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PREFACE

In writing the thesis, the author has dealt

lightly with, or excluded, many of the control and

planning operations which normally occur in texts on

the subject. It is not to be taken from this that

these are ~onsidered superfluous. Rather, the

information presented should be considered as obser­

vations which add to the knowledge of the subject.

Because the fi eld is so broad, the main points would

be lost in the maize of detail which would accompany

a description of all operations. The only consider­

ation is control and the subject is treated to

emphasize this.



TABLE OF CONTENTS

l N T R 0 DUC T ION • l

CONTROL BY WRITTEN RECORD •
Objective
Procedure
Appraisal
Capacities

DEFINITIONS • •

• •

•

•

4

7
7
tl
tj

10

PRODUCTION TYPES • •
Manufacture To Stock
Manufacture Ta Order
Manufacture To Stock Finish To Order
Prep1anned
Job Lot Production
Continuous Production

• • 12
12
13
13
15
14
14

17
17
17
1tl
1tl
19
20
21

22
22
24
26
29
30

32••

•

•

•

•

•

•

•

•

A TYPICAL PRODUCTION CONTROL SYSTEM
Organi~ation

Routines
Records
Orders
Discussion

AREAS OF OPERATION
Sales Analysis
Sales Forecast
Explosion of Master Schedule
Material Control
Production Planning and Control Systems
Time Keeping for Direct and Indirect Labour
Labour Distribution and Overhead Costing

INFORMATION

STUDY OF FLO~'l3 •
Why Infonnation Flows
How Infonnation Flows
Conclusions

• • • • 34
34
35
37



T A BL E o F C O N T E NTS

CO MMU NIC A T r 0 r-r B y ~-J R I T T S ~T 3. Ci' COR D S 39- .~

TRAl'!SCRIBING . • • • • • • • • • • • 40
h'r i t t en Forros 41
\'Il:'it t en Reports 41
Dissadvantages of l"lr'i t t en Records 42

1'.lRITTEN RECORD TRANSMISSION • • • • • • • • 44
Pneumatic Tubes 44
Teletype Machines 45

CODE COMMUNICATION • • • • • • • • • • 47
Temporator Network 47

TRANSCRIBING COHBINE:D hlITH TRANSIvjITTING • • • • • 50
Telescriber 50

SUNMARY • • • • • • • • • • • • 51

OTHER BASIC OPERATIONS • • • • • • • • • • 52
Classify 52
Record 56
Extract 59
Calclliate 60

A PP L I C A T I ON • • • • • • • • 61

Prime Factor 61
Needs at hbrker Level 63
Needs at Dispatcher Level 65
Suggestions 70

AUTO MATIC CON T R 0 L • • • • • • 71

Sensor 72
Hemory 73
Collator 74
Effector 74

CONCLUSIONS • • • • • • 75

BIBLIOGRAPHY • • • • • • • • • 7'7

0000000000



ILL U S T RAT ION So FLIS T
-~_.:-...:_--:=--=--=-----------=--~

G1:LA.YHICAL REPR8:S8NTATION OF THE TYFICAL P~ODUCTION CONTROL SYST:'l1 30 a

SKETCH OF A DIS?ATCH BOARD 57 a

A FLOOR LAYOUT i-JITH ~'DRK CENTBRS (Fig. 1) 61 a

00000000000000000



INTRODUCTION

The importance of good production control is

increasing with the steady increase in productivity found

in Canadian and American industry. (Normally, the United

States manages to achieve a yearly gain of 2% in produc­

tivity.)

In view of this it is insufficient to compare

lost time, commonly called waiting time, of say ten years

ago, with that of today and assume, because there has not

been an increase , that the control system is operating

satisfactorily. A much better indication of the effective­

ness of the control system is a ratio of waiting time to

productive time since the latter will likely have been

decreasing steadily for the same unit of product.

Present day accounting methods do not show waste

due to inefficient systems. And many outdated production
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control systems continue to existe In addition, there is

usually no means of appraising or rating of how weIl the

control is being performed. In other words, the control

system may be out of control.

There are two trends worthy of consideration.

The first and more common trend is - simplification of

production control systems by applying flow analysis and

work simplification principles to the operations involved

in controlling. The second trend which is not so common,

is to modify the method of production and change the

design of the product so that control may be completely

automatic.

Both trends will be discussed in this thesis since

it is believed that the ideal control system for most

industries is a combination of the two. The degree of

mechanization depends on the economic conditions involved.

The analysis will be directed to determine the Ideal

control system. We shall first deal with control through

the written record. This control is aptly stated as follows:
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"The modern conception of control is based
upon the sound principles of preplanning
and foresight with adequate means of
immediately measuring the actual perform­
ance with predetermined standards." 1

Texts on the subject of production planning and

control deal mostly with the functions of planning

and inventory control. Few provide "adequate means of

immediately measuring the actual performance with the

predetermined standards." Modern accounting machines

and systems are used to decrease the delay between

reception of the information and the tabulating and

reporting of the results, but there still exists a

delay before the information, as recorded at the scene

of action, is transported to the tabulating departments.

This delay may be sufficient to cause lack of control.

With this in mind, the process of production

will be reviewed with the aim of simplifying and

improving it through the introduction of mechanical aids.

1 Thomas M. Landy Production Planning and Control

McGraw Hill Book Company Inc. 19.50 P. 4
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It is proposed to reduce the control to its lowest

level and, if possible, perform the measuring of

actual results with the predetermined standards at the

time that the operations are being performed.

DEFINITIONS:-

Control: Control is, "the way in which an industrial

enterprise is made to conform to satisfactory pre­

determined procedures and policies."lControls may be

applied to administrative work, to finances, to sales

and distribution, and to production. Thus defined it

is r eadily seen that controls do not necessarily

restrain, but rather direct and accelerate the

procedures and processes of an industrial activity.

Control of Production: Production control is, "the

mental and physical techniques and procedures employed

to the end that the right quantity and quality of a

product shall be produced at the right time by the

best and cheapest methods ," 2

l Lawrence L Bethel Phd ~ed) Production Control McGraw

Hill Book Company Inc. 1948 2nd ed. P. l •

2 Idem.
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Planning:

Planning is an important function of management and,

in order to accomplish anything of importance, planning should

precede doing. Planning in an organization covers a wide

scope. For example, when considering production control

functions, planning May range from what is called master

planning performed by the administration to what is called

secondary planning performed by th€ foreman or even by the

operators.

Budget:

liA budget May be defined as a collection
of estimates of income and outgo for a
coming period (based upon records of
past experience, present business
conditions, and indicated trends) inte­
grated into a single comprehensive plan.
Budgets are not restricted to dealing
solely with dollars and cents. oThe
budgets necessary for adequate control
of a business give estimates of the
probable accomplishments of every
department, as well as the probable
cost of running the department and
provide a means of checking the actual
performance against the plans made." 1

l William B Cornell Organization and Nanagement in

Industry and Business 'l'he Ronald Press Company, l'jetl York

1947 3rd ed. P. 572
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Considering this definition it will be noted that

the production schedule is just one form of budget. It is

an estimate of income (raw materials, labour, power, etc.)

and outgo. (The finished product for a given period.)
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CONTROL BY WRITTEN RECORD

Production control as it is understood in the present

day meta1 working industries is control accomp1ished by means

of the f10w of paper. In practica11y every case the medium

of control is the written record and e1aborate and cost1y

systems have been devised to obtain control in this manner.

"Control is a basic process and whatever
the type or whatever the subject it
embraces the fo11owing e1ements:

1- Objective what is desired.
2- Procedure

a) Plan - how and when it is
to be done.

b) Organize - who is responsib1e.
c) Standards - what constitutes

good performance.
3- Appraisa1 - how we11 it was done."l

Production control is actua11y control of four factors,

labour , equipment, materia1 and product. We can therefore fit

in the elements of production control as follows:-

OBJECTIVE

The object of production control is to control

quantities of labour, equipment, materia1 and product sa that;

l P. E. Holden, L.S. Fish and H.L. Smith Top Hanagement

Or~anization and Control Stanford Univ. Press, 1941 P 77
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staying within predetermined limits of time, quality,

effort and design; cost is kept at a minimum and schedules

are met.

