background in the forementioned 

methodologies. Also, insufficient training proved to hinder the 

implementation. Much of the staff required training in produc- 



tion control and computers. As a solution to the problems a plan 

to educate all involved was proposed. A person's involvement 

with the system dictated how much training they were to receive. 

The thesis provides an excellent background in production 

control. It was shown that problems occur when any methodologies 

are implemented in a real situation. Additionally, the impor- 

tance of commitment by management and patience were stressed in 

any implementation. At the writing of this thesis the implemen-

tation is still in progress. Therefore, the effectiveness of the 

proposed solution remains to be seen. 
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CHAPTER 1 

INTRODUCTION 

1.1 Competitiveness Through Computer Integrated 

Manufacturing 

Foreign competition has forced the U.S. to re-evaluate 

manufacturing. In the 80's, companies invested large sums 

of money in new technologies. Most of these purchases were 

for automating existing plant equipment or for new automated 

machines. Many companies did not yield the anticipated 

returns or improvements, some even lost money as a result. 

The new buzzword became CIM, computer integrated manufactur- 

ing. The goals of CIM address the major problems facing 

U.S. manufacturers. Some of these problems are improving 

quality, reducing development and production lead times, and 

increasing flexibility. Although CIM does remedy the above 

problems, it is not a panacea. However, CIM is essential 

for improving U.S.' competitiveness. 

By definition, a CIM system's functions are responsible 

for the integration and management of the new computer-aided 

technologies as well as traditional manufacturing functions. 

As shown in Figure 1.1, CIM integrates four major areas: 

Manufacturing Management, CAD, CAM, and Production Planning 

and Control. The design and manufacturing areas have been 

at a state of the art plateau and further developments are 
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being made every day. With the power PC's have now, anyone 

can afford a CAD system as well as, computer controlled 

equipment. Manufacturing Management is concerned with 

manufacturing decisions which are made at the corporate 

level. It is in this area where company strategic goals are 

formulated. This area has been automated for some time now. 

Many companies know this as a Management Information System 

(MIS) and have had such a system in place for years. The 

Production Planning and Control (PP&C) area does just what 

the name implies, plan and control production. However, in 

comparison to the other three areas companies did not seem 

to place any urgency in this area. This is partially due to 

the fact that this area requires new ways of thinking. An 

example of such thinking, JIT does not allow carrying inven- 

tory. This reluctance of changing ways can be easily seen 

in many plants. The methodologies which drive the PP&C sys-

tem have been around for a while. These methodologies have 

also been computerized for years. CIM has forced the in- 

tegration of the individual methodologies into one system. 

1.2 Integrated Manufacturing 

Today, the PP&C system is an information system which 

can fully integrate manufacturing with marketing/sales and 

finance/accounting. The information contained within the 
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system can run an entire company, whether the factory floor 

is automated or not. 

All of manufacturing is moving towards the concept of 

integration. These can be seen by the recent emphasis 

placed on simultaneous engineering. Design and manufactur-

ing engineers working together, instead in their own realm. 

In integrated systems, components make decisions for the 

benefit of the entire system. It is not possible to have 

CIM with a manufacturing system which is not integrated. 

Integration does not necessarily mean that computers are re-

quired, but they are extremely valuable. 

Computers play an important role in manufacturing. 

Their importance in data processing is tremendous. Their 

value carries over into the world of manufacturing. Their 

roles in manufacturing include automation control, informa-

tion storage and retrieval, information transfer, and deci- 

sion support. This is another case of computers processing 

data quickly, expediting decision making, and storing and 

retrieving information efficiently. 

CIM is the ideal state which all manufacturing 

facilities steer towards. Of course, the extent of which 

each individual facility achieves the goal varies from near 

anarchy to a General Motors facility, a state of the art 

facility. However, in order to reach the CIM state, one 

must not forget the definition. One cannot have CIM without 

integrated manufacturing. Automating machinery is not dif- 
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ficult. Designing via CAD is commonplace. Computerized 

systems have been used for business information for decades. 

But, in production planning and controls, unless the company 

is an IBM or GM, very few companies have advanced in the 

planning and control area. 

1.3 Manufacturing Information Systems 

Over 75% of US companies are small to medium size. 

Very few companies have the means of an IBM or GM. These 

companies have limited capital. A handful of these com- 

panies can afford a full blown CIM system. In addition, 

some of these companies probably would not get the full 

benefits of such an implementation. Nonetheless, this does 

not mean that they cannot modernize their control of the 

factory floor. With all the recent advances in computers, 

even the smallest shop can afford a small PC based system to 

be used for CAD, CNC, accounting or inventory control. 

In manufacturing the ability to trace orders through 

the plant is some of the most important information which 

needs to be reported. With all the recent emphasis on up- 

dating manufacturing facilities, most concentrated on the 

hardware, such as machinery and computers. Now, equal im- 

portance has been placed on the information systems. For 

smaller companies this comes in the shape of Closed-loop 

Material Requirements Planning. 
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This thesis deals with the implementation of a closed-

loop MRP system in a small manufacturing company. Back-

ground information on production control systems will be 

presented to provide a basis by which the implementation can 

be gauged. A brief discussion about the company, Teledyne 

Adams, will illustrate the way the company operates. A dis-

cussion on the production control system, DCD, will provide 

the basics for its operation. Having laid all of the above 

groundwork, the implementation will be discussed. The dis- 

cussion will detail the problems encountered and the solu-

tions utilized. 
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CHAPTER 2 

PRODUCTION PLANNING AND CONTROL SYSTEMS BACKGROUND 

A Production Planning and Control System (PP&CS) is an 

information system for manufacturing. As the name implies, 

the system is used for planning and controlling. In the 

planning aspect, the system acts as a buffer and translator 

between a company business plan and the factory. It at- 

tempts to execute the goals set by the management. The con-

trol aspect of a PP&CS, is concerned with getting informa-

tion to and from the factory floor. A PP&CS coordinates the 

decision-making processes used in manufacturing. Because of 

the interdependencies of the different modules, any change 

can affect more than one module. Refer to Figure 2.1. The 

system assures that all related modules receive the informa-

tion. 

Any planning and control system's main objective is to 

plan so that all contingencies will be avoided and if such 

problems do occur, remedies are readably available. The 

decisions which a PP&CS addresses include production ac-

tivities, production scheduling and materials movement. The 

major problems or issues the PP&CS must deal with are: 
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1. Plant capacity - Production cannot meet schedules 

due to insufficient labor and/or equipment. 

2. Suboptimal production scheduling - Job scheduling is 

mishandled because of unclear order priorities, insufficient 

scheduling rules and changing job status. 

3. Long manufacturing lead times - Lead times are ex-

tended in order to compensate for scheduling and capacities 

problems. 

4. Inefficient inventory control - Too much WIP and 

finished goods inventory is carried so that increases in 

demand are covered. Stockouts occur because of late 

deliveries and inaccurate records of raw materials. 

5. Low utilization - Poor scheduling and unforeseen 

problems such as breakdown and reduced product demand. (1) 

In simplified terms a production control and planning 

system answers the following questions: 

1. What to produce? 

2. How much to produce? 

3. When to produce it? 

4. Where to produce it? 

5. When to do maintenance? 

6. When to order materials? 

7. How much inventory to carry? 
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There are two approaches to production control. The 

first is using frameworks. Frameworks implement independent 

methodologies to achieve planning and control. However, the 

integration of the different methodologies is difficult, and 

is usually shied avoided. The second is systems based on 

single methodologies. These methodologies provide the force 

by which the system is driven. Some of these systems in- 

clude: 

- MRP and MRPII 

- JIT / Kanban 

- OPT (Optimizing Production Techniques) 

- HPP (Hierarchical Production Planning) 

The system which will be the subject of this thesis is the 

first system listed, MRP and MRPII. However, an MRP driven 

production planning and control has varying levels of depth. 

There are three types of MRP implementation. These types 

are as follows: 

TYPE I : Used primarily for inventory control 

TYPE II: Includes a capacity planner 

TYPE III: Full fledged production control system. 

It links MRP to MRPII. 
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It can be seen that one may start out with a Type I system 

and in time upgrade to a Type II or Type III system. This 

paper will deal with a Type II system. A Type II system in-

cludes a capacity planner which verifies plant capacities. 

The DCD system being installed at Teledyne Adams is a Type 

II. This provides a closed loop control system. The 

American Production and Inventory Control Society defines 

closed-loop MRP as: 

"A system built around material requirements planning and 
also including the additional planning functions of Produc-
tion Planning, Master Production Scheduling, and Capacity 
Requirements Planning. Further, once the planning phase is 
complete and the plans have been accepted as realistic and 
attainable, the execution functions come into play. These 
include shop floor control functions of Input-Output 
measurement, detailed scheduling and Dispatching... The 
term "closed-loop" implies that not only is each of these 
elements included in the overall system but also that there 
is feedback from the execution functions so that the plan-
ning can be kept valid at all times." (APICS Dictionary. 
Falls Church, Va. American Production and Inventory Control 
Society, 1984. p 4) 

The DCD Shop Floor Control system falls into this category. 

The DCD system is a PC (network) based production planning 

and control system. This system concentrates on the follow-

ing four functions of a production system: 

1. Master production schedule 

2. MRP 

3. Capacity planning 

4. Shop Floor Control 
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Other production planning functions DCD handles include: 

- Engineering and manufacturing database. Data needed to 

make components and assemble products. Production design, 

component material specifications, and bill of materials. 

- Inventory management. Concerned with keeping invest-

ment in raw materials, work-in-process, finished goods, 

plant supplies, keeping spare parts stock low. 

- Purchasing. Places orders specified by MRP system. 

Qualify vendors and keep a supply of sources for parts and 

components. (1) For details refer to Figure 2.2 

12 





CHAPTER 3 

MATERIAL REQUIREMENTS PLANNING 

3.1 Introduction 

The term MRP stands for material requirements planning. 

There are genuine MRP systems and psuedo-MRP systems. See 

Figure 3.1. Certain companies do some form of material re-

quirements planning without having a real MRP system. 

The common objective of all MRP systems is to determine 

the gross and net requirements for discrete time periods for 

each inventory item so as to generate the information re-

quired for the correct action or reaction. 

MRP causes fear in the hearts of many uninitiated 

manufacturers. These fears arise because, there are several 

misconceptions. MRP is not complicated. It does not re- 

quire a long time to implement and does have disastrous 

results. MRP systems are not costly. The fundamentals of 

MRP known intuitively to all manufacturers, small or large. 

The simplest way to illustrate how easy MRP is, really, 

is through the use of an example. In Tooling & Production's 

July 1989 issue, "MRP was made easy". 

"Let's take an imaginary Mr Jones, who owns the $5 mil-
lion Widget Mfg. Co. He's convinced that MRP is far beyond 
his capabilities . Listen to how he responds when I ask him 
this question: " If I order 500 widgets today, could you 
deliver them in eight weeks?" 
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After some thinking the answer comes back, "Yes. 
could deliver them in seven weeks." 

"And how did you come to that conclusion?" I ask. 
"Well," replies Jones, "I've got 200 on hand, so I 

still need to make 300. They'll take about a week to build. 
But I haven't got enough subassemblies to make 300 widgets, 
so I need to make some of them, and they will take about two 
weeks. 

"Today, I'll order components that take about four 
weeks to get before I can build the subassemblies. So al- 
together, it will be about seven weeks to complete the 
order." 

Without knowing it Mr. Smith has just performed MRP." 

The example used was simple, but the logic remains the 

same for an assembly of a hundred components. Also, Mr. 