PROCEDURE

The statement of the procedure for production

control becomes involved since we find that the identical

procedure is not ideal for each of the four factors being

controlled. In addition, since the four factors are inter­

related, each cannot be controlled independently. The

usual and most successful method is to select one factor as

the prime controlling factor and fit systems for the other

three to the procedure devised for it. The basic principle

governing the choice of the prime factor is to choose the

one which contains the least number of individual items.

Procedure is thus influenced by the type of

production being controlled and by the characteristics of

the product.

APPRAISAL

The production control supervisor in the typical

factory usually has only one answer to the question - "how

weIl is the control being performed?" This is, "we meet our

schedules and do not have excessive waiting time."
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It is quite likely, however, that the objective as

stated is not being met because in many cases in order to

meet schedules unbalanced loads are thrown on various sections

of the factory. For example, there may be excessive set up

timej or the equipment may be loaded to extreme at one time

and then idle at another.

It is suggested, that the extent of utilization of

the factory capacity might provide a means of appraisal to

suppliment a measure of the ability to meet the schedule.

Two ratios which may be used when measuring capacities are

capacity and load factors.

Capacity Factor

"Capacity factor is defined as the ratio of
the average capacity actually used to the
available capacity." 1

Load Factor

The ratio of peak to average load is called the load

factor. This is defined as "the ratio of average demand to

the maximum d emand ;" 2

1 Ba1d~vin M. ~bods and Paul De Garmo - Introduction to Sngineerin~

Economy The Macmillan Company New York 1942 P. 246

2 Ibid. P. 2)18
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Capacities

In order to use these factors the relation of various

capacities must be known. These are best shown graphica11y

as fo11ows:-

OPERATING INT~RUPTIONS

THEO R;'~TICA1

AVAILABLE
CAPACITY

.·r"'··~"'-"_--·H""~'"'' ço.... 1 ...
IDLE CAPACITY

PRACTICAL ,
CAP ACITY

It is recognized that the capacities will not be in

balance throughout the factory and there should be a means

of pacing or contro11ing them. Certain machines will produce

at higher rates than others; or operating de1ays will not

occur as predicted so that, if work is a110wed to f10w

natura11y without control, the f10w will be unba1anced.

From this it is seen that the capacity factor, which

is set by the schedu1e, will vary for each production

center. In addition, it shou1d never be set at 100% for,

to be rea1istic, it shou1d take into consideration actua1

conditions as they wou1d exist at the period of operation.

If set too high, the capacity factor will eventual1y cause

trouble by creating hardships for both the operating and

servicing personnel. On the other hand, if set too low,

the id1e time will be excessive.
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Capacities (cont'd.)

The capacity factor has been suggested as one measure

for the appraisa1 of production control because it indicates

the degree of control accuracy needed. The c10ser the

operating capacity approaches to the theoretica1 capacity

the more difficu1t the control will be.

It is suggested that the load factor cou1d be used

to measure the stabi1ity of the control. It is difficu1t

to operate with large load fluctuations and the more stable

control is the best.
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PRODUCTION TYPES

Production types may be considered from the point

of view of how the product is shipped and how the orders are

received. This affects the way that the equipment may be

arranged in the factory, which in turn affects the control

system. A major factor in the control system is whether the

equipment is set out in a functiona1 or in a line type of

1ayout.

The three divisions or ways in which the product

may be shipped can be termed as fo11ows:

1) Manufacture ta stock
2) Manufacture to arder
3) Manufacture to stock and

finish to order.

1) Manufacture to stock

This is a common method of producing items which are

in continuous demand. By producing to a bank of fini shed

items, economica1 lots may be processed before changing over

the set up. The stock of finished items acts as a buffer to

absorb the shock of large orders. Control when producing to

stock is usually easier than when manufacturing to order.
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2) Manufacture to order

Manufacturing to order is common for special items.

Planning is usual1y rushed because often operators must be

trained, too1ing provided and a11 other planning and procuring

processes performed after receipt of the order. This may not

be the case however, since many items are planned in

advance and simply manufactured to order.

3) Manufacture to stock and finish to order

This production is a combination of the previous two

types. It is an attempt to reduce the prob1ems of producing

to order by producing to stock as many standardized items

as possible. Control of this type is more difficu1t than

production to stock, but not as difficult as manufacture

to order.

An important princip1e to note when considering the
1

complexity of the problem of production control is - that

it is the type of production, not the kind of product that

is the determining factor. It is true that the kind of

product may govern what type of production is used. Because

of this there has been a tendency to compare systems on a

basis of the product rather than on a basis of the

production process.
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The manner in which the orders are received is another

consideration. Items may be ordered once never to be repeated,

or they may be continuous1y repeated unti1 there is a design

change of the item. The common names for each of these is

Job Lot Production and Continuous Production.

Job Lot Production:

Job lot production is production of custom bui1t

items which are produced to a specifie order received from

the customer. It is inconceivab1e that you wou1d have job

lot production and produce to stock; therefore, the prob1ems

of job lot production are those of producing to order. Ail

planning is done after the order has been received, and the

planning for this type is a major portion of the control

process. Once planning has been comp1eted the control can

be performed in a simi1ar manner to control of continuous

production.

Continuous Production

In the case of continuous production the job of

production control may be reduced to a few fundamenta1 steps

which will permit operations to proceed in an orderly
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Continuous Production (cont'd.)

fashion to the accomp1ishment of the predetermined resu1ts.

Prep1anned

Whatever the type of production, it shou1d be

contro11ed by fo11owing the princip1e of prep1anning and

foresight with the adequate means of immediate1y measuring

the actua1 performance with the predetermined standards.

The difficu1ty observed with job lot production has been

the setting of the predetermined standards. This difficu1ty

is overcome by the use of standard data. One such form is

"Methods Time Measurement," a procedure which enab1es time

standards to be set from drawings of the parts. Whatever

the type of production, predetermined standards are

essentia1 to control. The manner in which these are set

is beyond the scope of this thesis since it will dea1

on1y with the measuring and the actions which fo11ow.

Areas of Operation

In order to visua1ize the prob1em of control by

written record the areas of operation which wou1d be in­

c1uded in a 1ight meta1 working industry will be

considered. These areas wou1d exist no matter what type

of production is being fo11owed. The major contro11ing
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Areas of Operation (cont'd.)

factor in this consideration is the product and the control

systems of materia1, equipment and labour are fitted to the

system devised for the product.

It is to be rea1ized that these are typica1 areas

of operation and that the nomenclature is not standard.
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ARBAS OF OPERATION

1) Sales ana1ysis
2) Sales forecast and Master Manufacturing Schedu1e
3) Explosion of Master Manufacturing Schedu1e
4) Materia1 Control
5) Production Planning and Production Control
6) Time keeping for direct and indirect labour
7) Labour distribution and overhead costing

(Manpower control)

These areas of operation will be considered from the point

of view of, how they relate to the four factors of production;

product, equipment, materia1 and labour. It will a1so be

shown how a paper control system cou1d be bui1t around them.

Sales Ana1ysis

Sales ana1ysis is a means of using a scientific

approach as a basis for foresight. The results of this may,

in the end, depend a great deal upon the judgement of the person

or persons making the ana1ysis. For this reason the production

control system must be adaptable to change.

Sales Forecast and Master Manufacturing Schedu1e

The sales statistics developed through the procedure

of sales ana1ysis cou1d constitute one of the principal

bases for a Sales Forecast. In order to be sufficiently

sure that the proposed manufacturing program based on this
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Sales Forecast and Master Manufacturing Schedu1e (cont'd.)

Sales Forecast can be executed by available plant capacity.

It is necessary that the Forecast be first converted into

terms of Machine and Man Hour Loads. In order to do this,

the standard times to produce each of the items of the

product must be known,along with the quantities of items

required.

Explosion of the Master Manufacturing Schedu1e

To determine the number of individua1 items

required and the materia1 going in to make up these items,

the Master Manufacturing schedu1e must be broken down from

assemb1y 1ists or the equivalent into a11 component parts.

For purpose of discussion this is described as Explosion

of the master manufacturing schedule. This is usua1ly a

simple mechanical breakdown and is often performed by

bookkeeping machines.

Materia1 Control

Various materia1 control systems are used in

industry. Considering the areas of operation as they have

been stated, the materia1 control section wou1d be responsible

for:
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Mat er i a1 Control (cont'd.)

.a ) Explosion of the Mas t er Manu­
facturing Schedu1e

b) Operation of materia1 control
records covering products,
assemb1ies, manufactured parts,
purchased parts and raw materia1.

The materia1 control records constitute the

base from which detai1ed production planning proceeds,

manufacturing orders are originated, and the overa11

position contro11ed. The c10sest co-ordination and co-

operation between Materia1 Control and Production Planning

and Control is therefore essentia1.

Production Planning and Control Systems

A number of functions are covered by the

planning and contro11ing sections of a factory using the

written record as control.

Functions of the planning section wou1d be

as fo110ws:

1) Load Record.
2) Conversion of Sales Forecast into

terms of 10ad for ana1ysis and
adjustment.

3) Deve10pment of the Master Manu­
facturing Schedu1e.

4) Special Order Schedu1ing and
De1ivery Promises.
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Production Planning and Control Systems (cont'd.)

5) Manufacturing Order origination
and preparation, grouping of lots
into economic runs.

6) Manufacturing Order Scheduling.
7) Follow-up on raw material

required to release Manufacturing
orders.

8) Release of Manufacturing Orders
to Dispatching section when
material is available.

9) Observance of over-all execution
of the production plan.

10) Answer customers' enquiries as to
position of their orders.

Functions of the Dispatching section are as follows:

1) Issuance of jobs to operators.
2) Methodical follow up of all

manufacturing orders.
3) Maintaining and operating the

control mechanism.
4) Immediate reporting of all

delays.

Time keeping for direct and indirect labour

Time keeping may not be considered as a

production control function. It is interesting to note,

however, that a good production control system will serve

to secure ~omplete and accurate recording of employee's

time throughout the factory. Since one of the factors

controlled is labour, time keeping has been included as an

area of operation. In most industries the payroll depart-

ment is assigned this work.
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Labour Distribution and Overhead casting

Here again it May be questioned whether this

is a production control function. Information which is

deve10ped during the planning will either aid or serve in

its entirety the function of labour distribution and over­

head casting.
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A TYPICAL PRODUCTION CONTROL SYSTEM

It will now be shown how a written record type of

production control system could be built around these

areas of operation. Since this thesis is ta deal only with

control, the planning functions will not be covered.

The type of production being controlled can be

described briefly as: - Functional equipment layout with

line type of assembly, items manufactured to stock with

orders received continually. The commodity is complex

since it contains numerous individual parts.

ORGANlZATION

The various factors which are contralIed are

interrelated but control is mostly performed by the persons

or departments indicated:

Labour - Dispatcher, Department Foremen, Factory
Manager.

Equipment - Dispatcher, Department Foremen,
Factory Manager.

Material - Stockroom and Production Planning.
Product - Production Planning and Department

Foremen.

Labour:

Time study rates are set as standards on aIl

production jobs. The time it took to perform the job is
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Labour (cont'd.)

recorded on cards by the operator. This in turn is entered

by the dispatcher on employee record cards along with the

time it should have taken had the employee been producing

at the standard rate. At the end of each month the

dispatcher computes the employee's average efficiency from

the employee record cards and presents this information

to the foremen. The standards plus a knowledge of operating

efficiency furnish the planning with the information needed

to calculate the number of employees required for a given

schedule.

Equipment

The departments are divided into work centers

according to equipment types. The same cards which are

used to obtain the employee's records are used to compute

machine utilization. Reports of this are sent by the

dispatcher to the Factory Manager and the Foremen at the

end ofeach week indicating to them the waiting time at the

various machines.

Material

For the purpose of this discussion material

will be either the parts or raw stock which are stored in
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Material (cont'd.)

the stockroom. Material will be classified as raw, incomplete,

or complete. Raw is basic stock such as rod or strip steel

as it would be received from the rolling mills. Incomplete

is partly processed but it is not in a condition to be placed

into the product. Complete is ready for assembly.

Material is controlled mainly by the stockroom

based upon information received from the production planning

department. This is control by maximum and minimum stock

entries. Whenever stock falls below the minimum or above

the maximum, the stockroom notifies the production planning

and the dispatcher.

Product

The quantities of product are controlled by

the product planning department. This department schedules

what type and what quantity of product is required at a

defini te time.' AlI other control must be coordinated to

attain this schedule.

ROUTINES

Master Schedule

The master production schedule 1s issued by

the production planning department. This states the type,
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Master Schedule (cont'd.)

quantity and assembly date for each product. It forms the

basis for aIl other controls.

Explosion of Master Production Schedule

The master production schedule is exploded to

determine requirements of raw material , purchased parts and

manufactured parts. This is done by means of lists which

record the parts in terms of the product.

Material Control

Material is controlled by means of minimum and

maximum stock entries made on stock control cards f iled in

trays. Plastic markers at the base of the cards give

visual control of the material. The record clerk slides

these markers alang to indicate the status of the raw

material recorded on the cardo Minimum stock entries are

adjusted to agree with the schedule.

Incoming and outgoing material is recorded

daily. Material going ta the manufacturing department is

ordered by the Dispatcher on a stock issue requisition,

which is a blue copy of the dispatch traveller. If there is

stock, the stock issuer f i lls the order and places the white

copy with the parts. The blue copy is given ta the record
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Materia1 Control (cont'd.)

c1erk who records the stock withdrawa1 and then sends the

b1ue copy back to the Dispatcher. If there is insufficient

stock to fi11 the order, the stock avai1ab1e is marked on

the b1ue trave11er and both b1ue and white trave11ers are

returned to the dispatcher.

Production Planning and Control

Planning

This app1ies to a specifie system.

A11 production planning for manufacture is

based upon a production of 1500 units per lot. That is,

orders are issued to make this number of units and it is

the time a110wed to complete the orders that is varied

to meet the production schedu1e. This means that the

quantities stated on the manufacturing orders are fixed.

It is the frequency of issuance that is varied.

Control

Control of manufacturing is aided by using a

dispatch board. The Dispatcher issues the trave11ers in

trip1icate retaining the pink copy. When he receives the

b1ue copy indicating that the stock has been issued, he
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Control (cont'd.)

notifies the trucker to pick up the stock and take it to the

first work center. The Dispatcher has a record of the routing

on cards beside the dispatch board. When the trucker takes

the work to the first operation, the Dispatcher places the

pink traveller in the dispatch board in the proper work

center compartment. Control is then accomplished by moving

the pink traveller through the dispatch board agreeing with

the flow of work.

Labour and equipment control

The Dispatcher receives notification of every

stock MOye by a flow of empl oyee time cards, which are

brought to him by the truckers. He also fills out the

operation, employee and machine record cards with the

desired information. The flow of the employee time cards

is as follows:

1) Employee receives cards from tub placed
in the department.

2) When job starts employee punches time on
the card by means of a time clock.

3) When job is f inished the employee refers
to the routing sheets in the department
and enters on the card - part number,
operation number and work center number.
He then punches in the time finished.
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Labour and equipment control (cont'd.)

4) A weigher with a travelling scale
counts the parts and enters the
quantity finished. He also notes
that this agrees with the white
traveller which remains with the
parts.

5) The trucker moves the parts to the
next operation, picks up the time
card and takes it to the Dispatcher.

6) The Dispatch clerk moves the pink
traveller to the next work center
compartment in the dispatch board,
and then fills out the required
records from the time cardo

7) The time card is then sent to the
Cost Control Department.

RECORDS

Operation record

The operation r ecord card is a permanent

record of an operation. One card is made out for each

operation and includes operation number, part number,

work center number and standard time in the heading of

the cardo The dispatcher fills out the remaining

information as the time cards are received. These

entries are: operator number, quantity, date, time taken

and time it should have taken (calculated).

Employee record

The operation record is summarized on the

employee record cards and an additional calculation of

employee efficiency is made and entered. The Foremen and

Factory Manager refer to this record when considering

advancement.
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}lachine record

The machine record is a1so a summary made from

the operation record cardo In addition, a week1y report of

machine uti1ization is compi1ed from the machine record.

This report is sent to the Foremen and Factory Manager.

ûRDERS

The dispatcher is motivated to issue travellers from three

sources.

1) Stock shortage notes received from
the stockroom.

2) Work center load shortages indicated
by the dispatch board or requested
by the foremen.