Jones did approximate the times. It also was one finished 

product, the company may produce several hundred. One 

should be able to see that the logic is not complex. The 

amount of data that makes things difficult. (2) 

MRF's methodology is based on the answering of the fol-

lowing questions (2): 

1. What do I need to make? 

2. When do I need to make it? 

3. What do I need to buy? 

4. When do I need to make it? 

Four of the seven questions addressed by a production con-

trol system are accounted for by MRP. 
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3.2 MRP's Purpose 

MRP systems are capacity-insensitive. This means that 

the system might call for the production of parts for which 

there is not sufficient capacity. Although, the system is 

really determining what capacity is required for the given 

production schedule. 

MRP, if used properly, can be a highly effective tool 

in managing manufacturing inventory. These reasons include 

(3): 

- Inventory costs can be held to a minimum. This 

can lead to Just-In-Time program. 

- A MRP system is sensitive to change and reacts 

to such. 

- The system can foresee any inventory problems 

which may arise in the future. 

- Under MRP, inventory is controlled by actions 

rather than clerical bookkeeping. 

- Quantities ordered are directly related to re-

quirements. 

- Timing is emphasized for requirements and 

coverage. 
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Because of its emphasis on timing, the system can generate 

outputs which serve as inputs to other area systems such as 

logistics, purchasing, shop scheduling, dispatching, to name 

a few. A good MRP system can form a foundation for other 

computerized functions in production and inventory control. 

3.3 Time Phasing 

The importance of up-to-date information or data must 

be stressed in the production environment. In an MRP system 

the data has a time component related to it. The calculat-

ing module in an MRP system looks at all the demands in the 

system. Then the program takes into account when the 

demands are scheduled, and how the due dates are spread out 

over time. This is called time-phasing. Time phasing is 

the incorporation of the time dimension to inventory data, 

by associating dates or time periods to the respective quan- 

tities. The classic inventory status equation is as fol- 

lows: 

A + B - C = D 

where: A = quantity on hand 

B = quantity on order 

C = quantity required 

D = quantity available 
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The quantity required is derived from either customer's 

orders or a forecast. If the availability is negative, 

coverage is lacking and an order would have to be placed. 

This answers the question of "what" and "how much". However 

the crucial question of "when" remains unanswered. This 

question breaks down into several: 

- When is the quantity on order due? 

- Are there multiple orders? 

- When is the order actually required? 

- Is the order needed all at once? 

- Will a stockout occur? If so, when should it be 

replenished? 

Before, these questions could not be answered, and the in-

ventory planner had to depend on his own estimates, guesses 

or on rules of thumb. (3) 

Time phasing is the development of the information on 

timing which answers all of the above questions. The data 

might be shown as follows: 

On hand: 30 week:l 2 3 4 5 6 7 8 9 

Open orders due: 0 0 0 0 25 0 0 0 0 

Quantities req'd: 0 20 0 35 0 0 0 0 10 

Available: 30 10 10 -25 0 0 0 0 -10 
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In the fifth week, there is an open order for 25. In weeks 

two, four and nine, there are demands for quantities of 20, 

35, and 10, respectively. The replenishment order need not 

be completed until week nine. This shows the latest release 

for that order. In this case the time phasing also shows 

that there is a stockout in the fourth week. The inventory 

planner sees the shortage before it actually happens, four 

weeks in advance. Therefore, he can reschedule the open or-

der to be completed one week earlier. 

The burden in maintaining all the time-phase data is 

tremendous. Unlike non-time-phased data, there are more 

elements to be concerned about with time-phased data, quan- 

tity and timing. Here is a classic computer application 

where the processing of large quantities of data is per- 

formed quickly and efficiently. Without a computer, the 

data manipulation is manually impossible. (3) 

3.4 Prerequisites 

Present-day MRP systems are based on certain fundamen- 

tal assumptions which yield several prerequisites. These 

prerequisites are as follows: 

- A master production schedule 

- A bill of materials 

- Each item has its own unique part number 
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- A process plan 

- Inventory records 

- Technically correct data 

- Known lead times 

- All the items in the assembly are available to be 

released to the factory for assembly. 

- "Discrete disbursement and usage". This means the 

exact amount ordered is the amount required and the 

exact amount used. 

- Process independence. This is where two parts are to 

meet at a certain operation for a mutual setup or 

process. An MRP system would have to be adapted 

for so-called mating part relationships. (3) 

The above assumptions and prerequisites question the ap- 

plicability to a given type of manufacturing. Even when 

most of the above requirements are not met, management can 

modify those things which do not fulfill the requirements. 

For instance, part numbers can be created, a bill of 

material can be drawn up, and file data integrity can be 

maintained. Whether or not the preconditions exist is a 

question of management practice rather than the type of 

business. It is clear that the application of MRP methods 

is generally limited to discrete process manufacturing. 

Material requirements planning can be said to be primarily a 

"component fabrication planning system". MRP can be used by 
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anyone who is capable of having a master production 

schedule.(3) 

3.5 Master Production Schedule 

The master production schedule is a chart which dis-

plays what products are due for delivery. Although it may 

be extremely large for certain companies, the schedule is 

simply a calendar. Figure 3.2 shows the simplicity of the 

chart. The main objective is to assure that the plant 

satisfies customers by meeting delivery schedules. The 

master production schedule (MPS) answers the following basic 

questions: 

- What is to be produced? 

- How many to produce? 

- When is delivery required? 

The master production schedule is one of the three main 

inputs to a MRP system. The other two, inventory status and 

bill of materials, supply reference data. The MPS contains 

the input which drives an MRP system. All manufacturing 

companies have master production schedules in one form or 

another, although it may not be expressed in a formal docu-

ment. For an MRP system, a formal document is a 
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N ,.., 

Pf7C2OUCT 1 2 3 4 5 6 

A 300 250 150 

B 100 250 100 

C 450 100 200 

FIGURE 3.2 SIMPLE MASTER PRODUCTION SCHEDULE 



necessity. (3) For MRP, the time period of the schedule must 

be the same as those used in the system, usually in weeks. 

The planning horizon is the period of time which the 

master production schedule covers. The planning horizon 

ranges from 2 weeks to 12 months. This span may be divided 

into a firm and a tentative portions. The firm portion rep-

resents the items already committed to production, while the 

tentative are items planned in the future. (3) 

Two types of functions directly relate to the firm and 

the tentative portions of the MPS, short and long term. 

Short term functions include the basis for MRP, production 

of component-items, establishing order priority, and plan- 

ning of short term capacity requirements. Long term func- 

tions include estimating long term demand on the company's 

resources. Although the firm portion is required in order 

to release orders, it provides visibility in the future on 

an item-by-item basis. The MPS is updated monthly. The 

reason for the monthly updating is so that the schedule can 

be easily coordinated with the forecasting cycle, which is 

usually in months. However, occasions do arise where 

various unplanned developments incur the need to revise the 

schedule between the planned revisions. It is highly 

desirable for the MRP-based (PP&C) system to be able to up-

date on a more frequent basis than the forecasting cycle. 

The system loses its effectiveness if it is not used to 

replan at least once a week. 
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3.5.1 Master Schedule Development 

There is no standard method in developing a master 

production schedule. However, referring to Figure 3.3, 

there are a number of logical steps which can serve as a 

guide in developing a schedule. Modifications can be made 

accordingly from company to company or from the different 

types of manufacturing. The MPS is basically a report of 

the future load on a company's resources. The load is 

derived from requirements put on the plant, which must 

satisfy the demand of particular products. The MPS draws 

its product demand from three sources. The first source is 

customer orders. These are the typical orders which are 

promised to the customer for a particular date. The second 

source is forecasted demand. The forecasts may be based on 

statistical methods or sales estimates. For certain in- 

dustries, the MPS is primarily derived from forecasted 

demand. The third source is demand for component parts. 

These components are used for service parts and are usually 

made to stock. This category may be excluded from the MPS. 

(1) 
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3.5.2 Making A Feasible Master Schedule 

The master production schedule must be realistic. 

Before MRP and computers the schedule could not be monitored 

easily. The schedule was a goal that the plant attempted to 

reach but never fulfilled. Thanks to closed-loop MRP, a 

master production schedule can be realistically formulated. 

It is also accurately monitored and thus, may be adjusted 

accordingly. Today, the MPS is a closed loop system, having 

inputs and feedback. 

3.5.3 Management And The Master Schedule 

It has been suggested that the master production 

schedule be automated and control given completely to the 

computer. This includes preparation and maintenance. 

However, the schedule is the plan of production from which 

all planning is derived. All actions and reactions cannot 

be left to a computer program. Management still must make 

the decisions and initiate changes in production. Nonethe- 

less, research in AI has recently been aimed towards produc- 

tion control functions. The schedule only provides direc- 

tion. This demonstrates that the MPS is not a goal not sub-

ject to change, which can be overambitious and unrealizable. 

The schedule should be feasible, flexible, adapting to 

changing conditions. With a MRP system an inflexible master 
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production schedule will produce invalid capacity planning. 

(3) 

3.6 Configuring A System 

The production control methods used are based on the 

machine technology base and the way production is organized. 

This is performed by the use of a database. This database 

details the product, its manufacturing processes required, 

and the flow of the product in the production system. The 

main sources for this information are: 

1. Bill of Materials 

2. Production Routing Sheet 

3. Process Plan 

4. Standard Time 

5. Standard Cost Database 

How the system is tailored affects the system's effec- 

tiveness. It is critical how the system is configured with 

respect to the following six setup parameters: 

Planning Horizon Span 

Obviously, too short of a planning horizon will cause 

problems. The timing of releases for low level items may be 

such that they would have to be released some time before 
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the present. See Figure 3.4. Other problems include the 

inability to apply lot-sizing techniques which can incur un-

necessary costs because of insufficient net requirements 

data. Also, because of the lack of visibility, the capacity 

requirements planning will yield inaccurate load reports. 

(3) 

Size of the Time Bucket 

The time-bucket size selected by the user can affect 

timing. Since the MRP system is based on timings of 

releases/orders, having too course (long) of a time-bucket 

will yield imprecise results. For example, one month 

periods are too course when orders are based on monthly re-

quirements. On the other hand, having too small a time-

bucket would produce a large number of data elements which 

would have to be processed by the system. The size selected 

must be compromised. A one-week bucket size has been found 

to be practical for most manufacturing firms. (3) 

System Coverage of Inventory Classes 

The ABC classification system was developed to reduce 

the computational burden of accounting for inventory. Its 

logic is based on Pareto's law, "The vital few and the 

trivial many". This system arranges inventory so attention 
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is focused on the higher priced items. The following is a 

typical breakdown of the classes: 

Class A: Top 50-60% of investment containing 5-10% of items 

Class B: Next 25-40% of investment containing 20-30% of 

items. 

Class C: Final 5-15% of investment containing remaining 

60-75% of items. 

One can see that most of the inventory investment lies in a 

small percentage of the items. So to control inventory 

costs the system concentrates on the higher priced items. 

By having tight control on 30-40% of the items, over 75% of 

the investment is controlled. See Figure 3.5. The classes 

also dictate the stringency of the control for the classes. 

Class A has strict control while class C allows overstock- 

ing. This safeguards against the possibility of delaying 

production because of not having a low cost component in 

stock. 

Replanning Frequency 

The frequency of the replanning determines the "up to 

dateness" of the system. The replanning frequency is one of 

the most important factors in the system's performance, 

especially when priority planning is used. The more dynamic 

the environment the more often replanning should be 
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performed. Most MRP systems replan cyclically rather than 

continuously. Therefore, the inventory status is actually a 

photograph at that particular moment in time. The validity 

gradually deteriorates the moment after replanning is per-

formed. If it is not done frequently enough, priorities be-

come invalid making the load projection invalid. (3) 

Pegged Requirements 

The pegging of requirements is the ability to trace an 

item's gross requirements to its sources. This should not 

be confused with a where-used file, since there is one dis- 

tinctive difference. The normal where-used file lists all 

parent items which uses the item. The pegged requirements 

file lists the parent items for which their are orders. It 

also reports the specific orders from which the requirements 

originate. (3) 

Firm Planned Order 

This is the ability by the system to freeze the quan-

tity and/or the timing of a order release. The schedule is 

revised as net requirements change. This results in moving 

orders around and perhaps changing their quantities. Some-

times this occurs several times before the order is ready 

for release. By establishing a firm planned, order the sys-

tem must work around that order. This capability usually is 

available in all MRP systems. (3) 
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3.7 MRP Inputs 

An MRP system is a valuable tool in reporting needed 

production information. This is accomplished through the 

information it can output. However, this is only possible 

when certain information is inputted. Figure 3.6 

demonstrates these inputs. (3) 

Master production schedule 

As discussed previously, this schedule is the overall 

plan for production. It only specifies end items, which are 

shippable finished products or high-level sub-assemblies 

which are used later in varying configurations. 

Miscellaneous Orders 

These orders originate from sources outside the plant. 

This includes service part orders, interplant orders, 

original equipment manufacturers (OEM) orders. The system 

treats this category as additions to the requirements of the 

specific component parts. 
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Forecasts 

Some systems have the capability to generate forecasts. 

Forecasting, in manufacturing, is an estimate of how much of 

a particular product will be sold in the future. This is 

performed by using statistically based forecasting tech-

niques and software. 

Part master file 

This is made up of the individual item inventory 

records. The records contain the status data needed for the 

determination of net requirements. There are records for 

everything and anything which is assigned a part number, 

from raw materials to purchased components to subassemblies 

to the finished product. These records are kept up to date 

by inputting all inventory transactions, such as stock 

receipt, scrap, and disbursements. 

Bill of Material file 

This file is also known as the product-structure file. 

It contains the information which describes the relation- 

ship of components and assemblies. The BOM is not only a 

listing of all materials, components, and assemblies re-

quired for a particular end product, but it also details all 

the operations and/or processing required for the manufac-

ture of the product. Also, it is possible that the opera-

tions are listed separately in a process plan. 
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Process Sheet (Methods File) 

This document details the processes or operations re-

quired to produce a specific part. It may be incorporated 

into the BOM or or as a separate document. 

3.8 Computing Requirements 

The are six factors necessary for the computation of re-

quirements. (3) 

Product Structure 

The arithmetic involved in MRP is simple. However, the 

procedure can become tedious when an item can exist as a raw 

material, component or subassembly, under its own identify-

ing part number, and it also can be an end product. For ex-

ample, a gear which is identified by its part number loses 

its identity when used in a gearbox which has its own ex-

clusive part number. In order to determine the net require-

ments of a part, first the individual part be accounted for. 

Then all other quantities required for other subassemblies 

and/or end products where the component part is used also 

must be included. The task becomes more tedious when more 

levels of the product are involved. A level is defined as 

each stage required in the manufacturing process where a 

"material" is converted into product. In other words, when 
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labor is performed on raw materials or a component before 

putting it into a subassembly for further operations it is 

"moved up" one level. See Figure 3.7. 

The bill of materials lists all materials, components, 

and labor to produce a part. Any part which has labor as- 

sociated with it has a bill. For subassemblies and as- 

semblies individual bills are linked together. When this 

occurs a pyramidlike structure is formed. This structure 

intrinsically will display the product's levels. The levels 

are numbered from top to bottom, where level 0 is the final 

end product. Thus, raw materials will always have the 

lowest level number for that respective assembly (Note: the 

lowest level carries the highest number). When the net re- 

quirements are to be determined for a low level item, the 

quantity that is in stock as well as any quantities in 

work-in-process (WIP), must be accounted for. The following 

example demonstrates this. 

Ordered Quantity 200 transmissions 
On Hand Quantity Transmission 2 

Gear Box 15 
Gear 7 
Forging Blank 46 

Transmissions required 200 
Transmissions in inventory 2 

198 Net Requirements, 
Transmission 

198 Gear Boxes required 
for 198 Transmissions 

Gear Boxes in inventory 15 

183 Net Requirements for 
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Gear Box 
183 Gears required for 

183 Gear Boxes 
Gear in Inventory 7 

--- 
176 Net Requirements for 

Gears 
176 Forgings required for 

176 Gears 
Forgings in Inventory 46 

--- 
130 Net Requirements for 

Forging 
(3) 
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The procedure was carried from top to bottom, level by 

level. It "flushed" out the low level item, for example. the 

forging in its "consumed state, where it hides in higher 

level items, for example. gear, gearbox, and transmission. 

This downward progression from one product level to another 

is known as an explosion. 

Lot Sizing 

By using lot sizing techniques order quantities must be 

in multiples. For instance using Fixed Quantity lot sizing 

method, with multiples of five, a net requirement of 26 

parts would require an order of 30. Subsequently any other 

component item would also be increased as to produce the 30 

parts. For a MRP system to carry out such procedures, algo-

rithms which use the respective lot-sizing rules must be in- 

corporated into the requirements computation program. One 

should note that there are several lot sizing techniques. 

It is not unusual to have different lot sizing techniques 

within the system. Criteria such as set up and ordering 

costs dictate which techniques are best for a given part. 

Lead Time of Individual Items 

The example in section 3.8 was simplified ignoring 

among other things, lead times. The item lead times deter-

mines the timing of order releases and scheduled order 

completions. A component-item order must be completed 
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before the parent-item order can be started. The back-to-

back lead times of the required items or components make up 

what is known as the cumulative lead time. If the lead 

times for the previous example were as follows: Forging, 3 

weeks; Gear, 6 weeks; Gearbox, 2 weeks; Transmission, 1 

week, then the cumulative lead time would be 12 weeks. See 

Figure 3.8. If any of the gross requirements can be 

satisfied from inventory, the timing would be less than the 

cumulative lead time and therefore, the order would be com- 

pleted in less time than the cumulative lead time. If the 

gross requirements could not be satisfied from inventory, 

the timing of the net requirements would be the same as that 

of the gross requirements. Lead time values must be sup- 

plied to the system. The system then uses these values to 

figure out the proper alignment of the requirements and 

planned-order data. 

Recurrence of Requirements 

The master production schedule usually has a long time 

span, six months to one year on average. This is very 

likely that multiple orders are received for a given end 

part. To determine lot requirements component inventories 

have been allocated according to their chronological order 

in the master production schedule. If the sequence of the 

lots changes, the timing and quantities all must change. In 

addition, the component net requirements must also change 
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because of the redistribution of the on-hand inventories to 

the resequenced lots. 

Common Usage 

A component may be used in several parent items. This 

is another factor which complicates requirements computa-

tion. It is not uncommon that many components will be found 

to have multiple parents. The lower the level the component 

has, the more parent items it is likely to have. An example 

of this a common screw used for assembly. See Figure 3.9. 

In having a common usage item, another complicating factor 

is that the items' several parents may be on different 

levels. Since by definition a component item is always on 

the next level below its parent, if the parents are multi-

level so must be the component. There are two possibilities 

in this case: 

1. An item can exist in two separate end parts on dif-

ferent levels. See Figure 3.10. 

2. An item can be used twice in the same end part at 

different levels. See Figure 3.11. 

An example of this is shown in the case of the screw which 

is used in a sub-assembly and further down the line in other 

assembly operations. This is sometimes handled by using a 

technique called low level coding. The lowest level at 
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which a specific item appears is used as a "standard" level 

for that item throughout the MRP system. See Figure 3.12. 

This technique is only advantageous if the benefit of higher 

process efficiency outweighs the development and maintenance 

of the low level coding. 

The six factors discussed above complicate the MRP 

process. How each one is dealt with affects the MRP 

system's effectiveness. In todays MRP systems the above 

complications are easily handled. The algorithms can trace 

a component throughout the system's database. A "where-

used" report is a compilation of this data. 

3.9 MRP OUTPUTS 

An MRP system can provide output for other uses which 

may be used for planning. A system's database holds an 

abundance of information. By extracting and/or further 

processing the data, a whole array of outputs are possible. 

There are six typical outputs which may be found in a MRP 

system. (3) 

Outputs for inventory order action 

Inventory order actions are increases, reductions, can- 

cellations and planned order almost ready for release. 
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Outputs for replanning order priorities. 

These outputs alert the inventory planner in cases 

where open due dates and actual date required are diverging. 

The MRP has the capability to calculate how many time 

periods: days, or weeks, each item affected should be res-

cheduled and in what direction. 

Outputs to Maintain Priority 

These outputs keep priorities in order and honest. 

Honest priorities can only be achieved when end-item re- 

quirements are possible. For instance, sufficient 

capacity, materials, or lead times are required. These 

reports can be used in segregating deliveries for specific 

customers' orders. 

Outputs for Capacity Planning 

The system has the ability to generate a load report 

which is detailed enough to allow adjustments to be per- 

formed so as to avoid potential problems. It is important 

to keep the load projection up to date in order to be valid. 

Capacity planning is discussed in more detail later on. 

Outputs Assisting in Performance Control 

These outputs allow management to monitor performance 

of inventory planners, buyers, the shop, and vendors. 

Financial or cost performance may also be monitored. Two 
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important performance reports generated are load and ef-

ficiency reports. 

Outputs Which Report Discrepancies 

Some of these outputs include dates outside the plan- 

ning horizon and quantity errors. (3) 

3.10 Efficiency Of A System 

How effective a system is depends on two factors: the 

design of the system and how well a system is being util- 

ized. There are not too many customized MRP systems. The 

designs have become standard as far as functions are con- 

cerned. The tailoring of a system is achieved by the user 

requirements through which (functions) modules the user ob-

tains. In addition, there are certain parameters within the 

program that must be set up by the user as previously dis-

cussed. 

3.11 COVERAGE OF NET REQUIREMENTS 

A MRP system detects the possibility of a shortage and 

counteracts by planning coverage so that an actual shortage 

never occurs. Net  requirements are covered by planned or- 

ders. Planned orders are orders which are scheduled for 

release in the future. The lead time for planned orders may 

51 



have a safety lead time added to the end of its regular lead 

time. This serves the purpose of completing an order ahead 

of its required date. This, of course, inflates the lead 

time artificially. (3) 

Safety stock planning obviously affects the net re-

quirements calculation. The safety stock quantity is either 

subtracted from the on hand quantity or added to the gross 

requirement. Either method produces the same end result, 

increasing the net requirements. In MRP, when safety stock 

is added, the system's logic tries to protect and conserve 

the stock from being used up. This "protection" will always 

ensure that the quantity is on hand. It creates dead inven- 

tory that is carried but never used. Safety stock forces 

the MRP system to overstate the requirements, which leads to 

distorted timing. It does not really have a legitimate 

reason to be in a MRP system. Safety stock's primary pur- 

pose is to compensate, or anticipate fluctuations in un- 

foreseen demand. Forecasting errors are such unforeseen 

circumstances. However, in a MRP system demands on in-

dividual components are derived from master production 

schedule not from forecasts. Safety stock should only be 

carried for purchased items. This stock should also be con- 

stantly rotated. This is especially important with perish- 

able items. It usually is not advisable to carry WIP safety 

stock since not only would the material inventory be lost 

but also labor. 
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CHAPTER 4 

CAPACITY PLANNING 

4.1 Introduction to Capacity Planning 

An MRP system is concerned with having sufficient 

materials in order to meet customer requirements through the 

master production schedule. Having all the materials in the 

plant does not guarantee that the production schedule will 

be satisfied. A plant's resources are not infinite. 

Capacity planning verifies the availability of the plant's 

resources. This planning introduces reality into the 

production control system. The real world places con- 

straints and limitations on the plant. Some of these 

limitations include (4): 

- Varying output levels from different machines 

- Availability of secondary resources 

- Required product sequencing 

- Product families that are always produce 

together 

- Limited storage space 

- Tightly coupled processes 
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A capacity plan links the MRP system to the production floor 

via a two step plan. The first step, is the long term por- 

tion which checks the feasibility of the proposed production 

schedule. The second, is the short term portion which fine 

tunes the plan and adjusts it to the present environment. 