3) Factory assemb1y orders received from
the planning department.

Shortages

Shortages receive first priority when trave11ers

are issued. The over-al1 control, however, is not based on

shortages. The Dispatcher knows from the parts 1ist and

factory assemb1y order that a certain number of parts must

be processed during a certain periode He a1so knows, from

the time standards, how many hours shou1d be spent processing

the parts. Since he is recording the actua1 times spent

processing he can ca1cu1ate the average efficiency of the

various work centers and will know how the work is actua11y

proceeding.
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Work Center Load

In practice, as long as all work centers

contain the correct number of employees, keeping the work

centers loaded will maintain the schedule,provided that the

operators are producing only the correct number of each

part. To assure that there isn't duplication of, or

over-production of orders, the Dispatcher maintains a

r ecord of the quantity of parts or,of orders outstanding,

by means of a simplifi ed Gantt chart.

Non Standard Procedures

If, due to faulty material, workmanship, or

some other cause, it is found necessary to modify the routingj

the change is stated on a special order. The Dispatcher

receives a copy of this order and routes the work by means

of this copy.

Discussion

It may appear from the foregoing that the

typical control system is overly complicated. Actually this

system is not as complicated as many in operation today.

It was chosen for two reasons: First, it provides a

definite means of controlling each of the four factors of

production. Secondly , it is an operating system which can

be readily analysed by the author.
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Discussion (cont'd.)

A system of control is on1y as good as the

weakest section in it. Certain deficiencies have been noted

in the system described, and it is fe1t that these are basic

and worthy of discussion. The aim, of course, is to

determine what mechanica1 aids may be used to advantage when

contro11ing production, and the ana1ysis will be directed to

this end.
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INFORMATION

When one considers the description of a control system,

paying close attention to the wording, it will be found that

certain words or phrases are repeated. For example, the

ward "notifies," will occur many times.

No matter what system is used it should be designed

sa that information is rushed ta the persan or persons who are

to make decisions. Thus it appears that the basic operations,

common ta aIl production control systems, are operations

performed on, or performed with, information. In addition,

if the original conception of control is considered it will

be realized that at every decision level in the organization

a comparison is made between information from two or more

sources before that decision is made. It might be stated

that decisions can he made without comparing information

in the usual sense; such as analysing two reports on the same

subject. In this case, the person compares the information

received with information stored in his memory and makes a

decision accordingly. Such actions are poor for control since

memory is not accurate and facts may be distorted.

Th~cas~5~ discussioll_is~ptly_ demonstraied by -the- - - - - ­

stock keepers found in many industries. Code numbers for

parts may be presented ta these persons in rapid order and
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they will cali upon their memory to supply the description,

quantityand stockroom location of each of these. Such

persans are very handy but records must be kept to guarantee

that errors do not occur. The persans with the astounding

memories should be used to supplement the records, and not

vice versa. If the records are kept by this person they

will be inaccurate since he will tend to first utilize

his memory and then make the entry when time is available ­

usually some entries are forgotten.
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STUDY OF FLOWS

In order to study the operations performed on,or with,

information it is advisable to consider why and how information

must flow.

Why Information Flows

We must have an information flow to the various levels

in the organization. The basic reason for flow is that the

operating or working personnel are not the same as the

deciding or planning personnel. Once the areas of

responsibility are clearly defined, and this is essential

for control, the flow of information must emanate from and

return to these areas. The difficulty found when the areas

of responsibility are assigned, such as, byan organization

chart, is that a stronger personality will gradually take over

the duties of the weaker 50 that' eventually the organization

changes. While thi5 transition is in process confusion will

exist. The other extreme may occur where the persons perform

only what is assigned as their dutY so that when a fringe

duty, that is one which i5 partially the responsibility of

one and partially that of another, occurs the dutY is not

performed.

One answer to this problem of assigning responsibilities

is to assign them to a committee composed of persons at the

same level in the organization. The stronger personalities

will naturally lead this committee but they will not have
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any higher authority so that discussion will f10w free1y.

With this in mind we sha11 simp1y state that information

must f10w to and from the various 1eve1s of authority. It is

to be rea1ized that a 1eve1 of authority may consist of on1y

one person or of a committee of persons, but whatever the

case, it is their responsibi1ity to decide upon the action

and see that the decision is carried out. If the decision

is such that a higher 1eve1 of authority is needed, each

lower 1eve1 shou1d be so we11 versed in their duties that

the information is expedited to that 1eve1 with the 1east

10ss of time.

How Information F10ws

The f10w of information is bi-directiona1. First there

is the f10w of decisions from higher to lower authority 1eve1s.

Certain actions are taken and then there is the return f10w

which carries information back to those who initiated the

decisions. As the information f10ws it passes through

various processes. It is these processes which are basic.

For the purpose of discussion»we sha11 name each f1ow. Flow

from the higher to lower 1eve1s we sha11 ca11 "Directing"

and the f10w from the lower 1eve1s to the higher we sha11

calI "Reporting".
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Directing

Much has been done to improve directing and most Managers

and Executives realize the importance of keeping those under

them weIl informed. The timeliness of directing depends upon

how many levels of authority the information must pass through.

The manner in which authority has been delegated will there-

fore affect the directing flow.

liA supervisor should delegate aIl
authority it is possible to
delegate in order to get work done,
reserving for himself the necessary
remainder of authority to oversee,
check, and direct work of others."1

The principle behind this statement is the exception principle

which is utilized to advantage when controlling production.

Reporting

When one considers reporting it is noted that it is

usually incomplete or untimely. One reason for this is that

the person or persons reporting may be recording their own

action~ and will consciously or sub consciously highlight

the more pleasant information. Thus, if unpleasant information

is to be reported, the person may withhold the information

in hopes that the condition will change. Since it usually

is this adverse information which is the more important when

l ~villiam Staniar M. E. Plant Engineering Handbook HcGraw-Hill

Book Company, me. 1950 Lst , ed, P. 28
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Reporting (cont'd.)

controlling production this is a weakness of reporting which

must be considered. Another is, that the reporting flow

originates at the lower levels where the tendency is to do

work rather than talk about it. Often the flow is broken

because the person responsible for initiating this flow is

too bus Y removing the trouble which should be reported.

Conclusions

From the foregoing we see that information must flow

freely for good control. For in every case, the operation

of control is to receive and act upon information. It is

incorrect, however, ta assume that a flow of information

sent at random ta ail l evels of authority is the answer

to good control. Each level should receive information use­

fui to it. The tendency is, that the higher the level the

more general the information. For this reason, the

information will usually pass through the various levels to

be processed for each succeeding level. When an emergeney

occurs, the information may pass up through the organization

in its original form, but it is essential to note that it

must pass through each level or,at least,each intermediate

level should be notified. The same oeeurs with direeting

flow. It must follow the proper ehannels or lack of control

will occur.
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Conclusions (cont'd.)

The best control occurs when the trouble is anticipated

and the remedial actions start immediately, or even before,

the trouble starts. This is more nearly approached by

having the reporting flows so adjusted that the first

indication of an exception to the directing flow is reported

immediately. In order that the directing will be timely

it should originate at the lowest possible level.

The flow of information, directing and reporting should

form closed loops if plotted on a chart. In other words ,

there should be a reporting flow for ever y directing flow.
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COMMUNICATION BY WRITTEN RECORDS

When humans are performing the control1ing actions, the

information they receive must be in a form which they may

interpret. In addition, it must be in astate that may be

transported, sorted, compared or fi1ed. There are the two

ways of communicating, either: (1) by verbal methods, or

(2) by written methods. Since it is the general opinion that

verbal communication in the factory is not satisfactory

because of the chance of mis-interpretation and error, the

written method of communication is the more common.

A detai1ed study of communicating devices might be

considered at this point. Only a few of the many devices

which are availab1e will be inc1uded because many, especia11y

those used for long range communication, are not considered

practica1 for factory use.

We are dea1ing with communication between various

levels in the organization and, °because the characteristics

of the personnel and the type of work they perform varies

at the different 1eve1s, it seems reasonab1e to assume that

one means of communication is not best for ail levels. The

approach will be to examine the means at our disposai and

then fit, or modify, these for use in a control system.