These two portions are known as resource requirement plan-

ning and capacity requirement planning, respectively. See 

Figure 4.1. 

4.2 Resource Requirement Planning 

Consideration must be given to the load a master 

production schedule places on a plant's resources. A plan 

should be drawn which increases and decreases the resources 

when needed. That is the purpose of resource requirements 

planning, (RRP) also referred as rough cut capacity planning 

(RCCP). In order to plan, management needs to define the 

resources to be considered. What is considered a resource 

varies. For example, a resource can be cash, floor space, 

capital equipment, or engineering. Resource requirement 

planning's main purpose is to evaluate the load on the 

master production schedule at the management level. (5) 

This translates to evaluating the load on the plant or 

specific departments. One often neglected aspect are the 

resource requirements placed on the plant from salvage and 

rework. As much as one does not design products or 
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processes to yield such rework, it is a reality. Rework re-

quires extra labor which takes away from the labor planned 

for normal production. No one knows the amount of rework 

which will be required in the future. For planning pur- 

poses, a percentage is factored in based on historical data. 

The load for a specific product is based on the assump-

tion that the load profile is the same if based on one unit 

or the entire lot, as long as the profiles are measured in 

consistent units. The profiles may be computed for the to-

tal fabrication or for a single resource. 

Load profiles may be extended by quantities and sum- 

marizing them by product. See Figure 4.2. This report, 

which is known as the resource requirement profile, shows 

the effect of what is on the master production schedule over 

the entire planning horizon. The loads are also graphed by 

lots to show potential capacity problems. 

If a load report shows potential capacity problems, the 

schedule is changed or certain resultant actions are taken. 

These actions include purchasing new equipment or plants if 

overloaded or closing a plant if underloading. This is 

usually performed by trial and error. The MRP system has 

the ability to process any master production schedule and 

produce its respective load report. Thanks to computers, 

many possible master production schedules may be sampled in 

a short period of time by using "what-if" analysis. 
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Once a plan is accepted a feasible master production 

schedule is chosen. The schedule chosen roughly fits 

capacity constraints. Short range capacity adjustments may 

be done. This is the function of capacity requirements 

planning (CRP). 

4.3 Capacity Requirements Planning 

As stated previously, MRP system is not sensitive to 

capacity. Its only function is to determine what materials 

and parts are required to produce what is on given master 

schedule. However, the system output can be converted to 

yield machine or work load. This function is known as 

capacity requirements planning. These results can help 

answer some of the following daily operating questions (3): 

1. Is overtime needed? 

2. Should we transfer people or work from one 

department to another? 

3. Should any work be subcontracted? 

4. Is another shift required? 

5. Hire more people? 

6. Should the hours per shift be increased? 

7. Should inventory be stockpiled? 

8. Can order backlogs be tolerated by customer? 
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The load report has been the traditional tool used to answer 

the above questions. It is generated by the scheduling and 

loading algorithms in the systems. Each required part is 

broken down by its required operations. Then machines 

and/or work centers are loaded. See Figure 4.3. These load 

reports differ from those of the RRP. While the later shows 

departmental or plant loads, CRP loads are concerned with 

specific machines. 

As previously mentioned, CRP and RRP produce load 

reports which show potential problems. CRP handles the 

reporting of the discrepancies on a day to day basis. 

However, if such a problem keeps recurring, then the cause 

may be at a higher level. This would lead to replanning 

the resource requirements plan. (3) 
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Demonstrated Capacity: 500 Standard hr/wk. 

Week flours 0% 100% 200% 

Past due 150 XXX*  
9/15 550 XXXXXXXXXXX 
9/22 600 XXXXXXXXXXXX 
9/29 500 XXXXXXXXXX 
10/6 400 XXXXXXXX  
10/13 550 XXXXXXXXXXX 
10/20 % 250 XXXXX  
10/27 150 XXX 
11/4 850 XXXXXXXXXXXXXXXXX 

* X = released order load; X = planned order load. 

FIGURE 4 . 3 SAMPLE LOAD REPORT 
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CHAPTER 5 

SHOP FLOOR CONTROL 

5.1 Introduction to Shop Floor Control 

In a production control system, shop floor control is 

the vital link to the production floor. This "subsystem" 

known as the shop floor control system (SFCS) in one of the 

most underemphasized elements in production control. (6) A 

SFCS is the entrance point for all manufacturing operations 

data. This data is used to compare the status and progress 

of production to the predetermined plans. If discrepancies 

occur between actual and planned performance, then changes 

are to be made to the CRP or MRP generated plans. The other 

control (sub) systems, for example. MRP, CRP, quality con-

trol, maintenance, require accurate and prompt feedback on 

current performance. The SFCS must route current and per-

tinent data to the higher levels of the production control 

and planning system. (7) The data is used to generate 

reports which measure performance. Some of these perfor-

mance measures include: 

- Actual labor hours consumed 

- Material used 

- Set-up time required 
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- Actual completion date 

- Rework and scrap quantities 

5.2 Phases of a Shop Floor Control System 

A typical SFCS consists of three phases, as shown in 

Figure 5.1. (1) These phases are as follows. The first is 

order release. In this phase the documentation required to 

process an order through the plant is produced. This group 

of documents is known as a shop packet. The documents in a 

shop packet include: 

- Route Sheets 

- Material Requisitions 

- Job Cards (to report direct labor and job 

progress) 

- Move Tickets (to authorize transport between 

workcenters) 

- Part Lists (for assembly) 

Through the use of computers and other automated methods, 

some of the paper documents become unnecessary. As shown in 

Figure 5.1, the release or an order requires two inputs: 

The authorization to produce and the engineering and 

manufacturing database. The authorization comes from the 

master schedule. The database is made up of BOM's and 
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process plans. Both of these inputs are necessities for the 

MRP system. 

The second phase is order scheduling. Its main concern 

is to assign or dispatch the orders to workcenters. Order 

scheduling should solve the problems associated with machine 

loading and job sequencing. In order to assign work, the 

following three things must be available: 

1. Work assignments 

2. The work content of the assignments 

3. Nature of assignment 

The work assignment must be assigned to a specific machine 

or department or work center. Standard process sheets show 

all operations and work centers which perform the work and 

the time required. (5) Job sequencing is obviously the 

determination of the order by which the jobs will be 

processed for a given workcenter. Related to sequencing is 

priority control. Priorities are determined by using sets 

of rules. Some of these rules are: earliest due date, 

shortest processing time, and least slack time. (It is 

beyond the scope of this paper to discuss these rules.) The 

main concern of priority control is to keep the priorities 

valid. Since the priorities of orders can change, rese- 

quencing is necessary. Changes in demand, equipment break- 
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down and order cancellation are a few examples which can 

cause changes in priorities. 

The third and most important phase of a SFCS is order 

progress. This is where data is collected for monitoring 

the status and performance of the plant. The order progress 

phase has three components related to the collection of 

data. (7) The first of the three components is the actual 

data collection from the production floor. The second is 

data processing. In the data processing, the task of 

preparing and organizing data for use in other modules is 

performed. In other words data is transformed to a usable 

form, information. It is also here that the data is 

validated and screened for errors. The third component is 

data communication. The gathered processed information 

needs to be sent to their applicable modules. Also, dif- 

ferent computers and software may use different networking 

criteria, such as protocols or data transmission standards. 

The SFCS provides a means of realizing a unified database of 

information that feeds the higher systems. See Figure 5.2 

5.3 Hardware 

The hardware for different components are all 

computer-based. The hardware must be industrially hardened 

in order to withstand the harsh conditions found in some of 

today's factories. These hostile environment produce smoke, 
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metal chips, grease, dirt, vibration, or electromagnetic 

fields. The data collection is physically done through 

VDT's and automated data acquisition devices. Here is a 

brief list of such data collection devices (7): 

- Bar coding 
- Magnetic coding 
- Keypads 
- Optical Character Recognition (OCR) 
- Voice recognition 
- Machine mounted sensors 

As more developments occur, data collection devices will 

eradicate transcription errors and increase the frequency of 

collection. One such development is real time data collec- 

tion. Today, bar coding seems to be the most cost effective 

and reliable method. Data entry errors are eliminated and 

bar codes are able to withstand harsh industrial conditions. 

As previously stated the recency and accuracy of data 

is essential to the entire production control system's ef-

fectiveness. If emphasis is not placed on the SFCS data col-

lection function, then the production control system is ren- 

dered, for all intent and purposes, useless. Here is 

another example of the old adage "Garbage in, garbage out". 

(8) The SFCS has the significant role of integrating 

production data. As more automation is implemented in fac-

tories, the SFCS will also become more automated and more 

integrated. The time expended implementing a SFCS cor- 
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rectly, will have tremendous payback in terms of accurate 

and prompt data collected efficiently. 
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CHAPTER 6 

INDUSTRIAL SCENARIO 

6.1 General Situation 

Teledyne Adams is a small manufacturer with diversified 

capabilities. The company is actually two different com-

panies combined into one. As its name implies it is one of 

the over 140 subsidiaries of Teledyne Inc. In 1980, 

Teledyne purchased Adams Industries, in Union, New Jersey, 

and was joined with Teledyne Still-Man, located in Lakewood, 

New Jersey. Both facilities were joined and are now located 

in the Union location. The Adams portion of the company is 

a metal stamping and assemblies manufacturer. The Still-Man 

portion produces tubular heating elements for small 

household appliances. 

Today, Teledyne Adams is a full service manufacturing 

facility. Heating elements can be shipped to the customer 

alone or in an assembly ready to use. Such an assembly may 

include brackets or termination, as well as other related 

components manufactured in the stamping department. 

Teledyne Adams also enjoys having in-house electroplating 

and high production brazing furnaces, which complement their 

capabilities further. 
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Stampings are also produced as single parts or as com-

ponents of an assembly produced at Teledyne Adams. The as-

semblies are brazed together or by other assembly tech- 

niques. Some products may require electropolishing as a 

finishing operation. With all the foremetioned operations 

at Teledyne Adams, a customer can receive a completed as- 

sembly from one source. Lower costs and excellent part 

mating relationships are two benefits a customer may receive 

for an assembly produced entirely at one source. With 

today's competition, having diversified capabilities is a 

tremendous advantage. 

There are three types of production based on quantities 

produced: Job Shop production, Batch production, and Mass 

production. At Teledyne Adams, the latter two are represen-

tative of heating element production and metal stampings, 

respectively. The metal stampings line uses mass production 

techniques with dedicated tooling and equipment. Monthly 

requirements for stampings usually range 20 to 50 thousand 

pieces. On the other hand, the heating elements line imple- 

ments batch manufacturing. The tooling and equipment is 

reusable for several parts. Monthly requirements for heat-

ing elements are normally under a thousand pieces. Having 

such capability opens up the range in the production scale 

of economies for Teledyne Adams. 

As a result of its varied capabilities, Teledyne Adams 

has customers in various fields. Teledyne Adams produces 
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stampings for the automotive industry, for Chrysler, Ford 

and General Motors. Electropolished assemblies for coffee 

percolators are made for Farber and Regal. Brazed as- 

semblies are manufactured from raw stock to the completed 

assemblies for customers including Purolator (Filter 

Products) and Farber. The Farber brazed assembly contains: 

a stainless steel well, a steel spacer, a steel housing, two 

different copper (brazing) rings, a heating element and ter-

minal tabs. All of the above components are manufactured at 

Teledyne Adams and the assembly is a perfect example of the 

company's diversified capabilities. Figure 6.1 displays 

some of the various products produced at Teledyne Adams. 

6.2 Background of Operations 

All products produced at Teledyne Adams follow the same 

basic cycle with respective to planning. The sales depart- 

ment obtains requests for quote. Engineering quotes piece 

price and tooling required. Upon being awarded the job, en-

gineering designs all tooling and fixtures and drafts the 

process sheet and bill of materials. After the tooling is 

built and qualified, it is released to production. 

Sales draws up a master schedule based on all the cus- 

tomers orders placed for the given month. Production con- 

trol charts a Manufacturing schedule based on the master 

schedule. All the orders are broken down into a weekly 
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schedule. The manufacturing schedule takes into account 

past due orders and the plant capacity for that given week. 

This schedule plans the labor required in a manner equiv-

alent to an material requirements plan, however, only con- 

sidering the labor involved. It is a modified version of a 

capacity requirements plan. From this plan, area schedules 

dispatch the jobs for the given week to the respective 

department. 

The purchasing department orders all required materials 

from sale orders. As each sales order is received the raw 

materials are ordered for the given quantity. 

Unfortunately, until the recent implementation of the 

DCD control system, Teledyne Adams has not used true plan-

ning and control methods. For instance, purchasing does not 

order from a material requirements plan. Although, the 

scheduling methods described above have worked with some 

success, changes will have to be made in order to accom-

modate the computerized system. Furthermore, the lack of 

formal methodologies is company wide. Consequently, most 

production control functions are not executed the way they 

were meant to be. 

In 1989, Teledyne Inc. put out a corporate wide memo 

which emphasized reducing costs through automation. Any 

project which can show a return on investment of 35% over 3 

years would be subsidized by Teledyne Inc. Teledyne Adams 

has initiated some automation projects as a result of the 
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corporate memo. However, due to the absence of a PP&CS, 

problems in inventory control and labor reporting cannot be 

alleviated. The DCD Shop Floor Control System was seen as a 

way to relieve some of the production control related 

problems. These problems will be discussed in more detail 

in Chapter 8. Obviously, factory automation only improves 

the processing aspect of manufacturing. A PP&CS is required 

to verify the company's performance with respect to manufac-

turing. 
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CHAPTER 7 

DCD JOB SHOP CONTROL SYSTEM 

7.1 Introduction to DCD 

DCD Shop Control System has been misnamed. The company 

advertises the software as a job shop floor control system. 

The software is described as an "integrated system for job 

shop and custom manufacturers". On the contrary, the system 

is very well suited for batch and mass production setups. A 

production control system configured for a job shop usually 

lends itself to a mass production setup. However, the op- 

posite is not necessarily true. The software's flexibility 

with respect to production configuration makes it appealing 

for Teledyne Adams' diversified abilities. As mentioned 

before, stampings and assemblies are mass produced while 

heating elements are manufactured in batches. 

DCD Shop control System is down sized production con-

trol system. The software may be purchased complete or over 

time via a "building block" approach. (9) These modules 

consist of: 

Estimating/Quoting * 
BOM * 
Job Costing/Production Control * 
Enhanced Scheduling * 
Inventory/Purchasing * 
Shop Floor Data Collection * 
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Account Receivables 
Account Payables 
Payroll 
General Ledger 
Order Entry/Sales Analysis 

This thesis is concerned with the modules directly involved 

with manufacturing. It is beyond the scope of this paper to 

analyze the accounting aspects. 

As with all PP&CS, DCD is designed to increase produc- 

tivity, profitability, and customer satisfaction. It ad- 

dresses the typical control problems related to manufactur-

ing management. According to its sales literature (9), DCD 

is concerned with: 

- Underquoting prices 
- Overloaded work centers 
- Inaccurate standards 
- Idle machines or employees 
- Excessive rework 
- Excess scrap 
- Inadequate inventories 
- Late materials 
- Lack of timely labor reporting 
- Poor productivity 
- Management by crisis 
- Late deliveries 
- Inconsistent profits 
- Losing repeat orders 
- Incomplete part history 
- Inaccurate records for repeat quoting 

All of the above described are variations of the root 

problems of inaccurate and/or outdated information. DCD 

manages all the inputted data so as to update all of the 

relevant modules. 
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DCD uses a methodology of information flow very similar 

to that detailed in Chapter 2. Referring to Figure 7.1, the 

stages of the information flow are (9): 

1. Estimate the job 
2. Receive order and enter job 
3. Schedule job 
4. Print routing sheet 
5. Determine material requirements 
6. Issue materials 
7. Update labor information 
8. Track jobs in progress 
9. Complete jobs 
10. Ship and bill 
11. Process accounting transactions 

The following sections detail the modules are currently 

being implemented at Teledyne Adams. 

7.2 How DCD works 

7.2.1 Estimating/Quoting 

Quoting jobs has always relied on the estimators 

knowledge of the plant's abilities. If more than one person 

quotes, then different estimates are possible for a given 

product. DCD allows more consistency through quoting with 

actual rates produced in the plant. 

Estimates done through DCD have access to quote his-

tory, part history, inventory levels, and job status. With 
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all the above information at its disposal, delivery dates 

can be quickly determined. If a job is awarded and an order 

received, all the information (see Figure 7.2) used in the 

quote is transferred to the Job Entry module. Figure 7.3 

traces through the quoting procedure. 

7.2.2 BOM/Methods 

The Methods file in DCD is actually the process plan 

for a given part. In DCD the Methods file and the Bill of 

Materials (BOM) file are combined into one file. This al- 

lows the user to see which operations are being performed on 

the respective materials. In "Methods", any subcontracting 

that may be required is listed. Examples of typical sub- 

contracting include heat treating and plating services. 

The Methods file lists all information related to a 

part's processing. Referring to Figure 7.4, it can be seen 

that pieces per hour or production standard, and setup stan-

dard are listed for each operation. Also, each operation 

has a preassigned operation number as well as, a department 

number and workcenter number. The numbering expedites the 

time required in inputting a process plan. Methods files or 

process plans for similar parts can be created quickly. 

Editing an existing part's information to fit a new one can 

guarantee accurate and up to date information. 
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The Bill of Materials file is the same as the Methods 

file. The file contains the required operations; this por- 

tion is the "Methods". The BOM file lists (raw) materials, 

components, and subassemblies required to make the given 

product. There is a BOM file for each "phase" a component 

goes through. For instance, referring to Figure 7.5, the 

cover assembly has four "subassemblies". Each "subassembly" 

is actually one component part with its own BOM. Since each 

component part has separate materials and labor which go 

into producing it, the final products BOM treats the com- 

ponent parts as subassemblies. The BOM file for the final 

cover assembly shows the operations required to join the 

four components. 

Amongst other reports the BOM provides an explosion of 

the components required for the given end part. See Figure 

7.6. The report provides inventory information of the dis- 

played components. A variation of this report yields a cost 

explosion and rollup for the components. This includes 

material, labor and overhead (titled burden in DCD). 

7.2.3 Enhanced Scheduling 

Scheduling is one of the most important areas in a 

PP&CS. In essence, the planning aspects are scheduling. In 

the Enhanced Scheduling module, DCD's goal is to meet cus-

tomer delivery by providing optimal start and due dates 
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based on the present factory environment. 

As with any module in a PP&CS, the input information 

must be accurate. For Enhanced Scheduling, all operations 

and inspection times must be defined. Faithful estimates of 

outside services, setup, packing, and shipping times are 

also a necessity. (9) Schedules which are not realistically 

feasible arise from the following problems: 

- Unrealistic delivery dates 
- Inaccurate labor reporting 
- Unplanned machine downtime 
- Rework and other unplanned operations 
- Late material delivery 
- Inaccurate production standards 
- Delinquent subcontractors 
- Nonproductive employees 

Through feedback obtained and performance reports gen-

erated by the system, potential problems can be anticipated. 

Figure 7.7 outlines the iterative process used in schedul-

ing. A proposed schedule is analyzed on the impact its load 

would have on the plant's load at that time. The "what-if" 

analysis uses the same "screen" of the proposed schedule. 

Jobs may be forward scheduled into the future or backward 

schedule from some future point in time. The scheduling 

analysis may be performed on a departmental or plant wide 

basis. Also, scheduling can be performed in a finite man- 

ner, where the current shop level is taken into account, or 

in an infinite manner where load considerations are 

neglected. The module can schedule multiple jobs 
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simultaneously and with assigned priority codes. The 

schedule may be specified to an exact time of day a job is 

to start or finish. During the "what-if" analysis the user 

may manipulate factors which affect the schedule. Using 

different workcenters, different production standards, or 

overlapping operations are some factors which may be con-

sidered. (9) 

After revising the schedule, or at any time for that 

matter, loads can be analyzed by workcenters or for the 

plant. In Enhanced Scheduling, a load graph can quickly 

display bottlenecked or underutilized workcenters. An ex-

cellent feature of the load graph is that not only are ac-

tual loads displayed, but, also loads on hold or in the 

production floor's queue. In addition, if a "what-if" 

analysis is being performed, its simulated load is superim- 

posed as to show its effects. See Figure 7.8. Reports can 

also be easily generated for the the plant or for a given 

workcenter, as shown in Figure 7.9. Bottlenecks can be 

quickly pinpointed and thus appropriate actions taken. 

To summarize, the Enhanced Scheduling module has the 

flexibility to analyze and optimally reschedule jobs so that 

production smoothing of peaks and valleys occurs. The 

modules most important feature is speed. Such a feature is 

imperative where dynamic shop conditions exist. 

88 



--------- ------------- 
02 WORK CENTER GRAPH 
User: Company: 1 
DCD Inc. W/C: BB2 Horizontal Mill 

Hrs ASHT ASHT ASHT ASHT ASHT 

Time: 7.55 
Date: 2/07/89 

ES4040 

ASHT ASHT 

10 T 
9 A T H 
8 A T H T S T 
7 A T> H > A T> > S T> S T 
6 AST H A T S T S T 
5 AST H T A T S T S T S T 
T ASHT H T A T S T S T S T 
3 ASHT A HTA T S T S T S T 
2 ASHT A HTA T S T S T S T 
I ASHT ASHTA T S T S T S T 
0 ASHT ASHT AST S T S T S T 

thru 2/06/89 2/07/89 2/08/89 2/09/89 2/10/89 2/11/89 
2/05/89 2/06/89 2/07/89 2/08/89 2/09/89 2/10/89 2/11/89 

Act: 8.00 4.00 8.00 .00 .00 .00 .00 
Sim. 5.00 2.00 1.00 6.00 8.00 9.00 .00 
Hid- 3.00 10.00 .00 .00 .00 .00 .00 
Tot: 13.00 6.00 9.00 6.00 8.00 9.00 .00 

> . Cav • .00 8.00 8.00 8.00 8.00 8.00 .00 

F19=Left 
F20=Right,F1=IDP,F2=Search,F3=Prev,F4=Chg 
==_  

Dates,F6=Chg Hours,F7=End,F10=Zoom 
-- 

FIGURE 7.8 DCD LOAD GRAPH (10) 
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Prog : E54120 *PLANT LOAD REPORT* Page: 1 
User : PC Date: 3/30/89 
Company: 1 DCD COMPANY 

Date Ranges. thru 3/30/89 3/31/89 4/01/89 4/02/89 4/03/89 4/04/89 4/05/89 4/06/89 4/07/89 
3/29/89 3/30/89 3/31/89 4/01/89 4/02/89 4/03/89 4/04/89 4/05/89 4/06/89 4/07/89 

All Load Hours 

Plant Capacity ++ 8 00 8.00 00 00 8 00 8 00 8 00 8 00 8.00 

WC 1 SHEARING 
A:240.62 2.15 1 00 8 00 8 00 8.00 5.30 
S:148 00 8 00 8.00 8.00 8.00 8 00 
H. 