Before the means of communicating are considered, the

method of producing the written record will be discussed.
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Transcribing

Information must be transcribed so that it is in a

state that may be transported, trans1ated, sorted, compared

or stored. Typewritten information is the most 1egib1e but

in some cases information written in 10nghand is suitab1e.

There are various ways in which information may be

prepared for typewriting. Three common ones are as fo110ws:

(1) Dictate and record by shorthand
(2) Dictate and make recordings
(3) Write out in 10nghand.

The relative times taken for each of these depends to

such an extent upon the persons performing the operations

that accurate comparisons cannot be made. It is sufficient

to say that (1) and (2) are comparable as to time consumed.

A rate of 60 words per minute is close to average for these

operations. To write out longhand will take much longer and

an average figure of 25 words per minute is suggested as

. good transcribing rate for this operation.*

The gain by using a recording machine is rea1ized by

releasing the stenographer so that she may be performing other

operations at the time of dictating. The time elapsed to

dictate into a machine or to dictate to shorthand will be

* Time study fi~ures.

\
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Transcribing (cont'd.)

the same so that a recording machine does not shorten the

time cycle to proceSSj providing that typing is not de1ayed

because the stenographer is taking the dictation.

Transcribing tille may be reduced, however, by using

written forms.

Written forms

The advantage of the written form is, that it is an

order1y standardized arrangement of presenting information.

When a form is used it forces the type of information that

is presented and in this respect it is good for reporting.

Directing by means of forms is a1so good because the form

usua11y reduces the possibi1ity of confusion through it's

simp1icity. If the form is we11 p1anned it will 1essen the

time for recording the information.

It is good po1icy to use forms wherever practica1 to

replace reports. Examp1es of forms used in production

control are stock requisitions and routing sheets. In this

we find an application of the princip1e of pre-planning to

the act of recording information.

Written Reports

When more detai1 is required or when information is of

a special nature, written reports may be used instead of
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Written Reports (cont1d.)

written fOrfis. In this case, the information is not standard­

ized and it takes longer to prepare. The important fact to

consider is that reports and forms do not accomplish any

positive action. They simply act as information carriers or

retainers and it is the interpretation of them and the actions

which follow which benefit the company. From this it i8 seen

that there should be a minimum of forms and reports.

It is not possible to visualize the company which

operates without records but it is conceivable that our

conception of written information such as fOrfiS and reports

might change. Possibly some other form of record keeping,

such as coded systems or recordings, which may be stored or

processed faster than written information, could be used to

advantage. This appears to be the trend and we find some

installations with tabulating machines and automatic feed back

control systems performing most of the controlling operations.

Because the expense of these restricts their use, we shall

deal mostly with the written type of record.

Disadvantages of Written Records

The greatest disadvantage of the written record is time

delay. Not only does it take time to write or fill out the
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Disadvantages of Written Records (cont'd.)

information but al so it takes time to transport it. A common

method is to employ mail clerks who pick up and deliver the

media. This means that the rate of delivery is dependent

upon a periodic messenger s ervice and it is controlled by

the whims of low paid clerks. The disadvantage of this has

already been recognized by business machine manufacturers and

equipment has been developed to perform this operation.

The time taken to perform the transcribing has already

been discuss ed and it was noted that recording machines are

sometimes us ed to save time for the secretaries, but that

these do not reduce t he overall cycle time taken. There are

types of equipment however, which transmit the information

as it is transcribed. These save time by combining the

operation of transcribing with that of transmitting.
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WRITTEN RECORD TRANSMISSION

Pneumatic tube

The Pneumatic Tube Systems are a familiar sight in many

large departmental stores where they are used to carry orders

and money from the work floor to a centralized office .

Similar systems may be used to advantage in factories.

Advantages of Pneumatic Tubes

The Pneumatic Tube System will transmit the media

directly from one point to another without chance of it being

incorrectly routed. Drawings and even small parts, as well as

written records may be transmitted by the system. It is a

mechanical substitute for the mail clerks and guarantees

quick delivery.

Disadvantages of Pneumatic Tubes

Once the Pneumatic Tube System is installed,the route

over which the information may be transmitted is fixed. Thus

the system is not flexible. Also, because of the expense of

installation, it is only practical to use the tubes where a

large traffic of mail will occur and it is likely that the

tubes will feed only large groups so that a secondary

transporting system would be required. Another transmitting

system would be needed if there is any traffic of large

reports such as books.
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Conclusions

The Pneumatic Tube Systems are good when considering them

as a substitute for mail clerks. They will aid control by

speeding the transmission of information, but they must be

operated where there will be a large flow of mail.

Teletype Machines

When large distances are to be covered, the teletype

machine might be considered. With these machines the

information typed on a sender will be duplicated on a

receiver.

Advantages

The teletype machine gives permanent record of the

information both on the sending and receiving machines.

This reduc es the chance of an error. Any message which

may be typewritten may be sent by teletype. It is not likely

that it would be used to send information on forms but the

machines are often us ed to transmit coded information.

Disadvantages

The main disadvantage of the teletype is its expense.

Because of this it is common practice to find that only one

machine is available for aIl transmitting and receiving at

one station. This restricts sending and receiving to only

one message at a time.
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Conclusions

The teletype machine is a communicating device for

two main communicating centers situated miles apart. It is

not suitable for inter-plant communication when there is the

likelihood that more than one message will be sent or received

at the same time on the same machine.
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CODE COMMUNICATION

In order to simplify the messages sent and received,

codes are often set up. The equipment already described

will transmit codes but there are special machines suitable

for this.

Temporator Network

The temporator machine is a simple number recording

machine. A dial similar to that on a dial telephone is

connected to step type relays so that when a number is

dialed it appears in a window both on the receiving and on

the transmitting sets. Any number of digits may be operated

by the dial but a common number for each unit is twelve.

When used from a central office,the unit in the office may

contain several rows of indicating windows so that more

than one signal may be received at one time. Thus a central

dispatch office could operate several outlying tempor units

which were located in work centers.

Advantages

There is little chance of an error in transmission

since, when the numbers are dialed, the digits show up on

the sending station. This gives immediate confirmation that the

report is correctly sent, since, the numbers remain in the
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Advantages (cont'd.)

windows of the units until changed either by the sender or

receiver. It is possible to attach printers to the temporator

units, but such additions considerably increase the expense

of the equipment and the possibility of the receiving

operator making an error in transcribing is slight.

Disadvantages

Messages are limited to coded numbers and are restricted

to the number of digits on the units.

Conclusions

The Temporator Units are suitable for inter-plant

communication in numbered codes. Thus, they would be suitable

for routine reporting of quantities produced, operator numbers

and work center numbers. Discussion is impossible with this

type of unit and likely it would be used in conjunction with

some other information transmitting unit for complete control.

It would force reporting flow since aIl messages travel to the

one center. Because the numbers actually appear where they

may be read of~ the chance of shop noise or poor reception

causing error is non-existent. This type of unit would fit
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Conclusions (cont'd.)

into a scheme where pre-planning and foresight preceeds

operation since in this case only simple reporting is

required. When trouble occurs, however, some other means of

reporting would be required.
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TRANSCRIBING COMBINED WITH TRANSMITTING

Transcribing or writing down the information is usually

done on a typewriter so that the writing is legible. This is

not necessarily the case for aIl businesses and at times forms

or r eports are written in longhand. Recognizing that

information must be transmitted from one level of authority

to another, business machine manufacturers have developed

equipment which combines the operation of transcribing with

that of transmitting.

Telescriber

A machine called the t elescriber combines the operation

of transcribing and transmitting. This machine will duplicate

written messages on receivers located in various positions in

the factory. l will transmit sketches, as weIl as written

messages.
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SUMMARY

It has been noted that there is a wide choice of

suitab1e equipment which will transmit or carry information

from one point ta another in the factory. Nothing has been

said about expense of this equipment but before any

installation is considered an economic study shou1d be

made. Factors which are sometimes over1ooked are as fo11ows:

1) Cast of special forms
2) F1exibility
3) Installation expense and

maintenance expense
4) Indirect savings such as reduction

of wai ting time

These mechanica1 aids have been grouped as information

transmitting and transcribing. However, transmitting and

transcribing are on1y two of severa1 basic operations

performed when processing information. It is incorrect to

choose the mechanica1 aids for transcribing and transmitting

without considering their effect on the other basic operations.
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OTHER BASIC OPERATIONS

Control invo1ves decisions. These are made by comparing

alternatives consisting of arrangements of the information.