Tot:388 62 2.15 9 00* 16.00* 16.00* 16 00* 13.30* 
Cap: 8.00 8 00 8 00 8.00 8 00 8 00 ' 8 00 

Prog: ES4110 *WORK CENTER LOAD REPORT* Page: 1 
Date:3/30/89 

Company: 1 DCD COMPANY 
HOURS REMAINING 

Date Ranges: thru 3/30/89 3/31/89 4/01/89 4/02/89 4/03/89 4/04/89 4/05/89 4/06/89 4/07/89 
3/29/89 3/30/89 3/31/89 4/01/89 4/02/89 4/03/89 4/04/89 4/05/89 4/06/89 4/07/89 

Plant Capacity: ++ 8.00 8.00 .00 .00 8.00 8.00 8.00 8.00 8.00 

Job Lot Lvl Seq Mch Typ 

WC: 1 SHEARING 

25884 A 5 A 61.18 
25884 C 5 A 6.33 
25884 C 11 A 4.20 
25884 D 5 A 8.30 
25884 E 5 A 4.31 
25884 G 5 A 7.30 

.... 
61.18 10.53 12.61 7.30 

FIGURE 7.9 SAMPLE LOAD REPORTS (10) 
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7.2.4 Routing Sheet 

As previously defined in Chapter 2, a routing sheet 

gives detailed set of instructions by which production floor 

personnel follow. As shown in Figure 7.10, the routing 

sheet identifies (9): 

- Customer 
- Delivery 
- Subcontractinq schedule 
- Planned materials 
- Schedule of operations 

In addition, memos and extended operation descriptions allow 

the user to add any additional information or instructions 

which are distinctive to the part. Also, note that informa-

tion may be suppressed so confidential information such as 

costs are not released to the production floor. The routing 

sheet shows the delivery of the materials and the start and 

due dates of each operation. These dates are derived from 

the enhanced scheduling module. 

7.2.5 Job Costing/ Production Control 

This module is concerned with providing accurate 

managerial reports. (9) The reports assist production con-

trol in the following key areas: 

- Job Status 
- Shop Status 
- Productivity 
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- Sales Analysis 
- Profitability 

Job Status 

The Job status report provides information on jobs 

sorted by a variety of options. For instance, sort may be 

performed by customer, job number, days delinquent, due 

dates or percentage of estimated time. The report can 

quickly summarize information such as job location in the 

plant, hours remaining and variance from scheduled due date. 

Shop Status 

The Shop Status report differs from Job Status in that 

it is concerned with workcenters and machines rather than 

particular jobs. The Shop Status report provides details to 

engineering for reviewing, revising and fine-tuning stan- 

dards when necessary. In this module, shop load can be 

analyzed to point out bottlenecks due to particular jobs. 

In addition, because of dynamic conditions which exist on 

the production floor, schedules and priorities can be ex-

amined easily and quickly. 

Productivity 

In this area, DCD provides reports which detail perfor-

mance of employees, departments or workcenters. The module 
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also provides itemized reports for direct and indirect 

labor. Two reports mentioned above which have major impor-

tance in production control are employee efficiency and 

resource performance. In an employee efficiency report, a 

workers direct labor can be analyzed for different at- 

tributes. Of course, efficiency is the main concern. In 

addition, rework, scrap, and any additional operations added 

will also be displayed. The above attribute may also be 

listed by job for that particular employee. See Figure 

7.11. A resource performance report summarizes the same at-

tributes listed above for employee labor reports. More im-

portantly with "resources" is the utilization of a 

workcenter. This confirms the relationship to machine load- 

ing. A typical performance report is exhibited in Figure 

7.12. The reporting of direct and indirect labor produces 

the labor distribution for workcenter within departments. 

Furthermore, the respective costs are accounted. Both 

reports compile data so management can calculate workcenter 

rates that are closer to actual manufacturing costs. Figure 

7.13 displays sample reports of direct and direct labor. 

Sales Analysis 

The sales analysis report draws total sales by month or 

year. This function allows the user to view sales activity 

by customer, part number or order date. Additionally, the 
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module furnishes management with a log of all orders booked 

and reports total backlog by time period. (9) 

Profitability 

In this area several reports are crossovers from dif- 

ferent modules. Strictly speaking, all the compiled infor- 

mation is directly related to profit or loss. Some of these 

reports include: WIP, Completed Job and Part History. The 

WIP report represents the actual value of all work currently 

in the plant which is not a shippable product. Addition-

ally, WIP dollars which have been relieved as they are 

shipped can be disclosed. (9) 

Referring to Figure 7.14, on can see how the WIP report 

unveils the profit margin and capital currently tied up in 

WIP inventory. A nice feature of the WIP report is the ex- 

posing of jobs which are losing money. Such a job which is 

to be billed for less than the cost of producing is denoted 

on the report with an asterisk. 

The Completed Job report shows all production costs and 

performance data accrued for jobs which have been completed. 

In this report it can be seen how the integration of modules 

accelerates data processing and information transfer. See 

Figure 7.15 for an example of a Completed Job report ex-

ecuted on a monthly basis. 
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Part History is what the name implies. This report 

details the information by customer, part number or product 

group. The report points out which jobs are consistently 

profitable. Thus, the company can steer towards a advan-

tageous part mix. See Figure 7.16 

7.2.6 Inventory/Purchasing 

Lacking inventory and purchasing controls can hinder 

efficient production. By integrating inventory control and 

purchasing functions with the rest of the production control 

modules, command is obtained over inventories. 

With DCD's Inventory/Purchasing module control over in- 

ventories is acquired. Referring to Figure 7.17, the 

process by which the Inventory/Purchasing modules uses is 

demonstrated. The module provides the facilities necessary 

to maintain raw material and finished goods inventory quan-

tities and costs current. When a new job is entered, all 

material requirements allocate inventory. As issues occur, 

inventory is relieved or purchases are released. From Job 

Costing and Scheduling material requirements are generated. 

Material then is issued from inventory for jobs ready to 

start. Also from the schedule, material is "put in reserve" 

for scheduled jobs. If inventory is lacking, then a 

material requirement is generated and a purchase order is 

authorized for the purchase. (9) The process sounds simple, 
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nonetheless, with the number of different materials for so 

many different jobs, the task becomes overpowering. DCD's 

integrated features permits all necessary input information 

to be automatically transferred from the generating module. 

The Inventory/Purchasing module has additional fea- 

tures. Accounting information is available. For instance, 

on-hand, on order, minimum and maximum quantities are all 

kept current. Items can be costed for average, last or 

standard. ABC class codes can be used as a basis for 

reports and analyses. For purchasing related functions, 

purchase orders can be tracked by P.O. number, job, or part 

number. In addition, histories may be retained for vendors 

in order to analyze vendor performance. (9) 

As stated earlier, lacking stock can delays production 

and delivery schedules, thus, causing irate customers. Ex- 

cessive inventories tie up capital and floor space. With 

DCD's integrated system inventory control should become a 

thing of the past. 

7.2.7 Shop Floor Data Collection 

In order to have current rates and other production in-

formation, data must be collected from the employees. The 

workers must record their time against jobs and/or indirect 

labor. The data essential from the employees consists of 

the following (9): 
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- Direct or indirect labor 
- Job number 
- Operation number 
- Set up or production 
- Quantity produced and scrapped 
- Start and end times 

The above data is usually collected via labor cards which 

the workers fill out. The data then is entered manually 

through a terminal. DCD offers an automated alternative 

with its Shop Floor Data Collection module. Through the 

use of bar codes and a specialized version of the routing 

sheet, data is entered at a tremendous time savings. Once 

the above is entered, the data collection module can provide 

an audit of all transactions inputted. The input data is 

checked and verified by the module. Any labor entry with 

severe errors is disallowed and brought to the attention of 

the user. Once the data is accepted into the system labor 

and burden costs are classified. If the Payroll module has 

been installed, the employees' hours are automatically 

transferred. (9) 

As discussed in Chapter 2, automatic data collection 

yields significant savings. The information in the Job 

Costing is updated almost instantaneously. Furthermore, 

with constant updating, the timeliness of information is 

tremendously improved. Not only is the scanning of the bar 

code simple, but accuracy is increased with the elimination 

of human error. 
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CHAPTER 8 

IMPLEMENTATION 

8.1 Goals 

If one observes the benefits gained by DCD and compares 

them to the company goals, the differences between the two 

are negligible. All manufacturers would like to be tech- 

nologically up to date. With proper installation and im-

plementation of a new system, efficiencies are noticeably 

improved in all affected areas. It has been seen many times 

how a computerized information system allows companies to 

become more efficient. The efficiency is gained through the 

information that becomes readably available with the reports 

that can be generated. One of the most important benefits 

is the ability of management to foresee problems and plan in 

order to avoid such problems. At Teledyne Adams, such a 

system was not present and many decisions were made after 

the problems began. In this section the problems which 

Teledyne Adams would like to overcome via DCD will be 

itemized. In other words, the objectives Teledyne Adams 

hopes to achieve with the implementation of DCD will be 

defined. These objectives are: 

1. Gain better control over inventory 
2. Be able to perform labor and product analysis 
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3. Improve scheduling 
4. Improve quoting and product cost analysis 
5. Automate accounting system 
6. Automate purchasing related functions 
7. Be able to handle the proliferation of 

information as the company grows 

In any company with many products and a manual account- 

ing system, several areas of the company suffer. One area 

which feels the effects is inventory control. Recollecting 

that inventory control (in manufacturing) has been defined 

as the science of optimizing inventory levels so production 

can continue without interruption while minimizing inventory 

related costs. At Teledyne Adams, inventory management is 

based on a combination of dependent and independent demand. 

Materials' orders are generated to supply production. In or-

der to take advantage of price breaks larger lot sizes may 

be purchased. However, production quantities are not in-

creased to use up the excess. The excess inventory is 

stored for the next order. Although Teledyne Adams does not 

account for carrying costs, this inventory system is con- 

trary to typical control procedures. Issues and receipts 

are recorded up to two days after the transaction occurs. 

As a result, is not up to date. This inaccurate account of 

capital influences as much as 75 percent of a company's 

sales dollar. 

When an inventory control system is present, any job, 

material, or part can be traced. At Teledyne Adams, before 

DCD, no inventory control existed whatsoever. With DCD's 
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inventory control module, the company hopes to gain per- 

petual inventory control. Teledyne Adams desires the 

ability to track where materials are being consumed and in 

what quantities. Previously, registering took place when 

materials were received and when products were shipped. As 

far as material tracking was concerned, the factory was a 

"black box". Unfortunately, because of the absence of con-

trol material orders had safety factor quantities to handle 

any contingencies. Of course, this incurs higher inventory 

costs. 

Labor and material costs are not easily identified when 

a manual system is used. Teledyne Adams wishes to ac- 

curately segregate and allocate costs of the products and 

between product lines: metal stampings and heating elements. 

By automating, such as with DCD, Teledyne Adams hopes to 

tracks and report labor more efficiently. Aside from labor 

costs, are material costs. The load reports which have been 

shown as a necessary tool in production planning and con- 

trol, would be a fringe benefit for Teledyne Adams. Even 

though they are not presently used at Teledyne Adams, DCD's 

ability to provide such reports and graphs should make them 

appealing for managers to use. 

Teledyne Adams wants to improve scheduling. As 

described in Chapter 6, scheduling is performed manually in 

a hierarchical step by step method. Three schedules are 

drawn from one master, manually. With DCD, one schedule is 
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produced and released. The schedule is only released after 

it has been analyzed using present floor conditions. Fur- 

thermore, any backlogged orders or partially completed or-

ders which require rescheduling are automatically considered 

because of the data collection which takes place. 

At Teledyne Adams, the quoting system used is very ef-

ficient. The major concern is the time required for obtain-

ing raw material or component prices. With DCD, any exist-

ing price is readably available. Another benefit mentioned 

previously is the systems ability to quote using actual 

production rates. Even though quotes are done conserva-

tively, using actual rates may guarantee accurate pricing. 

Accurate quotes do not use rates which are too conservative 

that results in increased prices, thus losing the bid for 

the job. On the other hand, if the rates quoted are to 

high, the profit may be decreased at the expense of getting 

the job awarded. 

It is obvious that the accounting system at Teledyne 

Adams needs to be automated. The recording of transactions 

is performed manually and needlessly repeated. Receivables 

are recorded at shipping then the paperwork is logged in ac- 

counting. Purchase orders are typed in the purchasing 

department and then distributed to shipping and accounting. 

Payables require paperwork from shipping and copies of the 

purchase orders. These are a few basic examples. Anyone 

familiar with "manual" accounting knows the amount of paper- 
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work required. With DCD, the automation is inherently done 

with ease. All the required data and information for inven-

tories, billings, disbursements, and other related ac-

tivities are taken care of through the systems integration. 

Although, accounting aspects have not been discussed, the 

preceding should demonstrate DCD's ability to link the 

company's "business" functions with the PP&CS. 

When a company grows, it is usually through increased 

sales. Obviously increased sales means an increase in the 

number of products manufactured. As the number of different 

products grows, the amount of related data and information 

multiplies. Eventually, a manual control system will not be 

able to manipulate the vast amounts of data and information. 

With a computer system, increasing disk capacity can be 

easily done so it can handle increases in data and informa-

tion. In addition, the processing of the data into informa-

tion, is quickly performed with computers. A computerized 

PP&CS also yields the benefits from the multitude of reports 

available. 

8.2 Implementation Process 

As shown in Figure 8.1, the schedule of events which 

actually occurred is shown. As with all (capital) projects, 

a request is submitted to corporate for financing. This en-

tailed preparing a report which shows what returns or 
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benefits were expected. For the DCD system, the benefits 

Teledyne Adams hoped to achieve were "intangibles". As with 

any computerization of a information system most of the 

benefits are difficult to quantify in dollars and cents. 

Once the project was funded, the selection of the software 

took place. In section 8.3 a detailed discussion is 

presented. 

The next group of events were concerned with the pur-

chasing and installation of the system. The system consists 

of the DCD software, the computer hardware, which included 

the PC's, printer and the file server, and the Novell net- 

work. The ensuing steps consisted of the training. The 

project managers attended formal training for DCD and the 

Novell network. After a brief company-wide introduction, a 

three day in-house training session was held. Staff members 

were encouraged to attend as much of the session as pos-

sible, not only the training for their particular depart-

ments module of interest. 

The most time consuming and labor intensive event of 

the implementation process was the creation of the master 

files. All production planning and control information had 

to be transposed from the manual system to the DCD system. 

Section 8.4 details what steps were taken for the transposi-

tion. 

The DCD system has been ready for full implementation 

since September of 1990. However, in section 8.5, the 

112 



problems encountered will be discussed. These problems are 

an important issue which will be addressed later in the 

thesis. 

8.3 Selection of Software 

Whenever any project is undertaken, it is normal to 

look at several paths in order to accomplish the objectives. 

For projects which pertain to software, one must survey as 

many packages as possible. These packages can differ in 

price, functions available, implementation requirements, or 

hardware needed. For Teledyne Adams' objectives two 

software packages were reviewed. DCD Job Shop Control and 

FOURTH SHIFT were the two systems considered. Usually at 

least three different packages are compared. The two sys- 

tems have been widely implemented and are established in the 

PC based PP&CS arena. 

Before discussing the reasons why the DCD system was 

chosen, a brief overview of the FOURTH SHIFT system will be 

presented. The FOURTH SHIFT manufacturing software is 

similar to the DCD system. FOURTH SHIFT has the following 

modules/functions: 

- Inventory Control 
- Bill of Materials 
- Product Costing 
- Manufacturing Order Management 
- Purchasing 
- MRP 
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- Order Entry 
- Accounting 

The above modules when compared to DCD's modules have the 

same basic functions. Consequently, FOURTH SHIFT provides 

the same benefits the DCD system can. So why was the DCD 

system chosen? The following answers the question posed. 

The software selection was done by the company presi-

dent. The decision was made after attending seminars and 

demonstrations of the two systems. Additionally, both ven-

dors demonstrated their systems to the department managers 

of Teledyne Adams. The managers were encouraged for any 

feedback which could affect the selection. In summary, the 

selection was made by carefully weighing all important fac-

tors after obtaining all necessary information. 

The DCD system was designed for the make-to-order 

manufacturer, while FOURTH SHIFT was designed for a manufac-

turer with standard product lines. Teledyne Adams produces 

based on customers' orders and does not stock any of its 

production. As a result, DCD seems to be the logical 

choice. FOURTH SHIFT is more suitable for companies for 

companies which have standard product lines and carry stock 

ready to be shipped when an order is placed. Other reasons 

for not selecting FOURTH SHIFT include: 

1. Cannot split an order in progress so as to put 
sublevel components into stock in case of an over 
run. 
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2. Cannot ship from WIP inventory if you are in the 
standard products module. 

3. Report system is inadequate. 

In an overall comparison between DCD and FOURTH SHIFT, DCD 

was chosen for the following reasons: 

1. Products can be sorted by type and/or class. 

2. Works better with available inventory status. 

3. User friendly. 

4. Easy to extract information from. Report module is 
very extensive. 

By observing the last two reasons in the above list, the 

decision should automatically lean towards the DCD system. 

Of course, the software's applicability for make-to-order 

manufacturing is of extreme importance. However, one cannot 

forget that a PP&CS is an information system. Having infor- 

mation readily available is an inherent feature. By making 

this feature easier and more user friendly the control 

system's effectiveness is boosted. 

8.4 Startup 

Just as with any project, planning the implementation 

is a necessity. For a successful installation, goals must 

be defined as in the previous section, a time frame for 

achieving the goals must be fixed, and a plan which 
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specifies what and how the implementation is to be carried 

out must be drafted. As with all projects, two ideas must 

be prevalent: commitment by management and communication. 

Management cannot only authorize the purchase of a system 

and then expect everything to fall into place. Management 

must be committed to the project providing all resources 

necessary for a successful implementation. Communication is 

one of the most important requirements when more than one 

person is involved with a project. Problems can be remedied 

quicker. Efforts will not be duplicated, needlessly. Every 

one involved can see the entire project's progress, not only 

their assigned tasks. Furthermore, not only is intra- 

company communication a precondition, but communication must 

be maintained between Teledyne Adams and DCD. Who better to 

simplify solving installation problems than the supplier of 

the software. 

The DCD manual suggests forming an implementation team. 

The team concept may be casual. In other words, each com- 

pany should form the team according to its goals and 

schedules. The concept aids in assigning specific tasks and 

holding some one accountable. This ensures the project's 

success. The DCD manual provides a planning checklist. See 

Figure 8.2. Basically the checklist demonstrates the five 

major steps required for the implementation. (10) The steps 

are: 
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1. Form an implementation team 

2. Hardware training 

3. Review supplies necessary 

4. Schedule installation of modules 

5. Hold periodic progress meetings 

At Teledyne Adams the five implementation steps have 

been loosely followed. The implementation is being managed 

by two people the office manager and the president. At the 

present moment three modules are being installed. The 

modules are inventory/purchasing, BOM, and general ledger. 

Obviously, accounting and inventory control are the first 

two areas being considered. 

However, even though the accounting aspects are being 

considered, the BOM module is a major module. The impor- 

tance of the module can be seen in the data and information 

it contains. Not only are materials and components that are 

required for assemblies detailed, but also operations. Most 

of the work implementing DCD is in the creation of the 

"master files". In essence, the files contain details and 

assign numerical codes for their respective subject. For 

the three modules currently being implemented, the following 

master files were set up: 

For BOM: Workcenter 
Operations 
Part master 
Department 
Inventory class 
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For Inventory/Purchasing: Part master 
Vendor 
Inventory class 
Warehouse locations 

For General Ledger: Department 
Division 
Period balance 
Journal 
Account budget 

Due to the fact that DCD modules are integrated, master 

files are shared. For instance, the Part Master and Inven-

tory Class files are employed by both BOM and 

Inventory/Purchasing modules. In another example, the 

department master file is used by both General Ledger and 

BOM. 

The following briefly describes the master files listed 

above. In the BOM module, the workcenter file contains the 

workcenter data. The data consists of a numerical code as-

signed to the workcenter and a "home" department. Also, the 

burden (overhead) rate, quoting rate, lag time between 

workcenters and number of machines are contained within the 

file. The operation file provides descriptions of opera- 

tions, also with a assigned numerical code. Data in the 

file includes labor rate, set up standard and production 

standard. The operation standard can be edited for in- 

dividual parts to give more detail about the process. The 

part master is one of the most significant master file be-

cause it drives several modules with the data it contains. 
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Besides part description, inventory related data is in the 

file, such as if the part is a purchased item or manufac- 

tured. Inventory class, order and inventory units of 

measure, (primary) vendor, ABC code and warehouse location 

are other data related to inventory in the master file. 

Costs are maintained in the file. The unit costs include 

labor, burden and material. These unit costs are recorded 

for average, standard and last. The Department and Inven-

tory Class master files are lists of department numbers and 

inventory class numbers, with their respective description. 

The files primarily provide the modules with descriptions of 

departments or inventory class when the appropriate number 

is entered in the respective field. As previously listed 

the Inventory/Purchasing module uses the part master and in- 

ventory class files. In addition, the vendor and warehouse 

master files are used by the module. The warehouse 

(location) master file is a list of different storage loca- 

tions the company may have. The file is a list which as- 

signs numerical codes to the locations. The vendor master 

file is used by purchasing and accounting. Vendor data such 

as address, contact name and discount are used by purchas- 

ing. However, for accounting purposes, additional data is 

stored in this file. This data includes objects such as, 

last invoice number, expense account number, month-to-date 

and year-to-date order data. 
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8.5 Implementation Problems 

There has never been any installation of a system that 

has not encountered some problems, whether major or minor. 

Of course, in implementing a PP&CS such as DCD, typical 

problems occur which are distinctive to production control 

systems. As will be shown, Teledyne Adams has experienced 

such problems. The major problems encountered are as fol-

lows: 

- No manual PP&CS was present. 

- No reports or any type of feedback existed from 

the production floor. 

- Too much personnel lacking experience in 

computers. 

- Accurate labor reporting not emphasized. 

- Limitations of part numbering system exposed. 

- Insufficient training. 

In the following paragraphs these problems are discussed in 

detail. 

Teledyne Adams' problems are severely magnified by the 

fact that no formal (manual) PP&CS existed. This produces 

much more reluctance by personnel than normal. Most people 

by nature resist change. This resistance arises from the 

fear of the unknown. People become comfortable with the 
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status quo and thus, reject change. Unfortunately, at 

Teledyne Adams, the supervisors and production line workers 

are accustomed to working to their department schedule only. 

They attempt to achieve the schedule and only report dis- 

crepancies as a last resort. There is no feedback informa- 

tion or job status reporting. For instance, material is 

pulled from inventory as needed without any recording of the 

transaction. Such actions are not tolerable by any PP&CS, 

computerized or not. This lack of background in production 

control systems on a plant wide basis is a tremendous 

obstacle for the implementation. 

The problems of "computer-phobia" are characteristic in 

any application of computers. With all due respect, most 

personnel directly linked to the production floor, see com-

puters as a threat to their job. They do not perceive com-

puters as a tool to enhance their job and increase their 

productivity. The fears stem from their "computer 

ignorance". More important is the "ignorance" which is 

found in the office environment. Some managers find their 

current methods of handling information sufficient, if not 

efficient. As a result, the managers are not committed to 

the success of the implementation. Support from the dif- 

ferent disciplines (engineering, purchasing, production 

management, and inventory management) is not evident. 