Since this information as it is received from one source

may not be in a form ready for comparison with that received

from another, it may be necessary to process it. The purpose

of processing the information is to aid decision making.

If it does not do this the operation is superf1uous and

shou1d not be performed.

Basic operations which might be performed to aid

decisions are:

1) C1assify
2) Record
3) Extract
4) Ca1cu1ate

The basic operations, transporting and transcribing

have a1ready been discussed.

Classification

"Data shou1d be c1assified to save
time and simp1ify their use. The
act of c1assifying is that of
arranging and segregating persons ,
items or ideas having simi1ar
characteristics of rank, arder,
time, dimensions, or princip1e into
order1y re1ated groups." l

l william ,'3t ani ar M. E. op cit p. 31)



Classification (cont'd.)

Because production control is control of quantities of

labour, equipment, material and product with respect ta time,

these will form the classification groups. Thus, there could

qe at least five ways in which the information might be

classified. In addition, the media carrying the information

will likely arrive from several different sources so that

there would be a random sequence of information in each

group. The cammon classification operation is ta first

arrange the information into the groups and then arrange

each group into code numbers in numerical sequence. If it

is a large group and each number is to be selected visually,

the operation of arranging into numerical sequence will be

extremely long. The use of color to bracket a group into

sub-groups (e.g. separate tens from hundreds) will help this

operation, but it is recommended that some punched card

system should be used when the classifying operation is long.

The operation of classification when performed with punched

cards is commonly called sorting.
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Sorting Tabu1ating cards

The tabu1ating or punched card systems are used to an

advantage for mechanica1 or manua1 sorting. The cards for

manua1 sorting have ho1es perforated a10ng the edges, whereas,

those for mechanica1 sorting are free of ho1es and have the code

perforated across the face of the cards. This means that a

greater number of code ho1es may be entered on a card for

mechanica1 sorting. The portion of the cards which is 1eft

free of punchings is usua11y marked off as a form and has

written on it information which may or may not be dup1icated

by the punchings.

Manua1

The code which is entered on manua1 cards is punched

into them by cutting away the outside portion of the respective

ho1es. The sorting is performed by taking a stack of the

cards; 1ining them 50 that the edges are even and pU5hing

a 50rting need1e through the same hole in all cards. Cards

which have the edge of the hole eut away will drop out when

the stack i5 lifted by the need1e. Manua1 sorting time with

this method i5 shorter than any other manua1 method. A

skilled operator can arrange 260 cards in sequence in 3.5

minutes by this method. Whereas, by sorting manua11y and

visua11y it wou1d take 15 minutes to perform the same

operation.
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Mechanical

Mechanical sorting is extremly fast. The stack of cards

are simply placed into the machine, which automatically sorts

them into the arrangement that it has been set to give.

Disadvantages

Most of the disadvantages of punched card procedures are

common to both manual and mechanical systems. It must be

realized that t o function properly the cards must be thick

enough to retain their shape after handling. This means

that the cards take more room for storage than thin paper

records. In addition, since the cards are part of the

process which may be patented, they will likely be more

expensive than other forms. The time required to punch in

the code is another factor. Usually for production control

purposes some of the sorting codes are punched in the cards

before they are issued to the factory. Any error in this

operation could cause trouble and so it is usually checked

by some method. This checking is also time consuming.

Mechanical sorting may not give the high rate of out­

put expected due to the machines being overloaded at one

period and idle at others.

It is quite common to find overloaded conditions

caused by too great a variety of work passing through the

one machine. This may be indirectly caused by the high
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Disadvantages (cont'd.)

cost of the machines. In order to justify its purchase, time

savings should be realized on large volumes of manual work.

Few Canadian industries have the required volume without

including work from a number of different functions.

Advantages

The common advantage of punched cards for sorting is

speed. Since this operation is performed easily and quickly

there is more likelihood that aIl necessary sorting

operations will be performed and that the information will

be recorded systematically and uniformly. When other

methods are used, there is a tendency to cut down on the

amount of sorting with the result that important information

is not r ecorded in a manner for easy reference.

Record

The dictionary describes the act of recording as "to

set down in writing, as proceedings in a meeting." l

For the purposes of production control, the act of

recording includes the setting down of information in any

manner. We have already discuss ed transcribing which may

be a part of the process of recording.

l webst8r's new international dictiona~r of t he En~lish Langua~e

1. &C. Merriam Company, Springfield, Mas~., 1947
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Record (cont'd.)

Filing is another action which may be a part of record­

Ingo If the record is a journal type it will tell a story

of happenings one after the other in a time sequence. On

the other hand, the record could be a ledger type which

tells the story of a complete situation as it exists at

one time. Two mechanical aids used in production control

which illustrate each type are: The Gantt Chart and

The Dispatch Board.

Gantt Chart

The Gantt Chart is a common type of record used in

production control which graphically presents a record. There

are many mechanical adaptations of this chart which for the

most part do not reduce the time required to enter the

record. They may, however, present the information more

clearly or in a neater manner than a chart drawn on paper.

They are also very flexible.

Dispatch Board

The Dispatch Board is another means of recording which

furnishes visual aid. In this case the board presents a

ledger type of record. The board is simply a representation

of a floor plan. Compartments take the place of work centers
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D5.spatch Board( cont 1d , )

or eoutpmerrt and the f'Low of work if: controlled vi.sual.Iv by

a flow of ~apAr order-s in the dis:!,atch board. The f'Lo» of

paper is s impLy a dup'l.Lcat;e of thp. f'Low of -ror k (see the

sketch of a dispatch board on pa~e 57a).

Conclusi.(ms

The metnod of r ecordinF depends ta some extent unon the

media used ta carry the ipiormatiDn. It al.so depends upon

what tyoe of record is required. Sorne cal.cuLattng mach:i.nes

and all of the tra..nscri.bing: machines mav be used to aid

r'ecor-df.nc , r'Jhen the r-ecordf.ng is per-f'ormed as a basic

oneration of production control, gr aphi cal or mechanical means

mip-ht be used ta help compartng for decisions.

Fi linO' could be considered as a l-my of recording.

Information may be pl aced on cards whi.ch, when arr8n~ed in a

certain order become a record. This forms a fl"'xible N'ay of

r8cordinf." since t he same cards may be s or t ed to pr es ent either

a ,journal or ledr'e1" t~TDe of record.

In SOMe cases, only a portion of the information will

v ary from one record to another. Yet each record, to be

complete, must contain al.L t he information. j'lhen this is the

case, the ti.Tl,!,? ta record may be r 'educed by dnnl.Lcatin« t he

constant information. A HectoP'ranh Master or a stencil may

be used as a means of duplicating. The Eectograph 1'-iaster
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Conclusions (cont'd)

will ~roduce as manv as thre~ hundred copies, whAreas, the

Sten6l .Fast er will, \\rith care, last indefinitely.

~xtract

Ini'ormation must be extracted from various s'Iurces

b~f0re it can be compared. ~xtraction depends upon how

the information is stored. The punched card procedl1res

1·!i.ll aid extraction since, vrhen they are used, it is sirnply

a rrlethod of sorting. Sorne of the copyinp- or dupl i cat i n?­

met hods may also be used. In most cases, other than the

punched card methods, extraction ~.s A. manual method of

transcribinf" portions of an nr:'p:;.nal renort or forme

' ~xtractinf'" may bo reduced by us Lnv f'orms on l ..hi ch the

information 1.8 ,!r ouned . 'l'eari ne: off or dup'l i.cat.Lng the

por t i on of ini'ormation required sj~plifies the operation

of extraction.

There are a few mechanical aids which sim0lify the

operation of extraction. The visible or Kardex tray for

filing is one. Another is the wheel met hod of filing.

~ach of these rrlay be operated electrically so that

the operator has simply to push a button to br-Lnv t he

correct card inta the 1-Jorkin~ area,



- 60 -

Calculating

The calculations needed to control production should

be kept as simple as possible; because speed is essential

for control. Since the operations are performed only so

that the information will be in astate ready for comparison,

the usual calculationsare simple and do not require

~ ----ext r eme- accUl"acy .- -I-t --:i s- t o- be rea1.iz-ed- that- the-standaros- - - -

in most cases will be set either from estimates Dr from

time study figures, so that slide rule accuracy is all that

is required in the determination of ratios.