The production control system's effectiveness is based 

on the data supplied to it. For instance, labor rates and 
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material prices must be kept up to date. At this time the 

data collection has been planned to be recorded by the 

workers on a daily labor (report) sheet and then entered 

into the system via a terminal. Therefore, the operator 

must submit these sheets with accurate information. 

Presently, some workers do not submit any labor sheets. 

Some of those who do fill out the sheets do so to keep their 

supervisor quiet. Obviously, the consequences of haphaz-

ardly reporting labor is not realized by the workers. 

The installation of DCD has compelled Teledyne Adams to 

re-evaluate the way things are done. The revaluation un-

covers problems in the techniques being used currently. One 

such problem is the part numbering system. The system 

employed at Teledyne Adams is very explicit. However, no 

part number was assigned to customer supplied materials. 

Thus, Teledyne Adams had no way of tracking these materials 

or how much labor was being expended. The new system forced 

Teledyne Adams to fix such loopholes, and have things per-

formed in a correct manner. At times, people take shortcuts 

in order to expedite things. Although their intentions are 

good, it is rarely understood that more harm is being done. 

The harm is not realized until it is too late. 

As a result of accurate information another type of 

fear is created. This fear of accuracy may reveal problems 

never thought existed. Now, the list of problems increases. 

Furthermore, conditions may be bad when thought to be good. 

123 



As an extreme example, because of the accuracy of labor 

reporting, what were seemingly profitable jobs may actually 

be losing money. 

Another problem experienced at Teledyne Adams was the 

implementation process itself. No formal training was 

presented for DCD. The in-house training only provided 

overviews of the functions of the system. No hands-on 

training was provided. As a result, managers and super-

visors have very little familiarity of the methodologies 

used by the DCD software. The personnel assigned the physi-

cal task of starting up the system labored to learn by self 

taught methods. These people read the vaguely written 

manuals which explain how but, not why. Most of their 

education was "on-the-job-training". In summary, they 

learned by doing. Due to the lack of training, three more 

problems emerged. The first was assigning the correct per- 

sonnel for specific tasks. For instance, engineers created 

the BOM files instead of data entry clerks; a highly ineffi-

cient use of resources. The second problem was using the 

system for what it was designed for. For example, utilizing 

modules partially, when more benefits can be derived from 

full use. Arbitrary labor rates were entered with the in-

tention of using the rates for reporting instead of the ac-

tual rates. The third problem is a result of the lack of 

training and misusing the system. Unless, stumbled upon by 

adventurous users, certain functions will not be used. Of 
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course this diminishes the system's efficiency. Knowing all 

available functions allows the company to use the system to 

its fullest capabilities. 

Some of the problems described above are typical for 

installing new systems. The other problems are distinctive 

to Teledyne Adams. In the next chapter possible solutions 

or how the problems could have been avoided will be ex-

plored. 
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CHAPTER 9 

RESULTS 

The installation of any type of system in a company, 

requires patience. To get a system fully implemented 

usually requires years. Today, too many companies require 

quick returns on their investments'. One cannot overem- 

phasize that patience and commitment are needed in any sys-

tem which drastically changes the way a company thinks or 

works. In the following, several recommendations will be 

made which address the problems described in the previous 

chapter. In any case, one must realize that any suggestions 

or solutions will require time before any benefits can be 

realized. 

Since no manual PP&CS existed, no comparison can be 

made. For example, the computerized system cannot be com- 

pared to the manual system. Therefore, the benefits cannot 

be quantified, such as labor savings. As mentioned previ- 

ously, the benefits realized are "intangibles". The fol- 

lowing lists what has been accomplished by Teledyne Adams 

with the current implementation of the DCD system: 

1. The computerization has proven to provide inventory 

information quickly. 

2. Purchase order turnaround time streamlined due to 

clerical time savings. 
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3. Accurate material receipts. 

4. Quoting procedure made more efficient and accurate. 

5. Inventory problems easily traceable. 

6. General ledger automated. 

The list will be lengthened as time goes on and more modules 

are utilized. Additionally, with more experience with the 

system the utilization and efficiency will increase. 

A PP&CS is a group of methodologies integrated together 

into a system. Each methodology outlines procedures for 

achieving their respective goal. In order to use such a 

system and methodologies, the users must be versed with the 

system. At Teledyne Adams most managers do not understand 

production control systems. For a successful installation 

and implementation of the DCD system, the managers and su-

pervisors of Teledyne Adams should be introduced the fun- 

damentals of production control systems. The training 

should provide background in PP&CS methodologies. More 

defined training should be provided to managers whose 

department lies in the heart of the respective 

methodologies. For instance, production schedulers and pur-

chasing should be acquainted with material requirements 

planning. Capacity planning should be understood by produc- 

tion managers and supervisors. Purchasing should know how 

to control inventory. Hopefully, having management and the 

staff educated in production control should yield favorable 
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results. The day to day operations regarding production 

control should be practiced with ease. Examples include the 

use of move tickets, dispatching routing sheets, estab- 

lishing stockrooms, using stock requisitions. These seem- 

ingly minor activities are the inputs which drive their 

respective methodology. 

In order to obtain accurate labor reports, the factory 

workers must be disciplined in their reporting. Perhaps 

through the use of an incentive plan, the preceding may be 

accomplished. As an alternative, is to label the machines 

with the necessary data. The burden would rest on the 

department supervisor to supply the necessary data. For in-

stance, if a particular workcenter was used for several 

jobs, the supervisor would be responsible in making sure the 

correct information was given to the operator. As a check, 

the supervisor would also be required to sign off each sheet 

for proper data. Hopefully, in time the workers would not 

require constant checking. 

All of the foregoing paragraphs do not mention DCD or 

the use of computers. It may be beneficial, if at first a 

manual production control system was initiated for a period 

of approximately a year. Then when DCD is installed the 

burden would be diminished. The methodologies which are 

used by DCD would already be understood. The shift would be 

from a manual system to an automated one. 
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Once Teledyne Adams becomes comfortable with the manual 

system discussed above, only then should the implementation 

of DCD take place. In this period, training should be 

provided for the DCD software. Anyone involved working with 

DCD should first be given an overview of computer basics. 

The overview should include basics of computer hardware, 

fundamentals of MS-DOS, and an overview of computer net- 

works. Knowing the essentials should dispel some of the 

fears associated with first time computer users. The next 

step is to provide an overview of DCD. All managers and 

staff involved in any capacity should be acquainted with DCD 

and its logic. The more interaction a person will have with 

DCD, the more training they should receive. For instance, 

any staff responsible for supervising data entry personnel 

or will use any of the reports available from DCD's modules, 

will necessitate intensive training. 

Nevertheless, the start up outlined may require hiring 

additional personnel with the primary responsibility of 

operating and maintaining the system. Obviously, the ul- 

timate goal to implement the DCD control system will require 

a few years to reach. With patience and commitment, many 

benefits and returns will be realized. 
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CHAPTER 10 

CONCLUSIONS 

The installation and implementation of a production 

control system in a diversified manufacturing company has 

been analyzed. As with any project which impacts an entire 

company, problems were encountered. At Teledyne Adams the 

task of implementing the DCD Shop Floor Control System the 

task was compounded due to the lack of background in produc-

tion planning and control systems. No formal production 

control system existed at Teledyne Adams. The proposal was 

made to introduce a manual production control system before 

implementing any computerized system. Consequently, the 

date for achieving full implementation will be pushed back. 

It was noted that company wide commitment and patience was 

required for a successful implementation. At the writing of 

this paper the implementation of the DCD system is still 

currently in progress. Should any of the recommendations 

presented be utilized, the outcomes remain to be seen. 

The fundamentals of production planning and control 

systems were presented. The discussion served two purposes. 

First, to provide background on generic production control 

systems. Second, to serve as a meter by which the implemen-

tation may be measured by. 

A systematic approach is essential to implementing a 

production planning and control system. A two step process 
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was suggested for implementing the DCD Shop Floor Control 

System. First, introduce a manual production control system 

and practice it until the company becomes comfortable with 

such a system. At the same time, educate everyone in the 

essentials of production control systems. Providing in- 

depth training for personnel directly involved. Second, 

supply formal training to all personnel involved with DCD. 

Additionally, give overviews in the principles of computers 

to anyone interacting with the DCD system directly. 

Once the DCD Shop Floor Control System is fully imple-

mented, more optimization can be achieved by installing 

automated data collection. The data collection can be per- 

formed via bar coding. It will be shown, in the discussion 

of Future Work, that data can be collected more quickly any 

efficiently. However, the employment of a bar coding system 

would entail another comprehensive implementation task. 

In summary, in order to implement any system in a com- 

pany, patience and commitment are necessities. By furnish- 

ing personnel with proper training and education ideal con-

ditions can attained so time can be save and difficulties 

avoided. 

Another concluding note is about the thesis itself. 

The background research provides an excellent base and over-

view in the area of manufacturing management. The applica-

tion of such methodologies was found in the logic employed 

by the DCD Shop Floor Control System. From the actual im- 
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plementation, two important lessons were learned. First, 

the necessity of commitment by management so as to succeed 

in any project. And second, problems will always arise when 

attempting to apply theoretical methods in a real life 

situation. 
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CHAPTER 11 

FUTURE WORK 

Teledyne Adams will be required to investigate its op- 

tions with regard to educating the staff. Since the im- 

plementation has already been started, the company may 

change its current plan to the one proposed. The course to 

be taken at this point needs to be addressed by management. 

Again, patience and commitment are necessities no matter 

what management decides. 

After the DCD Shop Floor Control System is fully imple-

mented, the next logical step is to streamline the system. 

The area which impacts the system the most is data collec- 

tion. Production systems require accurate data to work ef- 

ficiently. Since production systems are essentially infor- 

mation and decision systems, if the system is supplied with 

bad data, then bad decisions are made. Automated iden- 

tification systems tremendously reduce the amount of bad 

data. These automated systems are faster to automate than 

other types of automation. If applied properly, high 

returns and fast paybacks can be realized. Of course, the 

most important payback is the reduction of errors in col-

lecting data. Automated identification system's main pur-

pose is to collect data, it cannot solve production 
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problems, However, it helps in finding where the problems 

are. (11) 

Automated identification systems use different tech- 

nologies. Some of these technologies include bar coding, 

radio frequency (RF), magnetic stripe, and optical character 

recognition (OCR). Bar coding is the most suited to 

withstand factory floor conditions. In the following, the 

benefits of implementing a bar coding data collection system 

are discussed. 

In collecting production data manually, production 

workers are forced to do some clerical tasks. The workers 

must take time out from their production duties in order to 

fill out forms, such as labor sheets. Unfortunately, this 

task has a cost associated with it. IN order to avoid using 

shop clerks or supervisors as means to collect the data, 

production workers are required to do some of a clerk's 

duties. Consequently, many production workers are inept or 

reluctant to do the required tasks. This can result in bad 

data. Bad data comes from two sources, lack of accuracy and 

lack of timeliness. (8) The lack of inaccuracy is primarily 

transcription errors, from mistyping or decoding poor hand- 

writing. The lack of timeliness is due to "batching" of 

data entry sheets. The sheets are allowed to accumulate and 

then entered in a periodic fashion. Obviously, the informa-

tion the production control system gives may not be up to 

date. Also, it is possible that the product is shipped 
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before the related data is entered into the system. These 

actions defeat one of the purposes of a production control 

system. 

Anyone can pass a wand over a label. No errors are 

produced in the collection process. Bar code errors occur 

10,000 times lower than entering the same data via a 

keyboard. Additionally, the speed at which that data is en- 

tered is ten times faster. (1) Another benefit is the 

reduction of paper on the factory floor. For instance, 

routing or labor report sheets. are no longer required. In 

addition, productivity and utilization of production workers 

are increased, since much less time is spent doing clerical 

tasks. 
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