The simple additions and subtractions could be

performed by machines, but it has been the authors

experience to note that the calculations may be entered on

the forms in less time than it takes to place the forms

into a machine. If the work is catalogued so that a number

of similar operations are performed at one time then an

inexpensive calculating machine might be of benefit.

There are many calculating machines available, but

the relative merits of each will not be discussed. It is

sufficient to say that the calculating aids should be

simple and the number of calculations kept to a minimum.
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APPLICATION

The typica1 production control system discussed in

the previous chapters will be used to i11ustrate the

mechanica1 aids. It shou1d be noted, that the choice is

great1y inf1uenced bYj the physica1 arrangement of the

factory, the routes or paths of the various f10ws and the

behaviour of the f1ows. Mechanica1 devices must a1ways be

aids to an end. Depending upon how and where they are

used, they have a definite psycho10gica1 effect which

may be advantageous or, on the other hand, detrimenta1

to the control of production. If at any time the system

is designed to fit the aid rather than the aid chosen to

suit the system, trouble will result.

A f100r layout with work centers is shown. (Fig.l)

The choice of the work centers is an important study in

itself. They must be grouped so that only like work is

performed in each center. If they are not chosen proper1y,

the flows which are to be controlled will not be standard­

ized and confusion will exist.

Prime Factor

In this case; the factor involving the least number of

individual items is the equipment, designated by work ceniers.
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condition, if the operators

standard rate, the remaining

some period there will be

center. The r everse

Prime Factor (cont'd.)

The work centers will be our prime factor, and aIl control

systems will be based on the control system devised for

this factor. The object of the control of the work centers

is to keep each operating at a predetermined rate of capacity.

In other words, the capacity factor for any mix of products

must be maintained at the figure set for that period by

the planning department.

AlI capaèities will be expressed in hours. The

capacity utilized can be determined by converting quantity

produced into the standard hours that should have been taken.

This is done by multiplying the quantity produced by the

number of standard hours allowed for one piece. We will

assume that the quantities of equipment and operators

have been chosen to suit th load predetermined by the

planning department. Under

are producing at better tha

load will be reduced so tha

insufficient work for that

condition would eventually r an overload for the

work center. If capacities to control equipmen~

trends in either direction c be noted. It is the

re~ponsibilityof the dispat her to see that the Foremen

are notified as soon as a tr nd is noted. The aids should

help the dispatcher to note hese trends.
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Needs at Worker Leve1

In order to overcome the main disadvantages of reporting

which are caused by a person reporting his own actions, it

is suggested that a11 reporting shou1d be done by a person

separated from production. The person who we have ca11ed

the weigher cou1d be assigned the responsibi1ity of reporting.

His equipment consisted of a weighing and counting sca1e

mounted on a truck so that he cou1d trave1 from one work

center to the other. The information transmitted from work

centers to the dispatch center will, in the most part,

consist of coded numbers. Since there are 14 work centers,

each inc1uding on1y a few pieces of equipment, any mechanica1

communication device must be re1ative1y inexpensive if there

is to be an aid for each center. In addition, the recording

type is essentia1 because there will be a high volume of

noise.

Reviewing the requirements, we see that a recording

type of transmitting unit shou1d be used and that on1y one

person will be operating the unit. Since the weigher a1ready

has a truck equipped with a counting sca1e, it is suggested

that his truck cou1d a1so contain a transmitting and

receiving device. If this is fo11owed, each weighing and

communicating station wou1d be wired so that the communica­

ting device cou1d be p1ugged in for communication. This
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Needs at Worker Level (cont'd.)

would reduce the number of units used and would allow purchase

of better equipment.

The communicating station could also serve as a shipping

and receiving dock for work to and from the work center. It

is quite possible that the weigher will not be near a work

center when the work is completed. Verbal contact with the

dispatcher will be maintained from each transmitting center

at aIl times with an intercommunicating device, so that the

worker can contact the dispatcher who will, in turn, calI

the weigher from some other center. The time that the

operator starts and finishes is reported by the weigher

when he reports quantity completed. This eliminates the

need for a punch clock and will save the time taken by

operators who would have to travel from their work place

to the clock and back whenever a job is changed. The only

trouble with time recordings might be when the weigher is

late in arriving at the work center. This could be overcome

by allowing the worker to report the time fini shed when he

calls in to the dispatcher requesting services of the

weigher.

The truckers who transport the work from one work center

to another are also under the direction of the dispatcher.

They move the work after the weigher has reported the
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Needs at Worker Level (cont'd.)

the information to the dispatcher. Routings are predetermined

and are stated on routing sheets which describe where and how

the work is to be done. These forms are standardized and

codes are used wherever practical.

If at any time a shortage existsj the dispatcher, the

weigher and the truckers can work as a team to expedite the

work from one center to the next. As soon as a worker has

completed a portion of the order, it is possible for the

weigher to ship these to the next center leaving the

remainder with the worker. In this manner the weigher acts

as a travelling shipper who can rush work from center to

center as directed by the dispatcher. This eliminates the

need of separate expedi t er s .

This system has been designed for a factory with a

large variety of work centers, as may be noted in the floor

plan~ only a few pieces of equipment exist in each center.

This r educes the distance that the weigher must travel and

makes the system practical. If the distance were greater

two weighers could operate, each covering a section of the

floor.

* The floor plan is shawn on page 61a
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Summary

We have considered the requirements from the view-

point of the worker. These may be summarized as fo11ows:

1) A person not engaged in actua1 production
shou1d do the reporting.

2) The transmitting equipment must overcome
a high 1eve1 of noise.

3) The worker shou1d receive a report of the
information sent to the dispatcher.

4) The foremen shou1d receive a copy of the
information given to the worker.

Before the transmitting equipment can be se1ected, a11

ends of a network must be investigated. In this case, the

communicating network has on1y two ends which shou1d be

considered, the work center and the dispatch center. The

needs at the work center have been summarized above and

there remains to be considered on1y the needs of the

dispatch center.

Needs at Dispatcher Leve1

The dispatcher must see that the work f10ws according

to plan. He is the first 1evel of authority which makes

decisions relative to the control of production and the

information he receives must be processed to aid this

function. Although the prime factor in this case is

equipment, the other three factors must receive attention.

Each will be considered.
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Duties

The planning department furnishes the dispatcher with

the plan of action and it is his duty to control actua1

conditions so that the plan is fo110wed. The information

provided by the planning will be schedu1es, work center

10ads, standard times, materia1 requirements and routings.

At this point an ana10gy might c1arify conditions of

dispatching.

If we consider the drawing of a machined part, we know

that to1erances must be added to the basic dimensions to

compensate for the inaccuracies of processing. Information

provided by the planning might be compared to the basic

dimensions. Depending upon the policies of the company,

to1erances may, or may not, be added. In most cases it

is 1eft to the judgment of the dispatcher to decide the

to1erances. The reason for this is that few companies

know what production variations are assignable to chance

causes. The control chart technique cou1d be app1ied to

an ana1ysis of production variations to determine this.

If the information was expressed in measurab1e quantities,

which cou1d be p10tted by a method simi1ar to the

Shewart technique for qua1ity, chance variations cou1d be

separated from the assignable variations. Since this
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Duties

would be a study in itself, it is beyond the scope of this

thesis and we will accept the fact that the dispatcher must

use judgment when deciding whether or not the system is out

of control. For this reason, we will state that arbitrary

limits are set and the dispatcher must control production

to stay within these limits.

The fact that the allowable variations in production

are not known is a weakness of most control systems.

Often a system will be out of control and, because limits

have not been applied, the out of control condition is not

recognized.

The dispatcher will control the product to meet

schedules and at the same time he will control quantities

of equipment, labour, and material so that the work center

loads are maintained. The schedule is most important but,

"to meet the schedule at aIl cost," is not the duty of the

dispatcher. A higher level must decide what should be done

when there occurs an out of control condition which will

jeopardize the schedule. Before deciding upon the needs

of the dispatcher, we will list the operations that he will

perfonn:
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Duties (cont'd.)

1) He will translate the orders received from
the planning department.

2) He will transcribe and transmit information
to the weigher, truckers and work center
leaders.

3) He will transcribe information for records
and transmit this to the production control
supervisor.

4) He will receive information cata10gued by
work center number and he will sort this
so that in turn it will be catalogued by
worker number and then product number.

5) He will record the flow of work on a
dispatch board.

6) He will ca1culate the amount of work comp1et ed
in the various work centers in terms of
standard hours and will translate this into
capacity and 10ad factors.

7) He will requisition material from the store­
room and will see that the surplus material
is r eturned.

Needs

We are considering the network between the dispatch

center and the work center. Operations two, four, five

and six are pertinent for this consideration and the

needs will be as fo110ws:

1) The dispatcher must have a communicating
device which will enab1e him to communicate
at any time with the persons he is directing.

2) The reports that he receives must be sorted
easily.

3) The information must be in a form for easy
calcu1ation.



- 70 -

Needs (conttd.)

When we review the aids discussed, we find that not

one fulfills aIl the needs from bath worker level and

dispatcher level. Since we are restricted by the volume of

work to manual type of tabulating cards, we might consider

means of communicating wi th these.

Suggestion

There appears in this case to be a need for a

transmitting and receiving unit which would transcribe,

transmit and code punch at the same time. The special

requirement ID uld be the code punching of manual sort

tabulating cards. The transmitter at the work center

should transcribe on inexpensive form~ an original and

two copies of the information. The receiving end in the

dispatch center should record the information and punch in

the sorting codes.
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AUTOMATIC CONTROL

The mechanical aids discussed will speed or combine sorne

of the basic operations of written record control, but they

do little to remove the weaknesses caused by human failings.

On the other hand, automatic control,where aIl the operations

are performed mechanically , will eliminate the possibility

of human error. The same principles stated for the written

r ecord type of control apply to automatic control but the

fundamental concepts may be written in terms of automatic

control. These are:

" 1) A sensor which checks the process. It reports
what is happening in terms of speed, size,
weight, or any other measurable variables.

2) A memory, which is a master record. It knows
what should be happening, and what to do if
it is not happening.

3) A collator, which compares information from
the memory. In case of any difference, it
"calls up" from the memoryinstructions on
what to do.

4) An effector, which changes the process on the
basis of instructions relayed by the collator."l

When these el ement s are compared to the controlling

operations performed with the written record type of control

previously discussed, it will be found that each element

could be substituted for a section of the system for the

written record type of control. Obviously it would not be

l Factory Manap:ement and Maintenance McGraB-Hill Publishine Co.

Inc. Volmne 110 Numbar 4 April 19~2 P. 80
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economical in many cases to substitute a complex machine, or

a series of complex machines, for a simple operation. Since

we have restricted our study to a factory with a functional

type of layout, complete automatic control would not be

found economically feasible.

It is possible, however, that sections of the system

might benefit from the use of automatic controls. These

will be discussed to complete the study.

Sensor

The reporting operations performed by the weigher

are equivalent to those which would be reported by a

sensor in an automatic system. The question is; "could an

automatic sensor unit replace the duties of the weigher

and improve the system?" In this case, it seems likely

that automatic reporting would not be practical. The

variety of individual pieces which must be counted i8 great

and the material handling i5 not automatic. If it were

possible to mechanize the material handling, the use of a

sensor unit might be considered, otherwise it would not be

practical.



- 73 -

Memory

We have a1ready suggested that the tabu1ating cards are

the best means of recording information in the dispatch center.

This is an approach to automatic control since many of these

units operate with punched cards. In this case, the size of

the factory and the number of individua1 pieces ru1es out the

complete mechanization of the dispatch operation. The dispatch

board and file records act as the memory units. It seems

possible that, if volume warranted, an automatic dispatch

board could be bui1t. This cou1d operate either from the

information sent by the weigher or from information sent by a

censor unit.

Co11ator

Limits have not been set for the control of production

and, since machines are not capable of judgment, it seems

1ike1y that this operation wou1d be performed by a person.

Another factor to consider is that planning must inc1ude more

detai1 if automatic control is to be used. This wou1d

increase the cost of planning. It is difficult to visua1ize

a machine which could take care of a11 the variables invo1ved

in the control of the type of production under consideration,

and so this operation wou1d be performed by a person.
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Effector

Because the same machines are used to process more than

one part, it is unlikely that the processing under consideration

could be changed by an effector. Before an effector may be

used, the design of the product must be suitable for automatic

handling, conveying and operating. If this were possible the

effector could speed up, retard or divert the flow as instructed.

The type of production is not suitable for an effector.
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CONCLUSIONS

We have studied some of the problems and the weakness­

es of the written record type of control and have found that

a breakdown of the system may be caused by human failings.

Persons tend to rely upon their memory instead of upon

records; those with strong personalities may gradually take

over the work which should be performed by others; executives

may be afraid to delegate sufficient authority to those

under them; persons who are recording their own actions

may tend to highlight the more pleasant information.

It has been seen that it is possible to reduce the

likelihood of control system failure by furnishing

mechanical aids. These may be classified into two types;

(1) those which have been developed to speed the basic

operations as they would be performed with the written record by

humans and; (2) those which have been developed to perform

the control operations without human assistance. The first

may be fitted to any written record system with only slight

modifications. Those of the second, however, are not aids

in the true sense because they are capable of performing

the operations. Rather than calI these, "machines which

aid control," it would be more correct to calI them,"controlling

machines." The method of production and even the design of

the product may require modification before these may be

used.
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The advantage of any machine over a human operator

is; (1) freedom from error; (2) freedom from laziness;

(3) freedom from emotion and; (4) high speed operation.

The disadvantages is that machines, as yet, do not possess

the human talent to select the obscure alternatives.

~hus, machines are not sufficiently flexible to control

a variety of items.

The proper approach to the use of mechanical aids,

is to recognize and compare the advantages and disadvantages

of mechanical and human operation. The system must always

provide for the elements of control, objective, procedure

and appraisal. In addition, the machines, or humans, must

perform operations which will be equivalent to those of the

fundamental concepts of control. These have been expressed

in terms of automatic control as; a sensor, a memory, a collator

and an effector; but they are essential to any type of control.

If the control is the written record type, these concepts

will be covered when the basic operations are performed on

information. If, on the other hand, the control is automatic,

a machine will take care of each concept. Whatever the type

of control, it should be performed at the level of the

dispatcher or lower and he should have sufficient authority

to enforce his decisions.
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It is concluded that automatic control is possible

but not practical for light metal working industries of

the type discussed in this thesis. The variety of work is

too high when compared to the volume. Even in the American

Automotive Industry, where there is a high volume of

production, automatic control has been found practical for

onlya few easily handled items, such as, pistons and

valves. In view of this, it has been decided that there

remains a need for equipment which will aid human control.

One suggestion is a machine which will combine the

operations of transcribing, transmitting and code punching.

These are routine preparatory operations which are time

consuming. If these were combined and performed by machine

the information would be received by the dispatcher in a

condition which could be easily sorted for comparison.

With such an installation, the control process could

easily approach the Ideal, having continuous reporting

followed by immediate directing which is based on accurate

decisions. This is the essence of control.
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This thesis was directed ta determine the weaknesses

of proàuction control systems and the aim was ta mci(e improve­

ments by utilizinrr mechani cal aids . .LJurin~ the investigation,

fielàs for further study Here disclosed. These are 8.s follows.

The sdmp.Les t nos ',ible control has been visua1ized as

a communicating loop consisting of four parts: (1) reporting;

,2) preparin~; \3) deciding; (4) directing. It· is SUf:~esteà

that every control 100p vnll contain at least one of each part

( possiblv some parts are t.aken care of by ment al processes and

ar~ not anparent ). In actual practice many Loops contain more

than one of each part and it seems that this aoproacn mi~tt be

followed ta simolify the control pr obl em. Control ;.rill be made

more comp1ex by increasin~ the number of parts in a loop and

by i ncr eas i ng the number of loops in the system. Standards for

control system appraisal coul.d be set by a measurinp system

based on this facto

Control charts similar ta those used for quality control

have been sug~ested f or pr oduct i on control. A study should be

directed to determine a means of contro1lin~ idle time. A system

based on load factors Hh:i.ch are set and maintained bv control

charts would do this.
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